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Foreword

The remarkable political changes that have
taken place within the European Region in
the last five years have greatly enlarged the
potential for international collaboration. The
First European Conference on Environment
and Health was held in Frankfurt in De-
cember 1989, when these dramatic changes
were at their height. Ministers from 29 coun-
tries, and the European Commission, ap-
proved a Charter that set out the principles,
strategy and priorities for achieving an effec-
tive approach to the many areas in which en-
vironmental conditions may significantly af-
fect human health.

The Charter reflected the ministers’ con-
cern that the nature and extent of environ-
mental health problems throughout the Re-
gion had not been adequately assessed. The
WHO European Centre for Environment
and Health, which was established as a di-
rect result of the Conference’s recommen-
dations, was therefore given as its first major
task the development of a comprehensive re-
view of available data in such fields as water
supply and sanitation, air and water pollu-
tion, radiation protection, food safety, occu-
pational health, and housing and settle-
ments. The project was entitled Concern for
Europe’s Tomorrow, and the Scientific Ad-
visory Board of the European Centre de-
cided that the final report should be avail-
able as the scientific basis for deliberations
at the Second European Conference on En-
vironment and Health in Helsinki in June
1994.

The time available for preparation was ex-
tremely limited. The fact that a summary of
the final report was available in time for the
Second European Conference reflects great

credit on the many scientists (more than
270) and officially established national focal
points in the Member States who have taken
part in this major undertaking.

The report highlights a number of issues
that demand urgent attention and has con-
firmed the existence of major differences in
environmental conditions and the health
status of populations between the western
countries of the Region and the countries of
central and eastern Europe and the newly in-
dependent states of the former USSR.

None of the countries of our Region, how-
ever, has room for complacency. As one
example, substantial areas of many Euro-
pean cities provide a deteriorating environ-
ment for their citizens, owing to traffic
noise, pollution and congestion, and social
deprivation. Clearly, not all issues are of
equal importance and it is hoped that the ob-
jective scientific nature of this report will
help to allay unjustified public fears and to
provide a more realistic perception of risk.
Above all, the report is intended to be of as-
sistance in rational decision-making, so that
real priorities may be identified and limited
resources efficiently utilized.

The process of developing this report has
demonstrated the shortcomings of the avail-
able data, in both coverage and consistency.
Nevertheless, the report is a major step for-
ward. I am confident that the network of
national focal points, which has now been
firmly established, and the close collabor-
ation between the WHO Regional Office for
Europe and other international organiz-
ations, in particular the European Environ-
ment Agency, provide excellent prospects for
considerable improvements in the quantity
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and quality of available information between
now and the Third European Conference
planned for 1999.

The present volume, which has been devel-
oped in very close cooperation with the Eu-
rope’s Environment Task Force of the Euro-
pean Commission, represents a major step
forward in collaboration among all 50 coun-
tries of the WHO European Region. It is

hoped that it will be widely used, not only by
government agencies but also by the very
many nongovernmental organizations deal-
ing with different aspects of the issues ad-
dressed by Concern for Europe’s Tomorrow.

J.E. Asvall
WHO Regional Director for Europe
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Introduction

Many of the great advances in public health
during the nineteenth and twentieth cen-
turies resulted from the realization that un-
satisfactory water supplies, sanitation, work-
ing conditions, housing, food and air quality
were major contributors to disease and short
lifespans. More recently, protection of the
environment for its own sake and the main-
tenance of biodiversity for future generations
have become important political issues
throughout the world. The relationship of
human health and wellbeing to environ-
mental influences is an important dimension
of these issues.

The relationship between environmental
factors and health is complex. Many diseases
have multifactorial causes and the influence
of lifestyles and social and economic factors
may be difficult to separate from environ-
mental exposures.

Over recent decades, much of the WHO
European Region has experienced rapid
economic growth, but the benefits of in-
creased overall prosperity have not always
been accompanied by adequate measures to

The Setting
safeguard the quality of the environment.
This has resulted in a wide range of direct
threats to human health as well as potential
indirect effects, including some that may
occur in the future as a result of the unsus-
tainable nature of much economic develop-
ment.

The situation is far from uniform. Basic
health statisticsa show a general improve-
ment in levels of health within the European
member countries of the Organisation for
Economic Co-operation and Development
(OECD) as assessed by infant and total mor-
tality rates, life expectancy and the incidence
of certain diseases. By contrast, no improve-
ment and in some aspects a deterioration in
health status has occurred in the countries
of central and eastern Europe (CCEE)b and
the newly independent states (NIS) of the
former USSR over the last two decades. In
addition, considerable variations occur

a Health for all database of the WHO Regional
Office for Europe.

b The CCEE comprise Albania, Bulgaria, the Czech
Republic, Estonia, Hungary, Latvia, Lithuania,
Poland, Romania, Slovakia and the countries
emerging from the former Yugoslavia.
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among different social groups within individ-
ual countries of the Region, the poor every-
where suffering more ill-health than the
better off. If appropriate and cost-effective
action is to be taken to create a greater de-
gree of equity in health throughout the Re-
gion, a better understanding must be reached
of the role of the environment in influencing
health, compared with social and economic
inequalities, lifestyles and the quality of
health care systems.

The definition of environmental health
given in the European Charter on Environ-
ment and Health [1] should be borne in
mind:

Environmental health ... includes both the direct
pathological effects of chemicals, radiation and some
biological agents, and the effects (often indirect) on
health and wellbeing of the broad physical, psycho-
logical, social and aesthetic environment, which in-
cludes housing, urban development, land use and
transport.

While public health policies are understand-
ably mainly directed towards relieving so-
ciety of disease and premature death, the en-
vironment should also be considered as a re-
source for enhancing health and wellbeing.
People aspire to live in communities free of
environmental hazards, with decent homes
in which to raise their families, with oppor-
tunities for employment, education and cul-
ture, and with pleasant and harmonious sur-
roundings that facilitate recreation and so-
cial contact and maintain a healthy and di-
verse ecosystem. Effective environmental
protection, in its widest sense, provides a
framework for many of these aspirations, as
part of enlightened and sustainable socioeco-
nomic development.

While these are desirable aims, already
within the reach of many people in the Re-
gion, the far more basic needs of many
others must also be recognized and dealt
with as a matter of high priority. Many mil-
lions of people in the Region still lack at
least one of the essential prerequisites of en-
vironmental health: safe water, clean air,
sanitation and shelter. A substantial number
are without the first and most fundamental
prerequisite for health, namely peace. Reha-

bilitation of public services essential for envi-
ronmental health and resettlement of large
numbers of refugees will be major inter-
national tasks when hostilities have ceased.

If countries are to improve the health of their
people, they must know what environmental
conditions prevail. Concern for Europe’s To-
morrow was launched to assess the state of
environmental health in the Region. To ex-
plain fully how this project came about, we
must go back a little in time.

In 1980, the Member States of the WHO
European Region adopted a common Euro-
pean strategy for attaining health for all [2].
This called for fundamental changes in ap-
proaches to health development. It focused
on four areas of concern: lifestyles and
health, the risk factors affecting health and
the environment, the reorientation of the
health care system, and the mobilization of
political, managerial and technological sup-
port to bring about these changes. In 1984,
the Member States of the Region approved
38 regional targets encompassing these
areas. Their adoption proved to be a decisive
event that gave a strong impetus to the wide
political acceptance and implementation of
the European health for all strategy. In many
countries, the concepts, principles and strat-
egies have already become reflected in
national, regional and local policies. They
have also provided a solid basis for health de-
velopment in the CCEE and NIS, which has
been greatly affected by political change in
the last five years. While retaining their basic
structure, the original targets were updated
in 1991 [3]. As in 1984, nine targets are di-
rectly concerned with aspects of environ-
mental health.

Target 11 – Accidents
By the year 2000, injury, disability and death

The Genesis of Concern for
Europe’s Tomorrow
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arising from accidents should be reduced by
at least 25%.

Target 18 – Policy on environment and health
By the year 2000, all Member States should
have developed, and be implementing, pol-
icies on the environment and health that en-
sure ecologically sustainable development,
effective prevention and control of environ-
mental health risks and equitable access to
healthy environments.

Target 19 – Environmental health manage-
ment
By the year 2000, there should be effective
management systems and resources in all
Member States for putting policies on en-
vironment and health into practice.

Target 20 – Water quality
By the year 2000, all people should have ac-
cess to adequate supplies of safe drinking-
water and the pollution of groundwater
sources, rivers, lakes and seas should no
longer pose a threat to health.

Target 21 – Air quality
By the year 2000, air quality in all countries
should be improved to a point at which rec-
ognized air pollutants do not pose a threat to
public health.

Target 22 – Food quality and safety
By the year 2000, health risks due to micro-
organisms or their toxins, to chemicals and
to radioactivity in food should have been sig-
nificantly reduced in all Member States.

Target 23 – Waste management and soil pol-
lution
By the year 2000, public health risks caused
by solid and hazardous wastes and soil pollu-
tion should be effectively controlled in all
Member States.

Target 24 – Human ecology and settlements
By the year 2000, cities, towns and rural
communities throughout the Region should
offer physical and social environments sup-
portive to the health of their inhabitants.

Target 25 – Health of people at work
By the year 2000, the health of workers in all
Member States should be improved by mak-

ing work environments more healthy, reduc-
ing work-related disease and injury, and pro-
moting the wellbeing of people at work.

The need to achieve a better understanding
of the relationship between environmental
factors and the health of individuals and
communities, together with the clear need
for the environment and health sectors at all
levels of government to work closely to-
gether, was recognized by the first European
Conference on Environment and Health,
held in Frankfurt-am-Main, Federal Republic
of Germany, in December 1989.

The Conference culminated in the adop-
tion, by ministers of health and of the en-
vironment and other senior representatives
from 29 European countries and by the
Commission of the European Communities,
of the European Charter on Environment
and Health [1]. The Charter sets out a broad
framework for action by all levels of govern-
ment, by all sectors of society and at the in-
ternational level.

Subsequently, the WHO Commission on
Health and Environment was established
and produced a report entitled Our planet,
our health [4] in preparation for the United
Nations Conference on Environment and
Development in Rio de Janeiro in 1992. This
report analysed, within the global perspec-
tive, the various ways in which the environ-
ment interacts with health in the context of
socioeconomic development, and provided a
series of broad recommendations for action
at international, national and local levels.
The Rio Conference endorsed the so-called
Agenda 21 [5], an action plan for the twenty-
first century that sets a far-seeing course to-
wards sustainable development. Its health
component largely reflects the findings of
the WHO Commission and acknowledges
that, within the overall principle of sustain-
ability, major changes in approach are
required if health impairment due to environ-
mental degradation is to be arrested and fu-
ture adverse environmental impacts on
health prevented.

In response to Agenda 21, a global strat-
egy for health and the environment was en-
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dorsed by the World Health Assembly in
May 1993 [6]. An environmental pro-
gramme for Europe, including an Action
Programme for Central and Eastern Europe
[7], was approved by an intergovernmental
conference on the European environment
held in Lucerne, Switzerland, in April 1993.
This action programme for the CCEE ac-
cepts that health impacts are an important
part of the immense environmental prob-
lems facing these countries as they move to-
wards parliamentary democracy and market
economies, although in many areas concrete
information on these health aspects is lack-
ing.

Ministers at the First European Confer-
ence on Environment and Health had al-
ready acknowledged the inadequacy of the
existing database and recognized that its
strengthening was a prerequisite for national
decision-making and the setting of priorities.
As a direct consequence of the adoption of
the European Charter, the WHO European
Centre for Environment and Health was es-
tablished as an integral part of the WHO Re-
gional Office for Europe. Its priority man-
date was collaboration with Member States
on the development of an improved in-
formation system, covering all aspects of the
relationships between environmental condi-
tions and human health.

At the first European Conference on En-
vironment and Health in 1989 [1] it was
agreed that:

European Ministers of Health and the Environment
should meet again within five years to evaluate
national and international progress and to endorse
specific action plans drawn up by WHO and other in-
ternational organizations for eliminating the most
significant environmental threats to health as rapidly
as possible.

In preparation for this Second European
Conference on Environment and Health,

The Development of Concern for
Europe’s Tomorrow

which was held in Helsinki in June 1994, the
WHO European Centre for Environment
and Health was asked to assess all aspects of
environmental health in the countries of the
Region, based on available national data and
other information: the project known as
Concern for Europe’s Tomorrow.

Since this project was first planned in
1991, many political changes have taken
place in the Region and the number of WHO
Member States has increased from 31 to 50.
While it was impractical to collect suffi-
ciently detailed data from the NIS, the
former Czechoslovakia and the former Yu-
goslavia for inclusion in the main text of the
report, the special conditions that exist in
these countries had to be reflected. A separ-
ate chapter in this report therefore summar-
izes the main environmental health issues in
these countries.

From the outset, it was essential to work
in harmony with other international bodies
involved in assessing environmental condi-
tions in the European Region, in particular
the Commission of the European Commu-
nities (CEC). As a result of the United
Nations Economic Commission for Europe
(ECE) Ministerial Conference held at Do-
bris Castle in the former Czechoslovakia in
June 1991, the development of a pan-Euro-
pean report on the state of the environment
was begun. A close working relationship has
been established between the CEC secre-
tariat coordinating preparation of this report
and the project office at the WHO Regional
Office coordinating the development of this
book. Further, joint use has been made of
some of the data available for these two com-
plementary projects.

The major sources of information have
been individual countries, international or-
ganizations and internal WHO material.
Member States were invited to nominate
national focal points; they came together at a
planning meeting in October 1991 and
agreed on the project’s general concept and
main lines of development. From the outset
it was accepted that, in view of the short
time frame, only existing data should be util-
ized. It was hoped that the limitations that
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became evident during the progress of the
work would indicate priority needs and
stimulate the long-term development of an
effective information system after the com-
pletion of the project.

Small task forces were convened to de-
velop questionnaires on the various sectoral
issues. Countries completed the question-
naires through the newly established net-
work of national focal points. The replies,
along with data and information obtained
from other sources, were thereafter analysed
by the chapter managers within the WHO
European Centre for Environment and
Health. The process of development of the
project, and this report, involved two subse-
quent meetings of the national focal points,
which greatly contributed to its successful
completion.

The Scientific Advisory Board of the
WHO European Centre for Environment
and Health acted as an independent peer re-
view body for the emerging document and
reviewed progress in November 1992, Sep-
tember 1993 and January 1994. Peer review
of separate chapters was carried out by ap-
propriate specialists.

The main aim of the project was to provide a
balanced and objective overview of the prin-
cipal environmental issues of present or po-
tential concern for health in the WHO Euro-
pean Region. Of course, not all issues are of
equal significance and priority in terms of
human health. While this book does not pro-
vide a detailed comparative risk assessment,
it is meant to help achieve a better under-
standing of the more important environ-
mental factors that affect the health of the
overall population or of potentially vulner-
able groups. It is hoped that the gap between
perceived risk and actual risk can thereby be
narrowed by improving public information

The Scope and Purpose of Con-
cern for Europe’s Tomorrow

and facilitating informed debate. This will
have the twofold result that, on the one
hand, people’s undue worries can be allayed
and limited resources devoted to the most
important tasks and, on the other, author-
ities and individuals can be persuaded to
take action to prevent risks that they do not
now take seriously enough.

It is axiomatic that prevention is better
than cure. In terms of environmental protec-
tion, the anticipation and avoidance of po-
tential harm not only benefit human health
and wellbeing, but are almost always more
cost-effective than later environmental clean-
up and treatment of disease. Such preventive
action involves many different areas of gov-
ernment, including agriculture, energy pro-
duction, housing, industry, land use and
urban planning, and transport. At present,
the frequent absence of a multisectoral ap-
proach to environmental health manage-
ment, and the lack of effective coordination
of action, result in socioeconomic develop-
ment having impacts on the environment
that adversely affect the health and wellbeing
of the population.

This book attempts to facilitate the rever-
sal of these practices by presenting an overall
picture of the effects on health of environ-
mental conditions throughout the European
Region, thus demonstrating the need for the
various sectors of government and society to
interact if improvements are to be made. In
view of the many transfrontier environ-
mental issues that have public health impli-
cations, the book also tries to demonstrate
the need for countries to share information
systems, as an objective basis for decision-
making.

The European Charter emphasized that
careful environmental stewardship could not
only prevent adverse effects on health but
also contribute towards wellbeing. It is easier
to recognize wellbeing than to provide a rig-
orous, scientific definition of it, and there
are no satisfactory measures of the benefits
of an aesthetically pleasing environment in
health terms. A mutually supportive commu-
nity within a diverse and sustainable eco-
system, however, bestows benefits that go
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beyond the prevention of individual diseases.
Epidemiology has not yet succeeded in deal-
ing with these concepts, nor are there satis-
factory indicators. This book tries to develop
a perspective whereby enhancement is as im-
portant as prevention, although very little
quantitative information is available on this
difficult but important issue.

The project has shown the many shortcom-
ings in the existing databases and systems for
collection, collation, analysis and dissemi-
nation. On many topics, reliable data for as-
sessing health impacts could not be as-
sembled. Much information is fragmented,
incomplete and of doubtful relevance and/or
validity, and does not undergo proper quality
control procedures. Much is collected and
remains within separate administrations at
central, regional and local levels. Much
monitoring seems to lack clear objectives
and does not appear to be used in decision-
making or environmental health manage-
ment. Many single studies have been carried
out that have not or cannot be replicated. An
ever present danger is that only the positive
results of epidemiological studies are quoted,
while the results of well conducted studies
leading to negative results are not taken into
account.

All those taking part in the development
of the project, whether at country or inter-
national level, were aware of these con-
straints and difficulties. From the beginning,
they realized that it would not be possible to
make a comprehensive assessment of envi-
ronmental health for all parts of the Region.
They nevertheless considered that the objec-
tive was so important that they were fully jus-
tified in making the attempt.

Limitations and Constraints

The investment that is being, and will be,
committed to environmental management in
the interests of human health and wellbeing
is large, particularly in the context of the li-
mited total resources available. Policies must
therefore be based on sound data, and deci-
sions on priorities for action should take the
cost–benefit aspects into account. Better
data will facilitate a proactive stance,
whereby the potential effects on health of
different forms of development may be pre-
dicted and prevented, rather than waiting
until remedial action becomes necessary,
which may be very costly even if practicable.

However good the information system,
data are not always available to support a
particular course of action. While acknowl-
edging these shortcomings, one must some-
times resist the temptation to delay action
while searching for the underlying causes of
problems, or for data to define their precise
nature. Society must sometimes act on intu-
ition based on experience. Such justification
can be found in the sanitary movement in
Europe during the nineteenth century, when
great advances were made in controlling
communicable diseases many years before
the etiological agents were identified and the
problems precisely identified by epidemi-
ological science.

To obtain better data, harmonized and
comparable data collection and management
are clearly needed throughout the Region,
based on the use of core indicators of envi-
ronmental health. The national focal points
have stressed that, to achieve this objective,
they require technical support from the
WHO European Centre for Environment
and Health. Such information systems can-
not be the prerogative and responsibility of
only one authority. They require careful
planning and continuing collaboration
among the various sectors at all levels.
Further, such systems should be designed
with clear objectives. Their relevance and ef-

Beyond Concern for Europe’s
Tomorrow
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fectiveness can be evaluated by their ultiliz-
ation in the resolution of practical issues.

The national focal points have recom-
mended that (a) lessons learned from the ex-
perience of Concern for Europe’s Tomorrow
be fully applied at national and international
levels, and (b) the information collected be
periodically updated and reviewed so as to
provide a more accurate and comprehensive
picture of the environment and health situ-
ation throughout the Region and, as far as
possible, to predict trends.

[1] Environment and health. The European Charter
and commentary. Copenhagen, WHO Regional
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Chapter 1
Economic Sectors

This book provides a situation analysis of
health and the environment in the Member
States of the WHO European Region. Owing
to the political changes of recent years, these
countries have nearly doubled in number
and their heterogeneity has become much
more apparent. This chapter describes the
basic economic circumstances that largely
determine the conditions and chances for de-
velopment in environmental health in most
of these countries.

Further, this chapter briefly outlines some
of the main patterns of economic activity in
the Region whose growth is essential for
human development. As both socioeco-
nomic factors and the state of the environ-
ment influence health, information on over-
all economic development, the structure of
economies and other basic data are essential
to an understanding of the mutual relation-
ships between health, the environment and
economic sectors. The question as to

1.1 Introduction
whether the economic environment, produc-
tion and consumption are able and willing to
support sustainable development is one of
the most important challenges for the future.

At the end of the twentieth century, the
European Region faces major political, econ-
omic, social and environmental changes.
Many Member States are in a transitional
phase in their political systems and socioeco-
nomic development, as they move from cen-
trally planned to market economies. This
creates special requirements, particular
possibilities and considerable constraints.
This chapter highlights some of these in re-
lation to the environmental health situation.

1.2.1 Basic features and indicators

As of January 1994, the WHO European Re-
gion had 50 Member States. Of these, 12 are

1.2 The WHO European Region
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described as countries of central and eastern
Europe (CCEE) and 15 constitute the newly
independent states (NIS) of the former
USSR. Together, these two groups are often
called countries or economies in transition,
in reference to the enormous political, econ-
omic and social changes currently taking
place (Table 1.1). While the developed mar-
ket economies of the Region vary, they are
referred to as western countries when being
compared with the CCEE and NIS.

Using gross national product (GNP) per
head, the World Bank classified the coun-
tries of the world into four major groups ac-
cording to the level of their economic output
[1]. No country of the European Region was
in the first group, the countries with low in-
comes, but 16 were found in the group with
lower-middle incomes (a GNP per head of
US $636–2555) in l991. While 10 countries
had upper-middle incomes (US $2556–
7910), 19 belonged to the high income group
with a GNP per head of more than US
$7910 (Table 1.2).

The populations of countries in the WHO
European Region range from some tens of
thousands to approximately 150 million, and
their areas from some tens of square kilo-

metres to about 17 million. Their economic
power is also extremely diverse: the gross do-
mestic product (GDP) per year ranges from
some hundreds of millions of US dollars to
more than US $1500 billion.a Taking the
GDP per head in the United States in 1991
as 100 %, the GDP per head, in purchasing
power parity, in the countries of the Region
was estimated to range from 10 % to nearly
99% [1–3]. The countries differ much less in
their scores on the human development
index (Table 1.2), which combines three key
components (income, knowledge and lon-
gevity) to arrive at an average deprivation
index [4]. An index of 0.80 or more indi-
cates high, 0–0.79 medium, and below 0.50
low human development.

In 1991, the countries in transition had a
population of about 410 million, or nearly
half of the Region’s total population of 850
million. For 1991, the World Bank estimated
the average GNP per head in the middle in-
come countries of the Region as US $2670,
with an average annual growth rate of 0.9%
in the period 1980–1991. The GNP per head

a  1 billion = 109.

Table 1.1: The central and eastern Member States of the WHO European Region
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Table 1.2: Economic and development indicators for countries of the WHO European Region
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in the high income countries of the Region
was about US $11 000–33 000, and the aver-
age annual growth rate of GNP in all the
high income economies was 2.3% in the
period 1980–1991. The average annual
growth rate of GNP for all countries of the
world was 1.2% for this period [1].

1.2.2 Development of economic
activities

Economic growth, the main drive of socioe-
conomic development, represents the aggre-
gation of activities in the various economic
sectors. Worldwide it has shown unprece-
dented development this century. The global
GDP, estimated at US $600 billion in 1900,
grew to US $5000 billion in 1960 and about
US $21 000 billion in 1991 [1,5].

Table 1.3 shows long-term trends in econ-
omic growth in the different regions of the
world. The growth of the gross world prod-
uct slowed in the 1980s. The decrease was
slight in the developed market economies,
but very significant in both the CCEE and
the NIS, as well as in the developing coun-
tries. A fall of more than 50% in economic
growth in the 1980s and its overall conse-
quences, along with other factors, con-
tributed to the enormous changes in the
CCEE and NIS at the end of the 1980s and
the beginning of the 1990s.

Table 1.4 illustrates economic growth in
1989–1993. The annual growth of GDP has
considerably decreased worldwide since
1989, with negative growth in 1991 and
negative growth per head in 1991 and 1992
[6]. While GDP grew in the developing
countries, economic growth in the developed
market economies slowed considerably, re-
sulting in growing unemployment and in-
flation. In addition, the new and disturbing
phenomenon of “jobless growth” has be-
come more visible [4] and the economies in
transition showed an extremely sharp de-
cline in output. These factors have had con-
siderable consequences throughout the
European Region, and they affect the medi-
um-term economic outlook. The optimistic
early expectations for the possibilities af-
forded by the political changes in the CCEE
and NIS have been significantly modified.

Table 1.5 shows the distribution of GDP
between the different sectors of the econ-
omy. The data clearly indicate an overall de-
crease in the share of agriculture, an increase
in the role of industry in two groups of coun-
tries, and a decrease for industry and an in-
crease for services in the third.

1.2.3 The CCEE and NIS

The domestic economies of the CCEE and
the former USSR were characterized by a

Table 1.3: Economic growth 1971–1900
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lack of market signals, inefficient production
and distribution, lack of incentives to in-
crease productivity, outdated technologies,
the intensive use of natural and other re-
sources, and a seriously degraded environ-
ment. The basic objectives of the historic
changes that began in these countries in the
late 1980s can be organized in three main
groups: building a functioning democratic
system, gaining the support of the popu-
lation for the painful transition to mar-
ket-based economic structures, and design-

ing a proper strategy and tactics for trans-
forming the economy [7].

The transformation processes have en-
compassed all aspects of the economies and
societies concerned, although conditions,
the pace of change, and its results and prob-
lems may differ considerably between coun-
tries. The broad objectives and direction of
change are similar everywhere. The “short-
age economy” characteristic of the previous
decades will cease to exist: the buyer’s mar-
ket is to replace the seller’s market and ex-

Table 1.4: Percentage annual change in gross domestic product, 1989–1993

Table 1.5: Distribution of gross domestic product between the agricultural, industrial and service sectors in the
countries of the WHO European Region, 1970 and 1991
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cess supply is to replace excess demand. The
growing number of and choice between com-
modities are expected to help to create possi-
bilities of a higher quality of life for the
people in these countries.

Soon after the political changes, the
CCEE and NIS started to act in many fields.
The first measures included liberalizing
prices, eliminating subsidies, strengthening
governments’ budgets, controlling the
money supply, regulating wages, devaluating
domestic currencies to stimulate exports,
and opening economies to foreign competi-
tion. Later, more systematic measures could
be observed. Great changes in ownership
patterns and a basic restructuring of both
economic sectors and institutions became
necessary to deal with the inherited macro-
economic imbalances, distorted prices and
poor behavioural patterns of managers,
workers and consumers, and to speed up
technological development.

The establishment of new legal frame-
works for the structural transformation of
the economy and society has proved to be a
time-consuming, difficult task. The imple-
mentation of new laws related to accountan-
cy, banking or bankruptcy, and many other
economic and social issues, require changes
not only in the theoretical approach but also
in the behaviour of economic agents. Pro-
ducers and consumers must make their deci-
sions, actions and responses suitable for a
market-driven environment.

The structural, organizational and owner-
ship changes in the economy constitute the
fundamental elements of the current transi-
tion process. Old, large state enterprises
have been transformed into several smaller
companies, and a larger number of new and
in general small and medium-sized busi-
nesses have come into being. Private owner-
ship has begun to play a decisive role. For
example, the number of companies in Hun-
gary that are legal entities rose from 15 000
at the end of 1989 to about 69 000 by the
end of 1992 [8].

The impact of the instruments and institu-
tions of the market economy, however, has
revealed the inefficiency of the former condi-

tions. Economic pressure has led to the fast
reduction of low-efficiency production, but
new and efficient replacements have not ap-
peared equally quickly. The trade between
the CCEE and the NIS collapsed, while
trade with the developed market economies
has only started to grow. The lack of com-
petitiveness of the economies of the CCEE
and NIS, coupled with restrictions on trade
with western countries, made it impossible
to offset the enormous losses that occurred.
These problems, along with the contraction
of domestic demand in most of the countries
in transition, led to a very sharp decline in
economic output; this decline is estimated to
have been more than 30% from 1969 to
1993 [9].

In addition, employment has declined sub-
stantially. In December 1992, unemploy-
ment ranged from 2.6% in the Czech Repub-
lic to 15.9% in Bulgaria. In absolute figures,
Poland had 2.5 million unemployed people,
Romania 929 000 and Hungary 663 000 [9].
The losses of jobs in large enterprises was far
too great to be absorbed by the smaller pri-
vate businesses. High rates of inflation are
also a major problem in the countries in
transition, although their intensity varies.
Unemployment and inflation are major con-
tributors to falling standards of living and
growing poverty in large segments of the
population.

Economic and social trends in the CCEE
and NIS have been less favourable than en-
visaged. The accumulated development
needs in practically every economic and so-
cial area, and the high external debt burden
of most of these countries, have created
enormous and increasing needs for re-
sources. Domestic sources can supply only
part of these resources, so external financing
is regarded as very important.

It is now widely recognized that, despite
the differences between countries, the transi-
tion processes will stretch far into the future.
In addition, the countries in transition will
seek much more international assistance for
a longer time than originally envisaged
[10,11].

The transformation process offers possi-
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bilities to build environment and health
needs into the overall adjustment pro-
grammes. All the CCEE and NIS have put
the correction of the underlying causes of en-
vironmental degradation somewhere on the
political agenda. The proper assignment of
priorities is of enormous importance, par-
ticularly in view of the general lack of re-
sources. Reducing the immediate threats to
health and improving environmental health
management, while supporting and influenc-
ing economic transformation, should be vital
issues in these countries.

Making quantifiable improvements in en-
vironmental health in the CCEE and NIS is
not an easy task. To counterbalance both the
accumulated problems and recent negative
experiences, the Environmental Action Pro-
gramme for Central and Eastern Europe,
adopted at the ministerial conference in Lu-
cerne in April 1993, covers both the elimin-
ation of the most urgent environmental prob-
lems and the integration of environmental
concerns into economic decision-making in
the Region [12]. Box 1.1 summarizes the
main messages of the plan.

1.3.1 Some trends

While making a reliable long-term forecast
about economic trends in the Region is still
very difficult, important tendencies suggest
the basic path that economic progress may
follow [14].

• The transition to a more complex and less
predictable “world political and economic
order” will continue and the leadership
role of some countries and groups of
countries will increase.

• Differences within and between countries
and groups of countries will continue to
be important factors in international
politics and economics, requiring the in-
troduction of special mechanisms to elim-
inate the most serious problems and re-
duce inequalities.

• The economy as such will play an even
bigger role than at present, as military sol-
utions for all kinds of problems become
less feasible.

1.3 An Outlook for the Future

Box 1.1: Environmental Action Programme for Central and Eastern Europe

The Programme describes the necessary policy reforms and the short- as well as the long-
er-term investment priorities. It forecasts that in the long term, market reforms – es-
pecially industrial restructuring – together with appropriate environmental measures will
take care of a large part of the emissions causing health and economic damage in the Re-
gion. Alternative sources of employment have to be found, however, for workers in ineffic-
ient and polluting industries, which need to be closed.

In the short term, strict sequencing and prioritization of tasks are necessary and invest-
ments should address the most serious health problems. Measures to deal with problems
particular to different countries should be ensured, as should support to reinforce and ac-
celerate environmental investments by enterprises in response to environmental policies,
expenditures for the operation, maintenance, repair and rehabilitation of existing public
environmental services, as well as for “win-win” types (both economically and environ-
mentally beneficial) of investment and for institution building.

The Programme describes the main regional and global environmental concerns, the
institutional prerequisites to support policies, and the suggested process, means and
mechanisms for implementation.

Source: World Bank [13].
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• The need for more sustainable develop-
ment will be greater as resources become
depleted, environments polluted and envi-
ronmental consciousness enhanced. Such
development requires substantial changes
in production and consumption patterns,
as well as measures to control and elimin-
ate pollution.

• Rapid development in science and tech-
nology will continue to create possibilities
for new solutions, and sometimes new
concerns. Technological improvements
will result in major shifts in the economy
and the structure of employment.

• Energy consumption will increase further,
and energy conservation and efficiency
will play a much greater role than at pres-
ent. Biotechnology will continue to de-
velop and require extensive policy and
legal responses. With the further develop-
ment of microelectronics, the role of com-
munication networks will be very import-
ant.

• There is little ground for assuming that the
rate of economic growth in the Region
will substantially increase in the short
term; unemployment and growing social
problems are expected to continue to be
associated with development in the long
term.

• The free movement of labour, goods, ser-
vices and capital investments will be grad-
ually established inside the European
Union (EU); economic growth, unemploy-
ment and widening of the Union will be
the main issues facing EU countries and
institutions.

• Decentralization to the local level – with
serious problems, however, in reorganiz-
ing political and economic power struc-
tures, as well as in creating local capacities
– will continue and have an important im-
pact on social policies.

1.3.2 Some scenarios

Various scenarios have been prepared for
economic and environmental development.
The most recent, which attempt to describe

the main features of economic and environ-
mental development in Europe from 1990 to
2010, come from the National Institute of
Public Health and Environmental Protection
(RIVM) in the Netherlands, and are entitled
Globe I and Globe II [15]. They are based
on a number of other forecasts, such as the
“conventional wisdom” (used in Globe I)
and the “high prices” scenarios (used in
Globe II) of the Commission of the Euro-
pean Communities; the “overall economic
projections” of the United Nations Econ-
omic Commission for Europe; and the “busi-
ness as usual” (Globe I) and the “accelerated
policies” (Globe II) scenarios of the Inter-
governmental Panel on Climate Change.
Other projections on long-term trends were
taken into account; these included the impli-
cations of the different EU directives (Globe
I), and the recent proposals for restructuring
EU agriculture (Globe II), the Montreal
Protocol on Substances that Deplete the
Ozone Layer (Globe I) and its London
amendments (Globe II), and others.

Globe I is based on more conservative
views of future political and socioeconomic
development, and simply extrapolates pres-
ent trends. Globe II, while being fully feas-
ible, assumes the implementation of the best
policy options, the use of the best available
technology and full international cooper-
ation. Globe I predicts a 50% increase in
GDP in all the CCEE and NIS and in Turkey
between 1990 and 2010, while Globe II pre-
dicts a 90% increase. Both predict that GDP
in western Europe will grow by 70% in this
period. The GDP per head in the CCEE and
NIS is predicted to grow from 3300 ECU to
4400 (Globe I) or 5600 ECU (Globe II).
Both forecast growth in GDP per head from
6700 to 10 800 ECU.

Energy production, transport, trans-
formation and use are important contribu-
tors to socioeconomic development and thus

1.4 Energy
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to health, although they may also result in
the depletion of natural resources, environ-
mental degradation and health impairment.
The environmental and health effects of the
energy sector may be exacerbated in the fu-
ture, as energy demand is rising, but con-
comitant improvements in energy conser-
vation and efficiency may slow this trend.

1.4.1 Indicators and trends

Table 1.6 shows that the 40 greatest pro-
ducers of energy in 1989 included 13 coun-
tries of the WHO European Region, while
the 40 greatest energy consumers included
20 European countries. In addition, Euro-
pean Member States comprise half of the 30
countries with the greatest energy consump-
tion per head of population [3].

In the period 1980–1991, the annual aver-
age growth rate in global energy consump-
tion was 3.8% in the countries with middle
incomes, but only 1.5% in the high income
countries. Table 1.7 shows the annual aver-
age growth rates for some European coun-

tries between 1980 and 1991. Many of the in-
dustrialized countries of the world reduced
the energy intensity per unit of economic
output. In the Federal Republic of Germany,
for example, GNP increased by 60% be-
tween 1970 and 1990, while primary energy
consumption grew by only 16% and
emissions of most air pollutants declined
(Fig. 1.1).

Energy balances and indicators of energy
production and consumption in the EU,
CCEE and NIS suggest significant differ-
ences. Fig. 1.2 shows the actual and pro-
jected changes in final energy consumption
(that is, consumption of primary and sec-
ondary energy by end-use sectors: industry,
households, transport, services and agricul-
ture) in these three groups of countries be-
tween 1985 and 2005. The trends in the
CCEE and NIS, however, depend on the
pace of economic recovery and the nature of
development. Fig. 1.3 shows the actual and
projected changes in energy production.

The major energy sources currently used
in western Europe and the CCEE are oil and

Table 1.6: Ranking of WHO European Member States among the 40 greatest producers and consumers of
energy in the world, 1989
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coal, respectively; the main fuels in the NIS
are oil and gas. The NIS have large resources
of natural gas, oil and coal. For example, the
known resources of natural gas in the Rus-
sian Federation will last about 60 years at

current rates of production. The greatest in-
crease in consumption in the NIS is pre-
dicted to be in gas [18]. Coal consumption is
predicted to decrease in western Europe,
with increases in the use of other fuels. In-

Table 1.7: Energy production and consumption in some countries of the WHO European Region

Fig. 1.1: Trends in economic growth, primary energy consumption and emissions in the Federal Republic of
Germany, 1970–1990
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digenous coal is unlikely to be displaced as
the major source of energy in the CCEE.
Fig. 1.4–1.9 inclusive show the actual and
projected structures of energy production
and consumption in the EU, CCEE and
former USSR.

The rises in the price of oil in 1973 and
1979 profoundly affected energy demand in
western European countries. These coun-
tries responded with structural changes in

their energy sectors, primarily increasing
energy efficiency and reducing dependence
on imported oil [19]. Nuclear power is now
on the decline in western Europe, owing to
concerns about capital costs, the risks of ac-
cidents and the problems of the disposal of
high-level radioactive waste. The share of re-
newable energy (from sources such as the
sun, wind and biomass) has increased, par-
ticularly in Scandinavia.

Fig. 1.2: Actual and projected changes in total final energy consumption in the CCEE, EU and NIS, 1985–2005

Fig. 1.3: Actual and projected changes in energy production in the CCEE, EU and NIS, 1985–2005
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Fig. 1.4: Actual and projected structure of energy production in the EU, 1985–2005

Fig. 1.5: Actual and projected structure of energy production in the CCEE, 1985–2005
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Fig. 1.6: Actual and projected structure of energy production in the former USSR, 1985–2005

Fig. 1.7: Actual and projected structure of final energy consumption in the EU, 1985–2005
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In the 1990s, the trend towards improv-
ing energy efficiency in conversion and in in-
dustrial and domestic use is likely to con-
tinue. In addition, many countries in the Re-
gion are beginning to adjust their energy pol-

icies to discourage the use of fuels that emit
greenhouse gases. For instance, Germany
has undertaken to cut carbon dioxide
emissions by 25% by the year 2005, and
many other countries will cut emissions or

Fig. 1.8: Actual and projected structure of final energy consumption in the CCEE, 1985–2005

Fig. 1.9: Actual and projected structure of final energy consumption in the former USSR, 1985–2005
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stabilize them at 1990 levels [20]. These pol-
icies are likely to lead to an increased use of
natural gas and renewable sources.

Belgium, France and Switzerland produce
over 60% of their electricity from nuclear
power, but in other western European coun-
tries where nuclear energy is used its share is
much smaller. Hydropower currently ac-
counts for some 12% of total EU electricity
production, and this percentage share is
likely to be maintained [21]. The contribu-
tion of renewable sources is small, although
the economics of these sources is increas-
ingly favourable. Their unit costs will under-
cut those of other fuels and thus make them
competitive only in the long term.

Until the late 1980s, Soviet-produced fuels
dominated energy supply and demand in the
CCEE. Since then, however, these countries
have had to pay hard currency for their
energy imports. The countries rely heavily
on domestically produced (sulfur-rich) coal.
This is the most important energy source in
Bulgaria, the Czech Republic, Poland and
Slovakia. The share of coal in the CCEE is
more than three times that in western Euro-
pean countries [17].

The former USSR did not really feel the
shocks of the rises in oil prices in the 1970s
because of its self-sufficiency in energy; it
was the world’s largest producer of oil and
gas. Consequently, energy consumption pat-
terns continued almost unchanged until the
late 1980s.

Soviet energy policy focused on coal pro-
duction until the late 1970s, when it shifted
to oil, and then moved towards gas when oil
production levelled off in the 1980s [22].
Coal accounts for nearly half of the domestic
consumption in the CCEE, while indigenous
supplies of natural gas account for 52% of
domestic energy consumption in the NIS
[23].

Among the most important predicted
trends in the European Region is the in-
crease in the use of gas, particularly in west-
ern countries and the NIS. These countries
are shifting to gas from coal as part of an at-
tempt to meet targets for emissions of green-
house gases, and to diversify supplies of

energy. The NIS have vast natural reserves of
gas to exploit. The CCEE, however, have
neither the economic nor the natural re-
sources to be able to diversify energy supply.
Although expected to use more gas, the
CCEE will not do so to the same extent as
western Europe and the NIS.

The amount of energy needed to produce
a unit of economic output (energy intensity)
is changing. In most countries belonging to
the Organisation for Economic Co-operation
and Development (OECD) the ratio of fuel
use to GNP (or GDP) fell by about one
quarter in the past decade. This has been in-
terpreted as indicating an increase in the
energy efficiency of the economic systems. It
has been suggested that much greater in-
creases can be secured, so that a sustainable
energy supply can be achieved without any
basic changes in lifestyle or population, for
example. It seems more likely, however, that
a change in behaviour towards more careful
use of energy will also be required; energy
conservation will be needed, as well as
energy efficiency.

Conserving energy and increasing energy
efficiency are crucial economic and environ-
mental health issues in all countries of the
Region, but particularly in the economies in
transition. Incentives for improved energy ef-
ficiency are needed, as is investment in effi-
cient production. More efficient technology
and more strictly enforced standards, as well
as incentives, are essential for success. The
establishment of international infrastruc-
tures (such as pipelines and power lines) will
help to encourage fuel competition, allow
the export and import of energy, and facili-
tate the use of available productive capac-
ities during peak periods or emergencies.

According to the Globe I scenario, the use
of energy in Europe will increase by 44% be-
tween 1990 and 2010 [15]. The increase is to
be lower (25%) in the western countries and
higher (55%) in eastern ones. Considerable
growth in the use of fossil fuels is predicted.
The share of other fuels is predicted to in-
crease slowly from 14% in 1990 to 16% in
2010. The use of nuclear energy is estimated
to increase by about 45%. As 29 of the 36
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nuclear power plants under construction in
Europe in 1991 were in the CCEE and NIS,
these countries will account for most of the
increase. Energy intensities in various parts
of Europe will continue to differ substan-
tially. According to Globe I, the use of
energy per unit of GDP will be more than
twice as high in the eastern than in the west-
ern countries of the WHO European Region.

According to the Globe II scenario, only a
slight increase in total energy use (4%) is ex-
pected [15]. Much attention will be paid to
energy conservation, and to the use of ener-
gy-efficient installations in all sectors. The
overall use of fossil energy in Europe will de-
crease by 10%. This will result from growth
in the use of renewable energy sources such
as the sun, wind, water and biomass.

Industrialization is a major component of
economic development and related improve-
ments in the quality of life, but it carries the
potential for environmental degradation.
Many decisions in the industrial sector affect
environmental health. Inappropriate choices
can lead to environmental consequences

1.5 Industry

that may offset many of the benefits of indus-
trialization.

1.5.1 Indicators and trends

Member States of the WHO European Re-
gion comprised 21 of the 40 countries with
the largest industrial output in the world in
1989, and about half of the 20 countries with
the largest output of chemicals, machinery
and transport equipment, and processed
food in 1990 (Table 1.8). Between 1980 and
1991, the average rate of annual industrial
growth in the Region ranged from –1.6% in
Hungary to 6.0% in Turkey [1]. From 1965
to 1989, Turkey was the only European
Member State among the 20 countries of the
world with the highest average annual indus-
trial growth, and the Federal Republic of
Germany and the Netherlands were among
the 20 countries with the lowest growth [3].

Industrial production in the EU has been
projected to grow by nearly 55% from 1985
to 2005, but by only about 35% from 1990 to
2005 (Fig. 1.10). The annual average percen-
tage change was 2.9% in 1986–1990, and is
projected at 1.9% in 1991–1995, 2.3% in
1996–2000 and 1.8% in 200l–2005. These
trends indicate rather moderate industrial
growth [17].

Fig. 1.10: Actual and projected growth of industrial production in the EU, 1985–2005
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The period 1989–1992 saw not only re-
cession in most of the Region’s countries but
also a drastic decrease in the economic out-
put of the countries in transition. Table 1.9
shows the decline in net material product

and industrial output in some of the CCEE
and NIS in 1990–1992. The CCEE as a
whole showed decreases in net material
product of 9.9%, 14.4% and 10% in 1990,
1991 and 1992, respectively. The decreases

Table 1.9: Percentage annual change in the net material product and in industrial production in some of the
CCEE and NIS, 1990–1992

Table 1.10: Changes and structure of industrial output (at comparable prices) in Hungary, 1991/1992
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in industrial output were even greater:
15.2%, 19.6% and 11.8%. In the CCEE as a
whole, industrial output fell over 40% from
1989 to 1992; some countries had a lower in-
dustrial output in 1992 than in 1975 [9].

As Table 1.9 shows, trends in the NIS are
similar, although showing some delays.

Metallurgy, mining and engineering have
been affected most, with light industry and
some food processing industries also heavily
depressed. Construction output has fallen
less than that of industry. Table 1.10 indi-
cates these processes, using the example of
Hungary.

The structure of industry is an important
indicator of both the stage of development
and of environmental impact. The structures
of industry in the western countries of the
Region and the CCEE and NIS differ widely.
After the Second World War large, energy-
and resource-intensive sectors such as metal-
lurgy, coal mining, construction materials
and power production dominated the indus-
trial development of the CCEE and NIS.
The types of fuel and the mostly outdated,
ineffective technologies used led to consider-
able environmental pollution and serious
threats to human health. The western econ-
omic pattern, however, changed consider-
ably in recent decades, relying increasingly
on cleaner sectors and service-type indus-
tries.

An important feature of the current struc-
tural changes in the CCEE and NIS is the
growing share of small economic entities.
The share of those employing fewer than 50
people has increased in all the countries. In
1992, for example, small organizations in
Hungary doubled their 1991 industrial out-
put and more than doubled their share in
total industrial output (from 6.4% in 1991 to
14% in 1992). In 1992, however, 20% of in-
dustrial organizations with more than 50
staff employed about 86% of industrial
workers and produced 86% of the industrial
output and 93% of exports [24].

Light, labour-intensive industries (such as
textiles, clothing and footwear) are expected
to remain highly important in the European
Region. They contribute nearly 4% of the

GDP and provide some 2.5 million jobs in
the EU [25]. These sectors have special im-
portance in the southern countries of the Re-
gion, and the low cost of labour and factories
in the CCEE and NIS provide good chances
for their development as well.

The high-technology sectors are growing
in the more developed parts of the Region.
The electronics and information technology
industry contributes about 5% of the GDP
of the EU. Its growth rate was high in the
1980s and this trend is expected to continue.
By the end of the 1990s, this industry
doubled its share of the GDP and thus is ex-
pected to outstrip such major industries as
chemicals and cars [25]. The chemical in-
dustry, however, remains a major, prosper-
ous industry in the Region, mostly in the
more developed countries. The iron and
steel industry will be increasingly influenced
by resource economy efforts, that is, more ef-
ficient use of its products. Major restructur-
ing and partial reconstruction of these indus-
tries is expected in the CCEE and NIS in the
long term.

In recent years, industrial decision-makers
have strongly shifted their policy towards the
protection of the environment. They no
longer see this goal solely as a hindrance to
the growth of production. The most notice-
able developments are taking place in the
western countries of the Region, with an in-
creased focus on environmental manage-
ment and auditing, instigated both by regu-
lations and by commercial competition for
consumers with a greater awareness of envi-
ronmental issues.

The ways in which agriculture meets the
population’s demand for food have changed
greatly over the last few decades, and change
continues. The difficulties in providing suffi-
cient food in Europe in the period following
the end of the Second World War led to pro-
found changes in countries’ agricultural pol-

1.6 Agriculture
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icies. Farmers were encouraged to adopt dif-
ferent practices that would raise food pro-
duction. In the western countries, this had
impressive results. Farm output increased
rapidly and clear signs that supply was out-
stripping demand appeared by the late
1960s. Countries then adopted different
measures to limit production. For example,
milk quota restrictions were introduced in
Finland; in 1968, the European Community
Mansholt plan proposed a range of measures
aimed at checking farm output. In contrast,
food production in most of the eastern coun-
tries of the Region remained in deficit.

1.6.1 Indicators and trends

Between 1980 and 1991, the average annual
rate of agricultural growth in the Region
ranged from –2.5% in Bulgaria to 3.71% in
the Netherlands, with a world average of
2.6%. In 1991, the share of agriculture in the
GDP ranged from 1–2% in Belgium and
Germany (excluding the eastern Länder) to
20% in Latvia and Lithuania [1]. With the
exception of a few countries, this share has
significantly decreased worldwide in the last
20 years.

Of all the economic sectors in the Euro-
pean Region, agriculture is one of the most
heterogeneous. For example, farms vary
widely in size. The EU (excluding the former
German Democratic Republic) had about
8.2 million farms in 1989–1990; 7% were
larger than 50 ha and 60% were smaller than
5 ha. The average farm size was 4.0 ha in
Greece and 68.0 ha in the United Kingdom;
there are few data for the eastern countries
of the Region [26].

Table 1.11 summarizes some of the im-
portant characteristics of and changes in ag-
riculture in the CCEE, the former USSR and
the other countries of the Region during
1977–1990. The former USSR had by far the
most agricultural land both in absolute terms
and per head of population, and the CCEE
the highest percentage of irrigated land [19].

Between 1978 and 1990, total agricultural
production increased by about 15% in the

USSR, 9% in the western countries of the
Region and 8% in the CCEE. Agricultural
production per head in this period increased
by just over 5.3% in the western countries,
5.0% in the USSR and 2.5% in the CCEE
[19]. This is due in part to increasing yields
from intensive farming techniques and in-
creased fertilizer use, and partly to slower
population growth.

The much greater use of agrochemicals,
particularly fertilizers and pesticides, has
been one of the most important factors in in-
creasing food production in the Region. Ni-
trogenous fertilizer use has increased by an
average of 68% over the last 20 years, while
the use of phosphate fertilizers has remained
fairly constant at an average of 22 kg/ha
[19]. The use of fertilizer in the Region rose
steadily up to 1970 but began to level off to-
wards the end of the 1980s, except in the
NIS. Pesticide use has also been critical to
the success of raising the yields of European
agriculture. Pesticides have been developed
and used largely within the last 30–40 years,
and the industry has introduced a succession
of more sophisticated and effective products
[19].

The demands on the agricultural sector
are likely to continue to increase, particu-
larly in some of the CCEE and NIS. Atti-
tudes towards agriculture are changing pro-
foundly, as criticism of both its costs and its
environmental impact increases. Such criti-
cism applies to animal husbandry, as well as
the use of agrochemicals and other prac-
tices.

According to the Globe I scenario, the
land devoted to agriculture will decrease by
l% in the CCEE and NIS and by 8% in the
rest of the Region between 1990 and 2010,
while pesticide use will remain constant. The
number of livestock will rise by 28% in the
Region, and the amount of nitrogenous
manure will increase by 2% in the CCEE
and NIS and by 5% in the other countries.
The use of nitrogenous fertilizer is predicted
to increase sharply: by 45% in the CCEE
and NIS and by 19% in the other countries
[15].

The Globe II scenario paints a rather dif-
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ferent picture, predicting a decrease of 15%
in agricultural land in the western half of the
Region and the doubling of pesticide use in
the Region as a whole. It indicates a smaller
increase in livestock (15%) than the Globe I
scenario and a 15% decrease in manure.
While a 5% increase in nitrogenous fertilizer
use is predicted for the CCEE and NIS, the
rest of the Region will reduce its use of ferti-
lizers by 10% [15].

The transport of freight and passengers is a
vital and rapidly growing component of a
country’s economy. The state of develop-
ment of this sector reflects the level of econ-
omic activity, and its volume and structure.
Different modes of transport are used to sat-
isfy different demands and market needs.
Their services and costs, together with their
unique range of environmental health ef-
fects, constitute a major issue in government
policies aiming at sustainable development.

1.7.1 Indicators and trends

The 30 countries of the world with the most
crowded roads in 1988–1990 included 17
European Member States (Table 1.12).
Seven Member States are found among the
20 countries worldwide with the largest
numbers of people injured in traffic acci-
dents (Table 1.13).

Roads have increasingly become the most
important traffic medium in the Region; on
the whole, the use of the railway network is
decreasing, despite the addition of new
routes. The number of cars in the Region in-
creased by 20–30% between 1980 and 1988.
In 1980, there was about one car for every
four people in the European Community; in
1988, the ratio was closer to one for every
three. In general, cars in the CCEE and NIS
are old and poorly maintained; many have
highly polluting two-stroke engines [18,27].

1.7 Transport

The share of road transport is, however,
lower than in the west.

The people or goods transported every
year by various means are estimated in pas-
senger-km or tonne-km. Public transport
shows significantly lower emission levels per
passenger-km than private cars. In addition,
the increased use of rail transport would lead
to even lower emissions.

Transport, particularly road transport, is
one of the fastest growing markets for energy
use in the European Region [17]. In 1989,
transport’s share of total energy consump-
tion was 22% for the Region as a whole:
nearly 32% in European Community coun-
tries and 12.6% in the CCEE [18]. Oilpro-
ducts account for 98% of all transport
energy needs, and road transport is respon-
sible for 80% of this amount. In the Euro-
pean Community in 1990, fuel consumption
by the transport sector was roughly split be-
tween passenger transport (40%) and goods
transport (60%) [28].

Bottlenecks have been predicted in the
major European traffic corridors by the year
2000 if road traffic increases by more than
1.1–1.3% per year. At present, road traffic is
increasing much faster; the annual rate of
growth could reach 2.8% for goods and 2.9%
for passengers between 1985 and 2000 [29].
Benefits from increased fuel efficiency and
reduced pollutant emissions have to be as-
sessed in the context of increasing numbers
of vehicles.

The number of cars is growing faster than
the population. A sharp rise in vehicular traf-
fic and in the long-range transport of goods
is predicted for many countries. Between
1991 and 2010, individual vehicular trans-
port will rise by more than 10% in western
Germany, and nearly double in eastern Ger-
many. Long-distance goods transport by
road is predicted to grow by some 70% in
Germany as a whole, with around 40%
growth in the western Länder and nearly
fivefold growth in the eastern Länder [16].

Estimates of the future numbers and use
of cars and lorries have been based on cur-
rent relationships with GDP and population.
Global scenarios predict a considerable in-
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crease in the use of cars and lorries in the
European Region for the period 1990–2010.
The number of passenger cars is forecast to
increase by 54% (from about 191 million in
1990 to about 294 million in 2010) and pas-
senger-km by 55%. For lorries, an increase of
41% in tonne-km is expected over this peri-
od. The use of other means of transport is

also predicted to increase: rail freight by
29% and the number of air passengers by
77% [15].

Tables 1.14 and 1.15 compare the passen-
ger traffic and goods transport patterns in
western and eastern Germany in 1990. The
differences point to the possible scenarios
for the future development of transport in

Table 1.12: Ranking of WHO European Member States among the 30 countries with the most crowded and the
most used road networks, 1988–1990

Table 1.13: Ranking of WHO European Member States among the 20 countries with the largest numbers of
people injured in road traffic accidents, 1988–1990
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the CCEE and NIS, and present a major
challenge for transport policies in eastern
European countries. To follow the typical
pattern of western countries, with predomi-
nance of road and private transportation,
would have an enormous adverse impact on
the environment; reducing road transport in-
tensity and maintaining (or even increasing)
present shares of public road transportation
and the railways could benefit environment
and health.

Tourism has become one of the most import-
ant economic sectors in the European Re-
gion, both for employment and contribution

1.8 Tourism

to GDP, and as a major item of consumer de-
mand. More than any other industry, tour-
ism depends for its success on the quality of
the natural and built environment. Tourism
can bring economic benefits; in many areas
it is the greatest economic activity and
source of employment. By its very nature,
however, it may also have adverse effects on
the environment and so jeopardize its own
future development.

1.8.1 Indicators and trends

Worldwide, tourism almost tripled between
1970 and 1990, growing at nearly 5% per
year. It is the third most important item in
world trade, surpassed only by oil and motor
vehicles. The number of tourist arrivals in
Europe increased from 190 million in 1980

Table 1.14: Passenger traffic in western and eastern Germany, 1990

Table 1.15: Transport of goods in western and eastern Germany, 1990
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to 288 million in 1992, with an average an-
nual growth rate of over 3.5% and account-
ing for some 60% of the total worldwide
[26,30]. Countries of the WHO European
Region comprise 20 of the 40 in the world
with the most tourist arrivals [3]. Table 1.16
shows the actual and projected international
tourist arrivals in Europe.

Most of the northern and western Euro-
pean countries are net spenders on tourism;
others, including a number of Mediterra-
nean countries, Austria, Ireland and Switzer-
land, are net earners from tourism. Tourism
makes a major contribution to GDP (be-
tween 3.1% and 7.3% in 1990) in Austria,
Greece, Portugal, Spain, Switzerland and
Turkey. In countries such as France and Italy
the contribution is below 3% of GDP.

Few data are available on the contribution
of tourism to economies in the CCEE; it has
so far been geared to low-budget mass tour-
ism from within this group of countries and
has accounted for less than 1% of GDP. In
Hungary, however, tourism accounts for
some 3% of GDP; in 1992, it produced a sur-
plus of US $590 million from a revenue of
more than US $1.2 billion. This consider-
ably contributed to the surplus in the current
account of the country [24].

The vast majority of tourism in the EU still
focuses on the coast of the Mediterranean
Sea; this accounts for 35% of total inter-
national tourism and is the most important
tourist destination in the world. The number
of tourists to the Mediterranean tripled from
54 million to 157 million between 1970 and
1990, and grew sixfold in some countries

such as Greece [26]. The major destinations
are the coasts of Spain, the Balearic Islands,
southern France, Liguria and the northern
part of the Italian Adriatic coast and Sicily.
Other popular areas include Cyprus, Israel,
Malta and Turkey, and account for most of
the remaining tourist arrivals. In northern
Europe, parts of the French and Belgian At-
lantic seaboard and resorts in the Nether-
lands and the United Kingdom attract large
numbers of tourists [31].

In addition, sporting holidays of all types
have grown, but the most popular activities
are skiing and winter sports. The majority of
ski tourism concentrates in the Alps, which
also receive about an equal number of
summer tourists.

A number of factors will determine the fu-
ture demand for tourism; national and re-
gional economic trends are probably the
most important of these. Tourism growth
rates are predicted to increase in the
mid-1990s as a result of the end of the Cold
War, the addition of CCEE tourism, and the
effect of the single European market [31].
Once the recession that began in the early
1990s is over, consumer purchasing power is
expected to increase and tourism expendi-
ture to account for an increasing proportion
of discretionary spending. The World Tour-
ism Organization, OECD and other organiz-
ations expect that current tourism growth
rates will continue, averaging about 3.4% per
year in the 1990s and reaching 380 million
arrivals per year in Europe by 2000. Annual
average growth rates are expected to be over
6% per year between 1995 and 2000 [26,31].

Table 1.16: Actual and projected international tourist arrivals in Europe, excluding the NIS, 1990–2000
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In the CCEE, growth rates may be higher
still, as well managed tourism is seen as a
major focus of economic recovery. Tourism
is undoubtedly one of the sectors likely to
see substantial development in these coun-
tries. If well planned, it can bring substantial
income to local populations, while preserv-
ing the beauty and diversity of the environ-
ment.

It has been predicted that the number of
tourists visiting the Mediterranean coast will
double to between 260 and 320 million by
2000 [30,32]. This is expected to be accom-
panied by a doubling of resident populations
in Mediterranean cities, partly as a result of
the building of retirement and second
homes. While some 90% of all this growth is
expected to be in EU countries, some evi-
dence suggests a trend away from passive
“sun and sea” holidays in Europe, with an in-
crease in longer, more active holidays in dis-
tant countries [30,32]. In addition, factors
such as the poor environmental state of part
of the Mediterranean coast, rising prices and
the recession suggest that the predicted
growth rates may not be achieved.

Other major factors are expected to con-
tribute to increased tourism in all the coun-
tries of the European Region. The first of
these is increased leisure time. Although an-
nual leave entitlement is unlikely to increase
in Europe, or in Japan or the United States
(which supply the two major non-European
tourist populations), the length of the work-
ing week is expected to decrease; this will
lead to more short breaks and domestic tour-
ism. The second is demographic change, par-
ticularly the increasing number of retired
people with an acquired taste for travel,
better health and higher pensions than in the
past (at least in western Europe). Social fac-
tors are also relevant; for example higher fe-
male work participation rates and trends to-
wards later marriage mean that many young
couples have higher disposable incomes. An
increasing interest in education, the environ-
ment and different cultures is leading to a
growing interest in more environmentally
sensitive types of tourism. Finally, reduc-
tions in the cost of travel, improved conti-

nental transport links and increased access
to private transport, particularly in the
CCEE and southern European countries,
are leading to more European travel. Large
numbers of people from the CCEE already
visit the Mediterranean, and many western
Europeans visit the historic cities of the east-
ern countries of the Region.

More than any other industry, tourism
depends on the quality of the human and
natural environment and resources for its
continued success. The paradox of tourism is
that, as countries or particular resort areas
attract mass tourism, the resulting adverse
impact on the environment may undermine
future earnings from that source unless care-
ful planning and management of resources
makes development of tourism sustainable.

Planned urbanization involves the provision
of housing, water, sanitation, transport,
energy for heat and light, and waste collec-
tion and disposal facilities. In addition, a
range of cultural and commercial services
and facilities, such as hospitals, schools, re-
tail centres, offices and urban industries, is
required.

Between 1960 and 1991, urban population
levels grew by 0.9% per year in the European
Community, by 1.2% in the Nordic countries
and by 2.0% in the CCEE and the former
USSR. As a result, the proportion of the
population living in urban areas rose in this
period from 70% to 79% in the Community,
from 61% to 78% in the Nordic countries
and from 46% to 64% in the CCEE and the
former USSR [4]. The environmental, social
and health effects of this trend can be enor-
mous. The major problem is that the level of
urban growth in many places has outstripped
the capacity of municipal authorities to pro-
vide the necessary utilities and facilities. This
problem is particularly severe in areas of the
Region suffering from war or civil unrest;

1.9 Urban Development
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thousands of refugees from conflict are seek-
ing shelter in towns that now lack basic util-
ities and facilities.

1.9.1 Indicators and trends

In 1990, 45% of the world’s population (2.4
billion people) lived in urban areas [5].
Rapid urbanization is particularly important
in developing countries, but urban settle-
ments can also be expected to grow in some

parts of the European Region, and the
number of large towns will continue to rise.
In addition, international migration has re-
cently become widespread, and concern
about illegal migration has grown consider-
ably.

The populations of the European OECD
countries, the CCEE and the NIS have more
than doubled in the last 100 years, from
around 500 million to over 1.2 billion. The
urban population of these countries rose
from around 120 million to 1 billion. All

Fig. 1.11: Percentage of urban population in selected countries of the WHO European Region in 1960 and in
1991 and its forecast in the year 2000
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countries have, therefore, undergone a fun-
damental urbanization; the changes in most
OECD countries, however, took place out-
side the major cities [33,34].

In 1950, with the exception of the German
Democratic Republic, all the central and
eastern countries in the Region were pre-
dominantly rural nations. By 1980, all but
Albania, Portugal, Turkey and the former Yu-
goslavia had almost half of their populations
in urban centres [33,34]. (See also Chapter
14.) Fig. 1.11 shows the growth of urban
populations in the Region. In Belgium, Ice-
land, Israel, the Netherlands and the United
Kingdom, around 90% of the population live
in urban areas. In 1991, the figure for the
world as a whole was 44%, and western
European populations were more urbanized
than those in the eastern part of the Region;
the average figures for the European OECD
countries and the European Community
were 77% and 79%, respectively, in contrast
to 64% for the CCEE and USSR. The urban
population in the CCEE and NIS is ex-
pected to grow to 67 % by the year 2000 [4].

The urban population is expected to con-
tinue to increase worldwide. The trend to-
wards urbanization will be stronger in the
less developed parts of the world than in the
more developed, with rather large differ-
ences between more developed areas and
countries [5]. The trend towards urbaniz-
ation affects the trends in the economic sec-
tors already described. As urbanization in-
creases, so do the pressures on agriculture,
energy, industry, transport and the environ-
ment.

The WHO European Region is extremely
heterogeneous. The number of Member
States has increased substantially in recent
years, and their differences have become
more visible with the political and economic
changes they are undergoing.

Economic growth has considerably slowed

1.10 Conclusions

down in recent years in the developed mar-
ket economies, and an extremely sharp de-
cline in output has occurred in the econ-
omies in transition. The more optimistic,
early expectations of the possibilities af-
forded by the political changes in the CCEE
and the former USSR have had to be signifi-
cantly modified. It is now recognized that
transition is going to be a slower process,
and that international assistance must be
sought over a longer period and on a much
larger scale than originally envisaged.

To achieve quantifiable environmental
health improvements in the general circum-
stances of a transition, which is in many re-
spects aggressively profit motivated and
often on a short-term basis, is not an easy
task. Proper sequencing is of enormous im-
portance, especially with the present general
lack of resources. Reducing the immediate
threats to health – while at the same time
supporting and influencing economic trans-
formation by building environment and
health needs into development programmes
and improving management – should be
high on the national agenda and on those of
all relevant international organizations.

As economic growth is essential to human
development, the question as to whether the
economic sectors are able and willing to sup-
port a sustainable pattern of development
has become one of the most important in the
European Region.

The targets set by the United Nations
Conference on Environment and Develop-
ment require, in practice, a balanced use of
fuels with a decrease in the use of coal and
an increase in the use of gas. Factors that
have to be considered in a country’s efforts
to reach these targets include: the natural
energy resources, the need to avoid too great
a dependence on imported oil, and public
concern in some countries about nuclear
power. Against this background, different
scenarios are developing in the different
parts of the European Region. Common
requirements for sustainable development in
the Region, however, are substantial changes
in production and consumption patterns.
Conserving energy and increasing energy ef-



References 61

ficiency are crucial economic and environ-
mental health issues in all Member States,
but particularly those with economies in
transition.

During the present period of recession
and transition from planned to market econ-
omies, it cannot yet be predicted to what ex-
tent the CCEE and NIS will follow the pat-
tern of the other industrialized countries of
the Region and move from traditional to ser-
vice industries. The pattern and scale of in-
dustrial activity are unlikely to change
greatly in western Europe in the next decade.
Smaller private economic entities, often with
foreign capital, are regarded as important
long-term elements of the economic struc-
tures in the Region.

Although agriculture is, in general, a
smaller economic sector in western Europe,
productivity is greater in these countries
than in the CCEE and NIS. Food shortages
in some of the CCEE and NIS mean that de-
mands on the agricultural sector are likely to
increase, and to be accompanied by the use
of more intensive farming practices.

The number of cars in the Region con-
tinues to rise (despite considerable popu-
lation stability) and a rapid increase will pre-
sumably take place in the CCEE and NIS
when the economic situation improves. Envi-
ronmental effects associated with road trans-
port are therefore likely to become more
widely prevalent in the European Region.
The vehicle stock in the CCEE and NIS
requires considerable improvement.

Tourism is expected to increase through-
out the Region, particularly in established
tourist areas such as the Mediterranean
coast and the Alps. Unfortunately, these
areas already show inadequacies in meeting
requirements for safe sewage disposal and
drinking-water supplies. In the CCEE, tour-
ism is undoubtedly one of the sectors likely
to see substantial development and is thus a
major focus of economic recovery.

The CCEE and NIS still show increasing
urbanization, whereas the trend seems to
have peaked in western Europe. Current
economic conditions encourage the flow to
towns of people searching for work, while

making it more difficult for municipalities to
provide the necessary housing and public
health services.
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Chapter 2
Environmental Health Management

The countries of the WHO European Region
vary widely, not only in geography and cul-
ture but also, and more importantly, in their
current social and economic conditions. As
a result, the countries also vary widely in
their perspective on environmental health is-
sues and in their environmental health ser-
vices. Some countries have well established
services that can trace their origins back 100
years or more, while others are only now de-
veloping services for environmental health
work.

Since the demise of the USSR, the inter-
national community has largely focused on
the environmental damage that the former
administrations bequeathed to the countries
of central and eastern Europe (CCEE) and
the newly independent states (NIS) of the
former USSR. Efforts have concentrated
mainly on assessing the problems in the
physical environment and setting priorities
for direct capital investment.

The breakdown of formerly strong econ-
omic alliances has affected environmental
conditions in the whole of the eastern part
of the Region. Without the aid of heavy sub-

2.1 Introduction
sidies and with the loss of previously reliable
trading partners, industrial production has
fallen, leading to the reduction of some
emissions of pollutants. This short-term re-
duction, however, will not necessarily con-
tinue when market forces are in operation.
Positive action is required to ensure that
lower levels of environmental contamination
are maintained. This can take the form of
laws and regulations, and may involve incen-
tive or disincentive policies.

Economic reforms will directly affect the
environment. The transition to a market
economy from one of centrally controlled
planning will lead to a broad change of atti-
tude and will give the CCEE the opportunity
to begin to reform business practices. The
waste of natural resources that has been
commonplace will, it is hoped, now be
heavily resisted; the removal of subsidies on
various commodities should provide a suffi-
ciently large incentive for the introduction of
more economical practices.

Again, however, the creation of a market
economy cannot, on its own, be assumed to
ensure improvement of the environment; a
mix of economic, social and regulatory re-
forms is required to create a comprehensive
strategy for control. Such a strategy can be
balanced, be adapted to changing circum-
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stances, and recognize the important needs
of economic growth while effectively con-
trolling environmental health problems. De-
veloping these strategies requires investment
in areas other than the direct financing of
capital programmes. Investment will also be
needed in education and in building institu-
tions. Environmental health policies and
strategies are of no value unless they can be
implemented and monitored by suitably
qualified and motivated personnel, situated
in appropriate institutions with the necess-
ary capabilities.

The policy of the WHO Regional Office
for Europe includes supporting the develop-
ment of environmental health services. To
this end, a survey was carried out during
1993 to assess the current level of provision
and to identify areas for development and
improvement. This work complements the
calls made through Agenda 21 [1], the Lu-
cerne Declaration [2] and Towards sustain-
ability [3] to improve institutional develop-
ment in environmental health.

In general, western European countries
have well established environmental health
policies and the appropriate institutions to
implement them. The eastern part of the Re-
gion may learn much from the other coun-
tries’ experience in this area, their successes
and failures and the means by which environ-
mental health policies and services can be
developed. Indeed, some of the southern
countries of the Region that are still develop-
ing environmental health services could pro-
vide invaluable examples for these countries
at the beginning of the process.

In 1989, WHO defined environmental
health as comprising those aspects of human
health and disease that are determined by
factors in the environment [4]. It also refers
to the theory and practice of assessing and
controlling environmental factors that have

2.2 Environmental Health
Services

the potential to affect health. This is a far-
reaching definition. To establish “environ-
mental health” in a country or region, gov-
ernments must set and then implement pol-
icies to control environmental factors. The
services needed to implement such policies
can be developed in a variety of ways, de-
pending on a number of social, economic
and cultural factors. This chapter describes
how environmental health services are pro-
vided in the European Region, and the essen-
tial components of their development.a

The policy that a country adopts to deal
with environmental health issues will reflect
its social and economic situation. All pol-
icies, however, require implementation and
monitoring, in which environmental health
services are a vital element. The services act
as the interface between  the policy-makers
and the economic sectors that are subject to
control by the policy. They also have a direct
relationship with the general public, in deal-
ing with complaints and concerns relating to
environmental health issues. Services must
therefore be appropriately targeted and re-
sponsive to public needs while representing
the views of the controlling authority,
whether at the local, regional or national
level.

Environmental health services are the cor-
nerstone of any policy dealing with environ-
mental or public health protection. They are
intended to carry out duties that facilitate
the implementation and monitoring of the
policy, and to ensure its effectiveness. More
specifically, they may be called upon to ad-
vise and educate members of the public and
the business community on compliance with
laws and standards on environmental health,
to enforce such laws and standards, and to
administer and monitor other services re-
lated to public or environmental health.

The range of subject areas covered under
the title of environmental health vary be-
tween countries; they are so diverse that no
single profession or institution can deal with
them all. Some professions or agencies may

a The information presented was gathered during a
series of WHO missions to countries.
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deal with many aspects of environmental
health and yet seek technical advice else-
where; or they may deal primarily with one
dimension of environmental health control,
such as the enforcement of laws, rather than
the direct provision of services to the public
or industry (Box 2.1).

Police officers are used to enforce environ-
mental health law on, for example, noise and
retail food sales in some countries of the Re-
gion. Their general knowledge of and experi-
ence in law enforcement can add to the auth-
ority of technically trained inspectors, but
their lack of technical knowledge can reduce
their credibility when collecting evidence or
giving evidence in court. Separating the ad-
visory and enforcement functions can have
the added advantage of creating effective
working relations between the environmental
health services inspector, acting as an ad-
viser, and an enterprise.

The example given above demonstrates
how environmental health services address
more than just a technical subject, such as
the control of air pollution or food. They
must deal with different aspects of the over-
all environmental health control strategy.
Some countries rely heavily on the services
of a single professional group, such as the en-

vironmental health officers in the United
Kingdom; they can be responsible for a great
many aspects of control enforcement, edu-
cation and other forms of policy adminis-
tration. No country in the European Region
can claim to operate a service that is totally
comprehensive and independent. The com-
prehensiveness of services obviously varies,
according to the traditions and evolution of
services in each country. In all cases, how-
ever, ensuring a comprehensive service
requires the development of strong intersec-
toral links between the various instruments
and institutions involved in formulating and
implementing policy.

The range and diversity of subject areas that
comprise the topic of environmental health
lead many people to advocate a multidiscipli-
nary approach to policy formulation and the
delivery of environmental health services.
Such an approach can ensure that a coherent
view is used to set priorities that will not con-
flict with those of other social and economic

2.3 Intersectorality

Box 2.1: Coastal protection in Greece

Greece has a coastline of about 16000 km, the longest in the European Union and one of
the longest national coastlines in the world. No part of the country is more than 100–
120 km from the sea, even at the northern borders.

The primary responsibility for the protection of the Greek environment, including the
coastal marine environment, lies with the Ministry of the Environment, Town Planning
and Public Works. The Ministry of the Merchant Marine, however, is responsible for deal-
ing with pollution incidents from ships or coastal industries, and for settlements discharg-
ing sewage directly to the sea. These problems are therefore the concern of the port auth-
orities or coastguard, a body with a status intermediate to that of the merchant marine
and the police, with the power to impose fines and prosecute polluters of coastal waters.

This divided responsibility and the lack of integration between the environmental and
merchant marine inspectorates lead to difficulties in implementing any national pollution
control strategy, while the length of the coastline makes it difficult to impose proper moni-
toring and controls. Without the appropriate implementation of existing legislation, illegal
practices almost certainly occur. The lack of appropriately trained and qualified enforce-
ment officers in the merchant marine inspectorates ensures the continuation of this situ-
ation.
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policies. In particular, the liaison between
environment and health ministries needs to
be strong when an environmental health ser-
vice is developed. Each ministry will un-
doubtedly have its own traditional role in re-
lated subject areas. To prevent the dupli-
cation of effort or the formulation of contra-
dictory policies, however, many countries
have realized that both ministries must work
closely at the national and local levels to de-
velop an intersectoral approach to environ-
mental health (Box 2.2).

Other countries have different mechan-
isms for liaison and communication between
ministries. These may be formal or may rely
on good will and personal contacts. Ob-
viously an informal mechanism is more
likely to fail as a result of personnel changes
or departmental restructuring. In many
smaller countries, however, informal links
between departments and sectors are widely
used and accepted.

Environmental health services are normally
delivered at the local or regional level, in re-
sponse to local or regional demands. In the
European Region, however, there are several
different systems of controlling the delivery
of services. While many countries have a
tradition of control through central plan-
ning, the trend in the Region is to shift deci-
sion-making power to regional and local ad-
ministrations. Many countries are attempt-
ing such a transfer, but in several cases the
necessary infrastructures are not yet in
place. The desire for quick reform has some-
times meant that power has been devolved to
the local level without the necessary means
or mechanisms to implement policies. This
can lead to frustration and disillusionment

2.4 Involvement at the Local
and Regional Levels

Box 2.2: Cooperation of ministries in Bulgaria

In Bulgaria, work on environmental health is changing greatly. Under the previous cen-
trally controlled administration, the ministries of health and of the environment viewed
their roles as separate and distinct. The Ministry of the Environment concentrated on en-
vironmental damage, without necessarily referring to health, while the Ministry of Health
concentrated on primary health care and various aspects of public health. Obviously, in
dealing with such closely related fields, the work of the two ministries sometimes over-
lapped. It was therefore wasteful of resources and sometimes counterproductive.

In recognition of the pitfalls of such a system, the Ministry of the Environment has es-
tablished a new institutional framework to deal more effectively with policy formulation
and environmental health service delivery. First, the Ministry has created a new policy
forum: an Interministerial Council with representatives from all the relevant ministries in
the Bulgarian Government. This intersectoral Council will advise on the best way forward
on environmental health issues, while keeping in mind the other social and economic
needs and policies of the country. Such an approach allows a realistic view of important
problems by examining issues as a whole rather than in isolation, and permitting strategic
preparatory planning instead of ad hoc responses to crises. To support the Council, and
to further develop an intersectoral approach to environmental health services, the Minis-
try of the Environment has established a unit dealing with ecological risk assessment. It is
to be headed by a medical doctor or a toxicologist, and will complement the unit in the
Ministry of Health that deals with health risk assessment.

With the Ministry of the Environment, the Ministry of Health has carried out environ-
mental monitoring since 1975. Both ministries have agreed to exchange information on
their regulatory activities related to environmental health. At present, most environmental
health problems are addressed jointly by the two ministries.
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in the local administration, and mistrust and
resentment in the population that the admin-
istration tries to serve.

In the CCEE and NIS the central adminis-
tration still controls many local services, and
vertical or “top down” controls are applied
to regional offices of the central ministries
(Fig. 2.1). Although these units are geared to
deliver services at the local level, they cannot
easily respond to particular local needs, and
they may not necessarily offer the service
that the local population wants or requires.

In this respect, municipalities can con-
tribute significantly to the appropriate provi-
sion of environmental health services. Mu-
nicipalities, controlled democratically by loc-
ally elected representatives, can give the
local population a sense of control and
ownership of the services provided. A cen-

trally formulated policy is obviously needed
as a framework for the efforts of municipal-
ities. This can ensure a consistency of ap-
proach, with local commitment to national
policies. Within the framework, however,
municipalities should be permitted to adapt
and develop their priorities, and to obtain
the means of financing their activities.
Further, the provision of environmental
health services by a municipality allows an
intersectoral approach, linking environ-
mental protection with public health func-
tions. It also means that considerations of
environmental health can be built into local
decision-making and fiscal processes. Ser-
vices provided at the regional level by satel-
lite offices of central ministries do not al-
ways offer the same opportunities for inter-
sectoral collaboration (Box 2.3).

Fig. 2.1: Environmental health services in Bulgaria



68 Environmental Health Management

In addition, a two- or three-tier system can
provide environmental health services at dif-
ferent levels. Such systems are commonly
found in western Europe, where central gov-
ernment authorities and services take re-
sponsibility for matters of strategic and
national importance, while municipalities
provide services at the local level.

In summary, the powers and responsibil-
ities of services at the local level are quite un-
clear and continuously developing. Highly
centralized and highly decentralized struc-
tures work in parallel and sometimes in op-
position. The central authorities alone set
standards and regulations, but they are con-
tinually hindered in this work by political

decisions to decentralize. A compromise –
local decision-making within a strong
national framework – is required for the ef-
fective delivery of services.

Whatever the structure adopted to provide
environmental health services at the local
level, the services must be adequately fi-
nanced. The local unit’s ability to pay will de-
termine its ability to carry out any planned
programmes. Centrally controlled units are
normally centrally funded, with little ability
to develop new ways of obtaining resources.
Municipalities can usually raise tax revenue
from the local population and businesses to
supplement central funding, but municipal-
ities throughout the Region complain that

Box 2.3: Regional and local administration in Estonia

In Estonia, the Health Protection Inspection Department in the Ministry of Health oper-
ates 21 regional offices of the Health Protection Service in the 15 administrative districts,
in 4 major towns and at border control points. The highly centralized organization and de-
tailed regulations of the Service mean that local influence on the setting of priorities is
very limited.

The main tasks of the Service are inspection, control, monitoring and the collection of
data. It is involved in local planning and environmental impact assessment as far as health
issues are concerned. It can impose various sanctions for non-compliance with require-
ments.

The local offices are not subject to control by municipalities, which has both advan-
tages and disadvantages. The current system allows these offices to be independent of
local politics and financial constraints and to make unbiased, considered decisions. They
cannot, however, develop environmental health services beyond the centrally controlled
priorities, and they are not accepted by the local public.

In 1990, Local Nature Protection Departments were founded in 4 major towns and the
15 districts. They are responsible for setting tax rates to protect natural resources and to
control pollution, for issuing permission for the use of natural resources, for determining
limits in natural resource management, and for carrying out environmental impact assess-
ments at the local level. The departments are subordinate in terms of organization to the
local district authorities, but the Ministry of the Environment supplies coordination, gen-
eral standards and policies.

The representatives of the Nature Protection Departments in neighbouring districts
meet regularly. These departments and the Health Protection Service cooperate because
they carry out similar or overlapping activities, but each type of unit distrusts the abilities
and intentions of the other. The Health Protection Service accuses the Nature Protection
Departments of being interested only in technical problems and collecting pollution
taxes, not in the health problems of the local population. The Departments, considering
themselves a new type of institution, accuse the Service of being unwilling to cooperate,
closely bound to former modes of thought and action, and unable to use modern methods
and technologies.
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central administrations give them responsi-
bilities without sufficient resources to carry
out the work required.

The funds for certain responsibilities can
be assigned “ringfenced”, or reserved solely
for these tasks, to ensure that the required
service is actually carried out. Local environ-
mental health services can be financed in
many other ways, from charges for inspec-
tions to pollution taxes. Whatever the financ-
ing system adopted, however, it is extremely
important to ensure that it is geared towards
improving environmental health conditions,
not perpetuating the status quo.

Fig. 2.2 illustrates the cyclical system of
control that remains typical of the approach
to many environmental health problems in
the CCEE and NIS. The system is self-per-
petuating, ensuring continuous monitoring
without the necessary action. The weak-
nesses in this system are apparent, and now

that they are recognized efforts are being
made to create more appropriate systems of
control.

The main task of environmental health ser-
vices is to improve environmental conditions
through the application of legal require-
ments. The effectiveness of these provisions
varies, and a well balanced service should de-
velop a range of interventions for application
to particular circumstances and problems.

Many countries have developed fiscal pol-
icies with punishments or rewards to encour-
age commerce and industry to comply with
regulations and norms. Fines, however, must
be of a size that not only reflects the commu-

2.5 Intervention and Control

Fig. 2.2: Former systems of environmental health control in the CCEE and NIS
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nity’s concern about the issues but also
deters the repetition of offences. This is a
problem in the CCEE and NIS, where rates
of inflation are so high that paying the fines
imposed by the environmental health ser-
vices may be more cost-effective for an enter-
prise than making the investment required to
prevent the repetition of an offence. Such
problems urgently need to be addressed. Sev-
eral countries in the Region threaten im-
prisonment for environmental health of-
fences, but rarely use this mechanism.

Many countries in the Region use per-
missions, authorizations and licences to con-
trol various activities with potential impact
on environmental health; these are very ef-
fective. Licences can go further than set
regulations, and the licensing authority can
impose its own local conditions and require-
ments. The threat of losing a licence to trade
or operate ensures that licensees respond
positively to requests and advice from envi-
ronmental health personnel. Through such
mechanisms, the environmental health ser-
vices can take preventive measures; newly es-
tablished premises or practices can be vetted
for compliance with requirements before
going into operation. Fees are often charged
for the granting of licences, and can supple-
ment the local administration’s funds.

While the principle that the polluter pays
has been incorporated into new legislation
throughout the European Region, its inter-
pretation varies. There are differences in the
way the sum to be paid is calculated, but the
essential difference between countries is the
final destination of the payment. Several
countries have established “environment
funds” that are fed by revenue from pollution
taxes. These funds fuel government pro-
grammes and policies devoted to improving
the environment. The funds need not necess-
arily be spent on the area from which they
were obtained, but can be distributed
through national networks to other areas
that require support. Some environmental
taxes that are collected and retained at the
local level work in a similar way; the money
is spent on the community, although not
necessarily on environmental improvements.

Care is needed when establishing such funds
to ensure that the money collected is not
viewed as a main source of community in-
come, paid as compensation for the environ-
mental damage caused. The money should
be used to reduce pollution at source, or at
least repair the damage that has already oc-
curred. If the pollution tax is viewed as a
source of income, environmental improve-
ments may be resisted in order to sustain
that income. Through positive intervention,
environmental health services should try to
reduce the amount of tax revenue collected;
it should not be seen as a potential means of
financing more monitoring so as to enable
further taxation (see Fig. 2.2).

Financial intervention need not always
take the form of penalties and fines. Monet-
ary incentives and benefits can be offered
through environmental health services.
Some countries, for example, provide grants
and financial incentives to enterprises to use
cleaner technology or reduce and recycle
waste. Some environmental health services
offer grants for the improvement of housing
that falls below minimum national stan-
dards. National programmes for environ-
mental health improvement provide many
other financial incentives (Box 2.4).

The example given in Box 2.4 was based
on a non-statutory intervention policy, which
was very successful in that particular situ-
ation. Environmental health services cannot
operate effectively, however, without a strong
legal basis for intervening and working for
improvements. In many of the CCEE and
NIS, legislative reforms are being under-
taken to create environmental health require-
ments that are in line with countries’ needs
and capabilities.

Environmental health services have the pri-
mary function of acting to protect the health
of the general public. They usually have di-
rect contact with the population at the local

2.6 Public Participation
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level, and public participation in operating
and setting priorities for the services is en-
couraged.

In the CCEE and NIS, a major focus of
the sweeping changes of the late 1980s and
early 1990s was the environmental or
“green” movement. Ecoglasnost, a leading
nongovernmental organization (NGO), led
many public demonstrations and campaigns
against the exploitation of national environ-
ments and was, to a large extent, the catalyst
for change in the entire political system.
Largely because of the harsh results of the
economic changes in these countries, public
interest in environmental protection has
waned since then. Nevertheless, environ-
mental NGOs are still heavily involved in
policy formulation at both the national and
local levels, and some countries’ legislation
names national organizations as bodies that
must be consulted during the creation of
regulations or standards. Their involvement
functions as a “reality check” of the feasibil-
ity of the implementation of particular pro-
posals, and directly reflects the priorities
and concerns of the general public. In this
respect, some governments in the Region ac-
tively encourage and support the work of
NGOs by providing grants. These organiz-
ations are very numerous and some consoli-
dation is required to achieve effective repre-

sentation. In 1991, for example, 1300 NGOs
in the Russian Federation were registered as
having environmental interests.

Nongovernmental organizations can bring
together the environmental interests of a
very wide range of professions. The building
of multidisciplinary teams with common
aims, not tied to political motives, is an im-
portant feature in the creation of a balanced
environmental health policy and services.
Several enlightened governments have real-
ized the value of such organizations and
have used their resources and expertise for
research and information activities and,
sometimes, guidance on policy.

Information is essential for the formu-
lation of environmental health services and
effective public participation. Information
can be held at both the central and local le-
vels, depending on the issue. Information ob-
viously needs to be held centrally to aid
national governments in making policies for
action by environmental health services, but
it must also be available to the services at the
regional and local levels and to the general
public (Box 2.5). This will aid local policy
formulation and help people in isolated
areas to gain information on subjects on
which they may lack specialist knowledge. In
addition, local information for particular
areas will assist the effective operation of en-

Box 2.4: Money for rubbish in Copenhagen

Along with the City of Copenhagen municipality, Wonderful Copenhagen, an association
of city centre traders and tourism authorities, decided to tackle the problem of street
litter. In 1987, there were excessive amounts of litter in the streets of Copenhagen, and im-
proving the situation was considered to require changes in people’s attitudes. First, a cam-
paign of education was undertaken. This was not an ordinary poster campaign, however.
Instead of cleaning the streets at night, when no one would see them, street cleaners in
conspicuous white uniforms worked during the day, when their presence served as a visual
reminder of the need to collect refuse.

Second, the association and the municipality looked at how other countries attempted
to control street litter. They learned that people were penalized in some way when caught
dropping litter. The Wonderful Copenhagen office decided to turn this policy around. In-
stead of fining transgressors, the association decided to reward the people who used the
litter bins provided. When an observer spotted someone using a bin, that person was
given 100 Danish kroner. Later, lottery tickets were given instead of cash. The mass media
gave this project great coverage and the level of street litter was considerably reduced.
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vironmental health services. If members of a
community have free access to information
on the state of the environment and public
health in their area and on the related activ-
ities of the environmental health services,
they will give the services greater trust and
cooperation.

Once environmental health policy has been
set, and existing services adapted or new in-
stitutions created, suitably qualified person-
nel have to be employed to do the work.
Qualified environmental health profes-
sionals are relatively few in the European Re-
gion. In most countries, environmental
health workers fall into one of three cat-
egories: medical doctors, environmental en-
gineers and environmental/public health
technicians. Even within these broad cat-
egories there is a great deal of specialization.

Some western European countries, most
notably Ireland and the United Kingdom,
have a holistic professional group: environ-
mental health officers. Educated to degree
level, these professionals receive broad train-
ing in technical knowledge, social policy,
management and communication skills in
environment and health. Their perspective
gives them an overview of environmental
health factors and their interrelationships.
This allows these personnel to play a variety
of roles as advisers, enforcers and educators.

2.7 Environmental Health
Professionals

Individual specialist knowledge is likely to be
developed in a particular field, but other
specialists, doctors and engineers will be in-
volved to facilitate a multidisciplinary ap-
proach to solving problems. With an under-
standing of the broad basis of environmental
health, environmental health officers can
take on a managerial role in the delivery of
environmental health services.

The management and decision-making
skills of environmental health professionals
in the CCEE and NIS require improvement
if services are to be more effective. Long re-
liance on central direction has stunted the
ability of local directors of environmental
health services to develop new and indepen-
dent strategies. Personnel management skills
are also needed.

While the development of professional en-
vironmental health staff will undoubtedly
take a long time, investments should be
made now. In many countries in the Region,
the low and narrow salary scales of staff pro-
vide minimal incentives for a career in envi-
ronmental health services. Skilled profes-
sionals are at a premium in certain areas of
private industry and consultancy. If public
services cannot offer suitably attractive ca-
reer development structures with appropri-
ate rewards, the industrial sector will always
be in a far stronger position to bid for such
people.

Many colleges and universities throughout
the Region are developing new concepts in
environmental health training to give a more
broadly based education through numerous
exchange schemes. These changes will gener-
ate a new breed of environmental health pro-

Box 2.5: Professional information exchange in the United Kingdom

In the United Kingdom, about 230 environmental health departments exchange in-
formation through electronic mail. This enables environmental health officers to discuss
issues, request assistance from other departments, and liaise comprehensively on issues of
national importance. The Department of Health has access to this confidential service,
which it can use to collect and disseminate information on hazards or events that require
immediate action. This form of communication and information exchange creates a
forum for open discussion and a vast database of knowledge.
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fessional, who can exert a greater influence
on the environmental health services pro-
vided.

The staff of environmental health services
need to continue their professional develop-
ment to ensure that they keep up to date.
Box 2.6 gives an example of how this can be
achieved.

Environmental health services are still devel-
oping in many countries of the European Re-
gion, not only the CCEE and NIS. The links
between activities in environmental protec-
tion and public health need to be
strengthened, managerial institutions need
to be established and personnel trained, and
public participation at the local and regional
levels needs to increase.

Many of the existing structures for the de-
livery of environmental health services need
radical reform. Achieving more responsive
and effective services will require a sustained
and concerted effort.

Countries at the beginning of this process
need to consider three main areas of action.
First, environmental health policy needs to
be developed through strong intersectoral
cooperation; government can then give pol-

2.8 Conclusions

icy a solid and effective legal basis for imple-
mentation. Second, the institutional struc-
tures to carry out these policies through envi-
ronmental health services will have to be de-
veloped. Central administrations should not
only provide these services with suitable sup-
port and guidance, but allow them the op-
portunity and flexibility to respond to local
needs. Finally, trained environmental health
professionals and managers are required to
deliver these services through the appropri-
ate institutions. Effective intersectoral coop-
eration is essential at all stages in the devel-
opment and operation of environmental
health services.

Countries should develop environmental
health services that not only reflect their cul-
ture and traditions but can also respond to
urgent needs for action. The development of
environmental health services and the vari-
ous transitional stages involved require care-
ful and considered planning now, to ensure
appropriate and effective services for the fu-
ture.

[1] Earth Summit ’92. The United Nations Confer-
ence on Environment and Development, Rio de
Janeiro, 1992. London, Regency Press, 1992.

References

Box 2.6: Continuing professional development in the United Kingdom
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Chapter 3
Economics, the Environment and Health

3.1.1 Links

The economy of any country, the state of the
physical environment and the health of its
people are intimately interconnected [1].
Economic activity affects the natural re-
sources of a country for good or ill; both af-
fect health.

The link between economic growth and in-
creasing environmental damage from pollu-
tion can be broken. Action taken by coun-
tries belonging to the Organisation for Econ-
omic Co-operation and Development has
demonstrated that the hazards to health
posed by environmental factors can be con-
trolled and that action can lead to better
health and more efficient use of natural and
other resources [2]. Control measures that
have been taken include laws and regu-

3.1 Introduction
lations, and market instruments such as
taxes. Future control measures for use in the
WHO European Region need to be chosen
with careful consideration of the relation-
ship between costs and effectiveness, since
spending on environmental control is re-
flected in the cost of other goods and ser-
vices that people want. For example, if a
company producing soap has to increase its
costs to comply with new regulations on
wastewater treatment, it is likely to pass on
the costs of those improvements in the price
of the soap; the “polluter pays” principle is
not as simple as it may seem. In particular,
consideration should be given to how much
an improved environment can benefit
human health and how much people are will-
ing to pay for such benefits before deciding
that introducing new controls is justifiable in
the face of their costs.

For example, improving water supplies
requires an evaluation of the cost and impact
of improvements, whether the controls are
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on the water at the source (preventing pollu-
tion) or introduced at any stage of water
treatment (controlling pollution). Costs can
rise steeply as different treatment processes
are added to improve the quality of water
[3]. Careful assessment is needed to ensure
that each additional measure gives value for
money in its impact on health. Several fac-
tors affect such an assessment: the level of
pollution and the difficulties of controlling
it, the numbers of people exposed, and the
level of risk to health. The additional costs of
installing biological treatment to reduce
phosphorus and nitrogen concentrations in
water can be twice those of mechanical and
chemical treatment to reduce by 80–90 %
the problems of the biological oxygen de-
mand from microorganisms and suspended
solids [3].

Taking countries as a whole, improved
general health and reduced premature mor-
tality can lead directly to economic growth
through higher productivity. Economic
growth can give rise to changes in health
through better housing, education and
health services. It can also, however, damage
health by increasing inequality in the dis-
tribution of wealth through the creation of
poverty among people whose lives are dis-
rupted by the socioeconomic changes that
accompany economic growth. These
changes can include the restructuring of
major industries and sectors and the rede-
ployment and migration of large sections of
the population, with intermittent or perma-
nent unemployment. Riches and poverty,
and good and ill health, may live side by side
[1,2].

3.1.2 Environmental epidemiology
and environmental health
economics

The impact of the environment on health is
the subject of environmental epidemiology;
the valuation of differences in health status
is the subject of health economics. Health is
defined by WHO as that part of human wel-

fare that embraces physical, mental and so-
cial wellbeing. Health economics is thus es-
sentially anthropocentric, and concerned
with ecological issues only in so far as they
are critical to human survival and health.

The relationship between the environment
and the general state of the economy is the
subject of environmental economics, which
is also concerned with the investment
required to improve environmental condi-
tions and to conserve and protect natural re-
sources and amenities, which people value
either for the use they make of them or
merely for their continued presence
(Fig. 3.1).

The goal of sustainable development
means that economic activity to achieve
greater welfare for people today should not
be increased, if the welfare of future gener-
ations is compromised as a result [4].

Not all improvements in the quality of the
environment lead to improvements in health.
Moreover, some countries may not be able to
afford or be willing to pay for certain envi-
ronmental improvements, even when they
can lead to improvements in health. Econ-
omists have a role in helping to show more
clearly the relationship between the costs
and benefits of environmental improvements
and how far people are willing to pay for the
required changes.

The provisions of the Treaty on European
Union, also known as the Maastricht Treaty,
require the policy of the European Union
(EU) on the environment to help to protect
human health, to encourage the prudent and
rational use of natural resources, and to take
account of the potential benefits and costs of
action or inaction. This will allow the assess-
ment of all aspects of EU action for their im-
pact on the environment and health, and
cost–benefit review of investment, taking an

3.2 The Productive Economy
and the Environment
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integrated view of the many factors that, for
example, affect pollution control using the
best available technology not entailing ex-
cessive cost.

3.2.1 Response of industry to envi-
ronmental concerns

The extensive development of the reuse of in-
dustrial materials and the recycling of prod-
ucts and product components in the Euro-
pean Region illustrates the relationship be-
tween the environmental impact and the
economics of control activity. Differences in
the market price of components and indus-
trial and consumer participation, and the
political value of these schemes, have af-
fected their viability [5–7]. Reuse and recyc-
ling schemes are not in themselves justifiable
in environmental, health or economic terms;
they require continual and individual judge-
ment on their merits.

Commercial organizations are now intro-
ducing environmental labelling of products
in response to the EU requirements for pack-
aging, which must be implemented in
national laws by 1997. Environmental ac-
counting is being developed to demonstrate
how companies are monitoring and reducing
the adverse environmental impact of their
activities [8,9]. While both of these are steps
towards accountability to shareholders and
consumers, they fall short of the information
required to reveal the cost–effectiveness of
investments to protect the environment and
human health (Perriman, R.J., personal
communication).

The life cycle assessment approach is
being adopted as an analytical process in cer-
tain multinational commercial companies
[10,11]. An environmental balance sheet is
established for each product to identify its
impact on the environment and opportun-
ities for reducing that impact, including the
reuse of all or certain parts of it and the re-
cycling of its constituent materials for simi-
lar or other purposes. These tasks can be
handled within the company or on contract
by the growing number of specialist com-
panies in this field. As the volume of waste
has kept pace with economic growth [5], de-
veloping waste disposal methods that give
the greatest added value has become an op-
portunity for investment [12].

By increasing capital investment in envi-
ronmental protection by 300% and revenue
investment by 50% in four years, a multi-
national company has been able to reduce
measured hazardous waste by nearly 50%
and non-hazardous waste by more than 10%.
It has saved energy, reducing the energy/vol-
ume of production index by 50% since 1971,
reducing carbon dioxide emissions per unit
volume of production by 60% in that period,
and substantially reducing the number of
fines and prosecutions for breach of national
and international laws and regulations on en-
vironmental protection [11]. The company
has not, however, been able to calculate the
costs and benefits more precisely; that, in
the end, is a policy judgement. The fact that
the company continues to invest in improve-
ments implies that it considers the results
justify the present level of investment.

Fig. 3.1: The basic model for the economic approach to the links between the economy, the environment and
health
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Investment in the environment and health
should be judged by its costs and health
benefits compared with those of other invest-
ments made to promote and improve health.
Such assessments should consider the
relative value, for meeting these objectives,
of investment in improvements in health
education, in health care, and in those im-
provements in economic growth and the re-
lief of poverty that directly and indirectly
benefit health. Weighing the value, relative
to costs, of different measures to prevent ill
health – such as health education, relief of
poverty and the mitigation of environmental
effects – is relatively straightforward, but a
similar consideration of the relative value of
prevention and cure in health raises import-
ant ethical issues. It may be more costly, for
example, to prevent environmental effects on
health than to treat the resulting illness, but
the benefits of prevention, both to individ-
uals and to society, need to be taken into ac-
count.

As Fig. 3.2 shows, there appears to be a
positive relationship between real gross do-
mestic product (GDP) per head (calculated
in accordance with the techniques of pur-
chasing power parity) and life expectancy at
birth [1]. A rise of real GDP from US $1000
to US $5000 appears to have a larger impact
on life expectancy than increases beyond
that point. Most of the CCEE and NIS have
a GDP below US $7000 per head, and over
one third below US $5000 per head. Life ex-
pectancy shows a gap of some 5–10 years be-
tween people living in the CCEE and NIS
and those in western European countries.
Socioeconomic and lifestyle differences ex-
plain much of this gap. There is also a gap of
5–10 years between the lowest and highest
levels of life expectancy in the CCEE and
NIS, and there is sufficient variation in life
expectancy between countries with similar
levels of economic wealth to suggest that
prudent investment in health education and

3.3 Investment in Environment
and Health

development policies could achieve health
gain without economic growth. Improve-
ments in water supplies, sanitation, food hy-
giene and housing, and controls on air and
water pollution are the most likely environ-
mental investments to yield substantial
health gain [13]. Judicious investment be-
comes even more important in countries ex-
periencing economic recession and in-
flation. The questions that need to be ad-
dressed include: the costs of improvements
in health through environmental interven-
tion, the time scales over which health gains
can be realized, and whether these invest-
ments are more cost-effective than others
that could be made in sectors such as edu-
cation and health care. It must be recognized
that the main causes of premature mortality
(see Chapters 4 and 18) are more likely to be
attributable to lifestyle factors, particularly
smoking, than to environmental agents.

Damage to the environment in the CCEE
and NIS and its impact on health can be
clearly seen in the level of emissions from
the use of fossil fuels in production pro-
cesses. Most factories in these countries use
production systems that are obsolete, energy
intensive and highly polluting in comparison
with those in western countries. Industrial
energy intensity is five times higher in Po-
land, for example, than in the United States;
similar differences are found between Ger-
many and Hungary [14–16]. The use of fossil
fuel and the intensity of emissions are in-
versely related to price [14] and adverse
health effects are directly related to the re-
sulting air pollution [16–18].

One flaw in using GDP to assess the econ-
omic capacity of a country is that the stan-
dard measure of GDP ignores the depletion
and degradation of natural resources and
their effects on health. Indeed, in so far as
environmental damage creates treatable ill-
ness and a cost to the health services, that
cost creates employment and paradoxically
appears as a positive contribution to GDP.
This is clearly misleading. Many countries,
however, are adjusting their measure of GDP
to take account of adverse environmental ef-
fects and the depletion of natural resources.
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Businesses are attempting similar develop-
ments in environmental accounting, and
major industries are producing accounts that
show more clearly to shareholders and the
public the damage that their activities do to
the environment and the extent of invest-
ments to counteract these problems [2,19–

21]. These new forms of environmental ac-
counting give a more complete picture of
real change in national and corporate wealth
and its relationship to environmental status
in the community. Further developments in
this accounting process should consider ad-
verse effects on health.
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In its strategy for health for all [22] WHO
named decent housing, safe food, water and
sanitation, adequate income and employ-
ment as prerequisites for health, and these
factors were part of the McKeown hypoth-
esis of health development [23]. They also
offer some explanation for differences be-
tween countries in life expectancy. Further
work is required in the Region to determine
the exact impact of these factors and their
importance in comparison with, for example,
environmental pollution or individual life-
styles.

While the environmental sector is import-
ant, it competes with health care for invest-
ments to improve health in the Region. A
key issue in health care in the Region in gen-
eral, and in the CCEE and NIS in particular,
is the extent to which greater efficiency and
perhaps greater investment in health care
could reduce avoidable disease and mortality
[24].

Avoidable mortality generally attributable
to inadequate health care includes deaths
from tuberculosis, cancer of the cervix, dia-
betes, chronic rheumatic heart disease, cer-
tain other types of circulatory disease and
appendicitis; deaths principally related to en-
vironmental conditions and lifestyle are ex-
cluded. Rates of avoidable mortality are sub-
stantial, but are declining in most western
countries of the Region while remaining con-
stant or increasing in certain of the CCEE
and NIS [24]. Some of the CCEE and NIS
have rates of avoidable mortality, in both
males and females, 2–4 times greater than
those in most western countries [24].

While political pressure is increasing to
raise the level of national and international
investment in environmental improvements
with the aim of improving health, these in-
vestments may not be high on the list of the
“best buys” for health [13].

Environmental improvement can lead to
improved health by, for example, eliminating
or reducing specific threats to health and
creating the conditions that promote heal-
thier lifestyles and better living conditions. It
has been estimated that an extra investment
of 2–3% of GDP globally is necessary by the

end of the decade to stabilize soil conditions,
protect forests, improve air quality, and pro-
vide universal access to sanitation and clean
water [2].

Further environmental improvements
would require extra investment. Some pol-
icies can, however, promote economic
growth, alleviate poverty and create direct
environmental improvements. For example,
the removal of subsidies that at present en-
courage the excessive use of fossil fuels and
pesticides and the reduction of forests would
promote greater efficiency in the use of re-
sources, thus contributing both to economic
growth and to environmental improvement
[2]. Clarifying property rights on land,
forests and fisheries would encourage rein-
vestment and the removal of past pollution
[14]. Accelerating the provision of basic ser-
vices such as sanitation, clean water, edu-
cation and housing throughout the European
Region would also contribute to economic
growth and human welfare by unlocking
further human capital, and directly and indi-
rectly improve health [23].

Three types of better investment in envi-
ronmental improvement can lead to health
benefits. The first comprises policies, such
as energy price reform, that are both econ-
omically efficient and environmentally
beneficial. Once provision has been made to
secure the welfare of the poorest, whose sur-
vival depends on heating and power, such
policies can lead to net health gain from re-
duced pollution. Second, regulatory policies
and taxes can be used to internalize the costs
of environmental damage; these either
require polluters to bear the costs of reduc-
ing emissions or to pay a charge that reflects
the damage done by the pollution. Third,
public investment in or the reduction of sub-
sidies for public utilities (especially gas) in
particular, but also for some other publicly
owned enterprises, can be used to reduce
emissions.

Since 1987, the EU has committed about
5 billiona ECU to environmental improve-
ment [3] but current investment in countries

a 1 billion = 109.
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varies widely between the key areas of con-
cern. For example, while 22% of investment
in the EU is on reducing air pollution, the
percentages for Portugal and Spain are only
2% and 1%, respectively. Portugal devotes
only 14% of its declared environmental in-
vestment to improving waste disposal, in
contrast to an overall figure for the EU of
29%. Portugal allocates three quarters of its
investment in environmental improvements
to water, while Spain devotes less than half
that proportion to the purpose [25]. This
pattern of expenditure needs further review,
because investment in environmental im-
provement needs to be carefully targeted ac-
cording to national priorities to produce the
greatest health benefits. Reports of returns
on investment should make transparent the
nature and volume of the benefits to human
health and other goals.

The level of investment in environmental im-
provements in Europe seems low by com-
parison with the likely benefits; its growth is
poor and its targeting inexplicable [25].
What factors explain this?

In the past, both market-led and centrally
planned economies inadequately protected
health from the adverse environmental ef-
fects of economic development [26]. Some
control proved possible in improving water
supplies, but the record on air and soil pollu-
tion is indifferent. On average, the control of
concentrations of particulate matter, seen as
smoke from chimneys and other sources, has
been better in richer than in poorer coun-
tries [2]. The large variation in urban pollu-
tion control in countries of similar income
level, however, suggests that much can be
done to improve the efficiency of control
through better management and education,
without new technology and building on the
example of the best practice in each country.

Industrial growth and economic develop-
ment do not necessarily mean more pollu-

3.4 Failure of Economic Systems

tion (Fig. 3.3). Indeed, if pollution kept pace
with economic growth, pollution in coun-
tries with income rising at 5% would quad-
ruple in 30 years. Breaking the link between
growth and pollution is vital. Theory and
practice can go together, but this is not inevi-
table. Progress depends upon judicious pol-
icy and management and careful evaluation
of the results (Fig. 3.3).

Since 1970, western economies have
grown by 60% but their emissions of carbon
dioxide and nitrous oxide have remained
constant as a result of improved energy effi-
ciency. Emissions of sulfur oxides have de-
creased by 40% as a result of both energy ef-
ficiency and active abatement programmes
[2].

A global review of environmental improve-
ments concluded that the costs of imple-
menting a global strategy are modest com-
pared with the gains from improved effi-
ciency and economic growth [2], and the
EU has demonstrated that much of the
change in industrial practice is commercially
beneficial [25]. Many of the necessary in-
vestments will pay for themselves, but indus-
tries and people with long practice in ne-
glecting environmental problems caused by
their behaviour resist change. The process of
change can be long in countries that are not
used to technical and cultural development
of this kind, and the management of change
requires special skills and experience. Some
of the early results, however, give hope for
the future.

The key is to concentrate on the practi-
cable changes with the highest net returns.
Some of the industries that have created the
biggest environmental problems in the
CCEE and NIS are closing down for econ-
omic reasons. The transformation of econ-
omies offers the opportunity to make envi-
ronmental protection a condition of privatiz-
ation. Aid from the main international agen-

3.5 Issues for the CCEE and NIS
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cies includes environmental impact assess-
ment as a basic condition; this should be-
come a more general principle for industrial
policy in the CCEE and NIS.

Less than 1% of GDP over the next dec-
ade is probably a sufficient investment to
achieve substantial improvement in the liv-
ing and working environments in the CCEE
and NIS, and convergence towards western
standards. This should allow the control of
particulate matter, reduction in the levels of

acid deposition and effluent wastes, the
raising of water and sanitation standards,
soil conservation and more replanting of
forests, and more environmental research
[2]. Within the European Region, immediate
priorities that offer good returns on invest-
ment include dust containment, a shift from
coal to gas or smokeless fuel, the treatment
of contaminated wastewater by carefully as-
sessed multistage improvements, the selec-
tive installation of septic tanks for domestic

Fig. 3.3: Environmental indicators at different levels of country income
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wastewater and for livestock operations with
high nitrate production, and the control of
hazardous waste, including radioactivity
from nuclear installations. The tools
required for these immediate needs and
those for medium-term and long-term im-
provements include improvements in the ef-
ficiency of existing controls on adverse envi-
ronmental effects; technical improvements
in selected high-priority production systems
such as aluminium plants, tanning, electro-
plating and other metal work; controls at the
end of the pipeline; and systematic industry-
by-industry assessment of opportunities for
improvement. In such assessments, econ-
omic incentives may have their most import-
ant role in stimulating local managers and
consumers to take responsibility for chang-
ing present practice. This will be greatly as-
sisted by improved information [25].

Most of the CCEE and NIS are in severe
economic recession and their income per
head is between 5 and 10 times less than that
of western countries, and there is a widening
gap in health status between the CCEE and
NIS and the other Member States of the Re-
gion. This increases the importance of ensur-
ing that the use of scarce resources on envi-
ronmental improvement is based on a solid
assessment of the relative costs and benefits.
Where the choice is clear, strategic decisions
are needed to ensure that vital environ-
mental improvements can be made with
local and international funding, and are not
critically affected by the recession. Poland
has shown what is possible by creating a
National Environment Fund and enforcing a
tenfold real increase in pollution charges, to
fuel investment in environmental improve-
ments on the “polluter pays” principle [3].

It has been estimated that reducing and
finally eliminating the existing energy sub-
sidies in the CCEE and NIS could result in a
24% reduction in carbon emissions in the
European Region [2]. The effects of such a
measure need to be carefully assessed, as the
structural collapse of noneconomic indus-
tries is creating severe problems of unem-
ployment and poverty, which themselves im-
pair health. Furthermore, removal of the

heating subsidy is likely to have adverse ef-
fects on the health of vulnerable groups of
the population.

More specific costing is necessary to deter-
mine the relative contributions of different
aspects of environmental management. For
example, what is the relative return on invest-
ment in the improvements that “good house-
keeping” can achieve in industries with pre-
viously inefficient environmental control, in
the introduction of established western tech-
nical solutions to environmental problems,
and in the use of controls at the end of the
pipeline [3]? There is a strong case for the
development of controls in stages. The crite-
ria that should be used in choosing an area
for investment should include cost, feasibil-
ity, effectiveness, acceptability, the size of
the health hazard, the expected health gain,
the capacity to enforce the change and the
likely macroeconomic impact.

The transition towards the cost-effective
control of environmental hazards to health
and environmental improvements predicated
on a health goal should include the imple-
mentation of a policy based on economics.
This should include three stages:

• the introduction of fees or fines, the rev-
enue from which will establish a develop-
ment fund to provide capital and revenue
for subsequent improvements;

• an increase in the fees or fines to acceler-
ate progress in improvement, shortening
the projected time scale; and

• the setting of charges and fines to cover
the full external economic and social costs
of environmental and health damage,
which will result in the closure of firms
that fail to survive the internalization of
the environmental costs with which they
currently burden the community.

3.6 Funding and Management of
Environmental Improvement
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This three-stage implementation of policy is
even more important in the CCEE and NIS,
where the current difficulties of economic
and social transition are putting much of the
economy at risk.

It is as yet uncertain how far debt-for-na-
ture and debt-for-health swaps can play a sig-
nificant part in development in the CCEE
and NIS; experience from Latin America
and elsewhere with these swaps (by which a
lender cancels a debt in return for work on
an environmental or health problem) may be
useful to policy-makers [2].

Recent WHO reviews of health policy sug-
gest that simple improvements in waste man-
agement can yield considerable advantages;
this is a neglected field of public health in
the CCEE and NIS. In addition, opportun-
ities for the development of the WHO
Healthy Cities project in these countries are
being pursued to give a sharper focus to par-
ticipatory action in lifestyle and environ-
mental health issues. Involvement in the pro-
ject’s international network offers access to
technical assistance from the EU and other
countries in the Region.

While all interventions to promote environ-
mental and health gain can be subject to
economic assessment, advocacy of so-called
economic instruments and financial mech-
anisms for control seems to be growing, al-
though they are not necessarily more effi-
cient or effective than others. On the
contrary, legally enforceable standards or
agreed guidelines may be more economic if
they promote a change in technology that re-
sults in environmental and health improve-
ments at less cost and at a faster pace than
economic instruments can achieve. The pro-
motion or enforcement of environmental
standards can result in the use of new raw
materials, alternative energy sources, the re-
cycling of finished products or residuals, or

3.7 Economic Instruments

new additional products that use residuals in
an environmentally friendly way.

There is no reason why the stimulus for
economic change and the evolution of indus-
trial or agricultural production cannot come
from companies or state industries respond-
ing to agreed standards imposed with legally
enforceable (including financial) penalties.
The environmental problems of the CCEE
and NIS did not arise from a lack of econ-
omic instruments or standards to apply to
environmental problems, but from the fail-
ure of industry and agriculture to meet the
standards and the failure of authorities to en-
force them or to set the penalties at a level
equal to or greater than the commercial
benefits of evasion [3]. It is vital in these
countries to introduce and strengthen, as
soon as possible, the staged implementation
of environmental controls with market-based
components.

Economic instruments can take a variety
of forms. These include fiscal policies such
as taxes and subsidies, and direct investment
in environmental protection and education
services [21,27–29]. Some of these measures
are used not to achieve environmental objec-
tives but purely to raise government revenue,
which may not be spent on the environment.
This practice complicates the assessment of
the impact of such instruments.

Nevertheless, environmental charges have
been levied against polluters of water
supplies in France, Germany and the Nether-
lands. They have been used to reduce air pol-
lution in Sweden, to reduce noise from air-
craft in the Netherlands and Switzerland,
and to control waste disposal in the Nether-
lands.

Some countries levy a charge not on the
act of pollution but on products that can pol-
lute. This approach has been applied to ferti-
lizers and pesticides in Norway and Sweden,
lubricant oils in Finland and Germany, the
sulfur content of fuel in France, and motor
vehicle fuels in Finland and Sweden. Differ-
ential taxes on leaded and unleaded petrol
have been used in France, Germany, Norway
and the United Kingdom. To promote con-
tainer recycling, charges have been used on
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containers for beverages in Finland, plastic
bags in Italy and containers for lubricating
oils in France and Germany. Deposit refund
systems have been used for cars in Norway
and Sweden for similar reasons.

In addition, marketable permits have been
used to control water and air pollution. Such
schemes exist in Australia, Canada, Ger-
many and the United States [30]. They pro-
vide permits that can be purchased to allow
a company to exceed a specified level of pol-
lution. The price acts as a pollution tax and
is itself a disincentive to pollute. In addition,
companies that have purchased permits and
then achieve the specified levels of pollution
control can then sell on their permits to
others who have yet to achieve the required
level of control. The aim of this is to create a
market that will deliver the greatest amount
of reduction in pollution for a given level of
investment. Experience so far with such pol-
lution trading permits has been limited and
mixed [30].

Other instruments are also available, in-
cluding incentive payments and subsidies,
methods of raising funds for environmental
investment, and special support to small and
medium-size businesses to promote environ-
mentally sensitive investment [31]. More in-
formation on their effectiveness would be
useful. A review of the value of these instru-
ments needs to take account of a number of
the factors discussed above, including the
phasing of their introduction. Successful im-
plementation is not easy, and proper man-
agement is essential if they are to have more
than a transient, cosmetic political advan-
tage in appeasing the growing environmental
lobby [5].

Implementation depends on a clear frame-
work of operation, a simple mode of intro-
duction, the availability of resources for pro-
motion, design and management, conformity
with local principles of trade and, possibly,
national or international agreements. New
forms of environmental management are
required. Above all, such developments need
careful economic and social appraisal, adap-
tation to local circumstances and careful
testing before they are likely to be cost-effec-

tive. Economic instruments are not necess-
arily superior to other methods of control-
ling environmental problems, and are likely
to work best as part of an integrated policy
for environmental improvement and health
in which both costs and benefits are con-
sidered [20,32]. Economists concerned with
the environment are taking increasing inter-
est in the technical issues (such as intergen-
erational cost–benefit analysis) involved in
the economics of development, seeing health
as a key component in their analyses. Health
economists, who have largely focused on
health services, are extending their interest
to prevention and intersectoral issues. This is
resulting in the refinement of economic
methods applied to the health aspects of sus-
tainable development and a call for greater
application of the existing methodology of
cost–benefit and cost–effectiveness studies
to a wider range of interventions intended to
achieve health gain [20,33,34]. This is an ap-
proach now endorsed in the policy develop-
ments following the passage of the Maas-
tricht Treaty and the application of its provi-
sion for health assessment as part of environ-
mental impact assessment [32].

Better information is an essential require-
ment for improving the effectiveness and ef-
ficiency of environmental control to achieve
health gain. Investment in environmental
control can be expensive, and it is but one
way to invest resources to achieve health ob-
jectives.

Information from nine areas is needed to
implement a strategy on economics, the en-
vironment and health.

Willingness and ability to pay
How much are people, companies and gov-
ernments willing and able to pay for im-
provements in different aspects of the en-
vironment that are known to affect health?
Over what period should the investment in

3.8 Information
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improvement be stretched to avoid the harm-
ful macroeconomic effects of too rapid re-
form? More studies on this topic are needed
to sustain political commitment, to focus
priorities and to sharpen the timing of
change.

Value of health benefits and opportunity costs
How much better value in health gain can be
obtained from environmental improvements,
bearing in mind the opportunity costs with
respect to other investments for health? Do
all countries have effective financial mechan-
isms to switch investments to get the best
value for money? Are there cases in which
such analysis has resulted in the reallocation
of resources? Do conditions in a country
permit the operation of an “environmental
improvements market” so that people and
companies can pay for what they want?

Rising costs of improvements and economies of
scale
In each country, how variable are the re-
source costs and health benefits for what can
be achieved now in terms of environmental
health improvements? Who is responsible
for collecting such data and what resources
are available to them for the task?

Best buys for each country
How responsive have the economies of dif-
ferent countries been to the main types of in-
tervention applied to key environmental
problems? What examples can be shown of
cost-effective environmental improvements
that may lead to increases in productivity
and more efficient use of natural resources
as a result of the use of:

• market forces (such as consumer demand
for “green” products, employee demand
for cleaner processes, and improvements
by companies seeking new “green” cus-
tomers);

• legally enforceable standards and regu-
lations; and

• economic instruments, such as environ-

mental taxes, charges and marketable per-
mits.

New ideas for action
What are other examples of economic mech-
anisms being used? These may include:

• incentive payments through government
grants, tax reductions, accelerated conces-
sionary leasing, export premiums and sub-
sidies for environmental research;

• support for small and medium-size busi-
nesses in applying new environmental
technology, such as risk insurance
measures and government procurement
advantages;

• revenue raising schemes to fund environ-
mental improvements through, for
example, earmarking funds, progressively
shifting the tax burden from labour and
man-made capital towards the use of natu-
ral resources, debt-for-nature swaps, and
international collective funding agree-
ments for environmental projects.

What have been the results of using these
measures? How acceptable, efficient and
equitable are they? What are the major prob-
lems that their use entails and how can these
be overcome?

Learning from experience
What examples of problems in the finance
and economics of environmental manage-
ment can be highlighted to avoid future mis-
takes?

Environmental accounting
What experience have countries gained in
the use of environmental accounting at the
national, regional and local levels and in
companies? What is the cost, and does it
provide value for money?

What experience has been gained with en-
vironmental accounting in the health ser-
vices? How can this be linked to environ-
mental audit so that patients, other citizens
and policy-makers can all see the issues and
the choices that can be made?
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Training and education
To what extent is economics included in
training in new environmental management
and in addressing the issue of the cost–effec-
tiveness of intervention? How far is it in-
cluded in public education programmes and
the training of teachers of environmental
studies in schools?

Lifestyle
What is being done to explore more thor-
oughly the impact of environment on life-
style in the countries with a diminishing
health return from investment in lifestyle
programmes? What is being done to explore
the value of greater investment in environ-
mental improvement programmes as an indi-
rect means of reducing health-damaging be-
haviour, such as the misuse of alcohol and
the use of addictive drugs and tobacco?

Considerations of the environment and
health are inescapable elements of economic
and social development in the European Re-
gion. Market forces may help to ensure this.
Industries that do not take on the dual chal-
lenges of promoting environmental improve-
ment and health gain may become less viable
in a competitive world; the internalization of
health and environmental impact costs in in-
dustry and agriculture can create a self-cor-
recting mechanism driving economies to
support sustainable development. Careful
monitoring is required, however, along with
stimulation to establish the circumstances in
which these factors operate in favour of im-
provements in the environment and health
and the extent to which overt planned inter-
vention is necessary, efficient and effective.

3.9.1 Economic strategy

The core of the economic strategy to pro-
mote improvements in the environment and

3.9 Conclusions

health is likely to contain a number of el-
ements, including support for market mech-
anisms linked to general economic growth,
measured in a way that takes account of the
state of environmental capital and the health
of the population. Health measurement
should cover physical, mental and social
wellbeing. This should be supplemented by
the use of intervention methods shown to be
valuable in terms of return on investment,
whether they are laws, regulations or econ-
omic instruments. When the principles that
the polluter pays and the user of natural re-
sources pays prove to be efficient mechan-
isms, they should be integrated in economic
investment decisions. Further, citizen par-
ticipation in decisions on the environment
should be developed as an economic and so-
cial instrument to promote efficiency.

The most likely areas for cost-effective in-
vestment, especially for the CCEE and NIS,
are probably energy (including nuclear
power), agriculture, pollution control, water
resources and sanitation, transport, and the
working and living environments. In addi-
tion, the development of the environment for
tourism will help to increase international
pressure and support for change. Action
should be taken in each of these areas when
the particular problems have been identified
and where feasible, acceptable and effective
strategies for control, in which people are
willing to invest, are available.

Key points for successful implementation
are the formulation and negotiation of and
consultation on policy, the creation of new
forms of institution for environmental man-
agement, and the commitment of the private
sector to environmental improvement in the
transition to a mixed economy. Within this
general strategy, economic analysis and envi-
ronmental accounting are essential ingredi-
ents. They are proving their value in coun-
tries and will be in increasing demand in the
CCEE and NIS.

Finally, environmental control technology
for industry and monitoring should be devel-
oped in each country, as it can be expensive
if imported. Technology transfer should be
an essential feature of aid.
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3.9.2 Information

Improved information on the environment,
economics and health should be a vital part
of any strategy. It is a prerequisite for effi-
cient investment by individuals, businesses
and governments; it is a requirement for op-
erating an efficient market-led or planned
economy.

Only by gathering such information as in-
vestments are made, and including in-
formation collection in the design of inter-
ventions, can future policies and pro-
grammes for environmental health be de-
fended against the competing demands of
other sectors. Existing sources of national
and international information are being re-
viewed with this in mind [2,5,13] but it is not
yet possible to put together a rational invest-
ment policy for improving health by improv-
ing the environment in the European Re-
gion.
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The WHO Constitution defines health as “a
state of complete physical, mental and social
wellbeing and not merely the absence of dis-
ease or infirmity”. Measuring health as so
defined in a population is not a simple task.
Some studies use self-assessment of health
status, with the meaning of health depending
on the subjective perception of the individ-
ual. This meaning is probably close to the
WHO definition, but it may vary between
different populations and countries. Other
indicators of positive health have yet to be
developed. Evaluations of the health status
of populations are therefore based on the
more readily ascertainable negative indi-
cators, such as mortality or morbidity rates.
Populations with lower prevalence rates for a
disease are assumed to be in better health.
This approach has many limitations. Disease

4.1 Introduction
reporting is usually confined to specific,
clinically defined conditions. Special studies
are necessary to obtain information about
less severe disorders, such as early symptoms
of a disease, physiological changes indicative
of the functional impairment of particular
organs, or small psychological or behaviou-
ral changes. The lack of appropriate
methods for assessing positive aspects of
health is particularly obvious when potential
environmental effects are considered: where
degradation of the environment has little ob-
vious effect on physical health, it may never-
theless seriously compromise the popu-
lation’s sense of wellbeing.

This chapter identifies the main health is-
sues in various parts of the WHO European
Region. The current health status of the Re-
gion’s population is described, and an analy-
sis presented of trends in available health in-
dicators over the last few decades. The in-
equalities in health status between popu-
lation groups are discussed at the end of the
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chapter. The issue of causality, however, and
the extent of the impact of environmental
factors, particularly on these inequalities, is
evaluated in Chapter 18.

The description of health largely deals
with the Member States of the Region in
three groups: the CCEE, the NIS and the
other countries; for the sake of convenience,
the last of these are referred to as western
countries.a

Since the size and demographic structure
of populations, as well as socioeconomic fac-
tors and lifestyle characteristics, are major
determinants of health, such background
data for the Region’s population are pres-
ented first.

4.2.1 Population size and
age structure

The WHO European Region encompasses
the European continent (i.e. that lying west
of the Ural Mountains), the central Asian re-
publics of the NIS, Israel and Turkey. In
1991, the Region had a population of 852
million [1], about 51 % of whom lived in
western countries (including 7% in Turkey
and Israel), 34% in the NIS and 15% in the
CCEE .

Over the last two decades, the Region’s
population has grown continuously, with a
15% increase between 1970 and 1991. The
rate of population growth, however, has var-
ied considerably. Between 1960 and 1975,
the eastern countries witnessed a steep de-

a Many of the data sources used in this chapter
(and particularly for the tables and figures) refer
to “European OECD countries” instead. These
data do not include those on Israel, Malta, Mon-
aco or San Marino.

4.2 Demographic, Socioeco-
nomic and Lifestyle Data

cline in the rates of population increase,
which has levelled off over the past few
years. In contrast, western European rates of
increase remained stable at around 0.8% be-
tween 1950 and 1970, but then fell to 0.1–
0.3%. At the end of the 1980s, a net natural
population increase was observed in most
countries. It exceeded 1% in a few (Albania,
Israel and Turkey); for several others the in-
crease was close to zero. In Austria, Den-
mark, the Federal Republic of Germany,
Hungary and Italy a negative change was ob-
served (down to a decrease of 0.2% in Hun-
gary).

These natural changes resulted from the
differences between birth and death rates.
The crude birth rate was 11–18 per 1000
population in most of the Region, with
higher rates (22–29 per 1000) in Albania, Is-
rael and Turkey. The crude death rate varied
from 9 to 12 per 1000 population in most
countries, with lower rates (6–8 per 1000) in
Albania, Iceland, Israel and Turkey and a
higher one (13.4 per 1000) in Hungary.
Based on the trends in birth rates, death
rates and other demographic factors such as
migration, the population of the Region is
projected to grow by some 16% in the next
35 years, reaching 990 million in 2025. Only
about a quarter of this increase, however, is
expected to occur in the western countries
[2].

In 1990, children under 15 years of age
comprised some 20% of the European Re-
gion’s population, the proportion ranging
from 17% to 25% in most countries and
reaching 35% in Turkey. People aged 65
years and over represented 13% overall (10–
18% in most countries; 4–5% in Albania and
Turkey). Thus, age distribution varies sub-
stantially between countries. Owing to the
declining birth rates and the growth of the
population aged 65 years and over, the age
composition of the Region’s population is
changing. By the year 2025, the proportion
of children is expected to decline to 16%,
and that of people 65 years and older to in-
crease to 20% [3]. The median age rose from
32.2 years in 1970 to 34.0 in 1990, and is ex-
pected to be 42.9 in 2025.
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4.2.2 Population distribution

With a total area of almost 28 million km2,
the average population density in the WHO
European Region is about 30 per km2. Five
countries (Belgium, Malta, Monaco, the Ne-
therlands and San Marino) have a popu-
lation density of more than 300 per km2, but
many more (Austria, Bulgaria, Croatia, Fin-
land, Greece, Iceland, Ireland, Norway, Ro-
mania, Slovenia, Spain, Sweden, Turkey, the
former Yugoslavia, and all the NIS except
the Republic of Moldova) have an average
population density of less than 100 per km2.
Chapter 5 (Fig. 5.1) discusses population
density in the parts of the Region west of the
Ural mountains.

The distribution of the Region's popu-
lation has changed significantly, and migra-
tory pressures are likely to increase in the
1990s. Population redistribution has shown
four major trends since 1950:

• continued movement from rural to urban
areas;

• movement from large urban areas to the
suburbs and to medium-size and smaller
peripheral towns;

• recent movement from urban and subur-
ban areas to small towns and villages in
rural districts in several countries; and

• movement between countries.

Various factors have influenced these move-
ments, including changes in national econ-
omies (with concomitant effects on the
economic fortunes of towns, cities and re-
gions); increasing levels of real income, edu-
cation and car ownership; improvements in
public transport; and significant changes in
preferred lifestyles.

The urban population of the Region is esti-
mated to have increased by some 75% be-
tween the 1950s and 1980s, although coun-
tries and groups of countries show substan-
tial differences in the rate of increase (see
also Chapter 1). From 1950 to 1970, growth
rates in urban areas of eastern Europe and
the USSR first declined and then stabilized.

In northern, western and southern countries
of the Region, urban population growth
reached a peak in the 1960s and then de-
clined, but at very different rates. In 1985,
people living in urban areas comprised 75%
of the population in the western countries of
the WHO European Region, 58% in central
and eastern countries and 65% in the USSR.
The definitions of urban areas vary between
countries: in some, administrative or histori-
cal considerations classify a settlement as
urban or rural. For this report, urban areas
in the European continent with populations
over 50 000 are classified as cities. Out of
700 million people in this area with
relatively complete population data, 314 mil-
lion (44.9%) lived in such cities at the end of
the 1980s.

In the European Community, migration
between countries virtually stood still in the
1970s and early 1980s. With the exception of
Ireland, net migration from weaker econ-
omic regions was close to zero, and even
slightly negative in some cases in the second
half of the 1980s. In contrast, the eastern
parts of the Region experienced consider-
able migration after the Second World War.
Until 1989, the Latvian SSR had the highest
population growth in the Region, owing to
immigration from the RSFSR,a the Byelorus-
sian SSR and the Ukraine.

With rates of natural increase declining,
net immigration became an important
source of population growth. As a result of
net immigration in the late 1970s, the popu-
lation of the western countries grew nearly
three times faster than it would have by natu-
ral increase alone. In countries such as the
Federal Republic of Germany, with a
negative natural population growth rate, an
increase in net immigration resulted in over-
all population growth.

4.2.3 Socioeconomic factors

Socioeconomic status is an important deter-
minant of health. It is measured by a variety

a The Russian Soviet Federal Socialist Republic,
now the Russian Federation.
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of indicators such as level of education, oc-
cupational category and income. These are
indirect measures of a complex interaction
between external factors such as living condi-
tions or the accessibility of adequate health
services, and personal characteristics such as
choice of lifestyles or attitudes to disease pre-
vention and health care.

Data from several western European
countries have suggested that the relative
level of income within a country or over time
is a more important determinant of health
than the mean absolute level [4].

Poverty and ill health are strongly and ob-
viously associated. On a global scale, poverty
is a less severe problem in the European Re-
gion than in some other parts of the world
[5]. Nevertheless, a considerable proportion
of people live close to or even below the offi-
cial minimum income level in many coun-
tries of the Region. Such circumstances are
likely to be associated with restricted access
to adequate food and health services, poor
housing, urban pollution and a lower level of
education (which, as well as economic fac-
tors, may influence choice of lifestyle); edu-
cational attainment also affects understand-
ing of hygiene and how to make the best use
of available health care services.

4.2.4 Lifestyle indicators

According to the estimates collected by the
WHO Regional Office for Europe from
population studies conducted in several
countries at the end of the 1980s, 20–45% of
the total population smoked cigarettes (Fig.
4.1). In most of the countries, more men
than women smoked; the greatest contrasts
were reported in Greece, Hungary and Por-
tugal, and in studies conducted in Moscow
and Tashkent. In other countries, the differ-
ences are smaller, however, and the opposite
pattern is observed in some. According to
data from several western countries of the
Region, the decreasing differences in smok-
ing between the sexes are particularly clear
in young people [6]. According to the esti-
mates of the Food and Agriculture Organiz-

ation of the United Nations (FAO) the con-
sumption of tobacco per head is declining in
the western and northern countries of the
Region [7]; this decline is expected to con-
tinue. Consumption is stable or rising in the
eastern and southern countries. Some of the
CCEE, such as Bulgaria, Hungary and Po-
land, show alarming levels and trends.

Registered annual alcohol consumption in
the Region, expressed as litres of pure alco-
hol per head, varied in 1990 from less than 1
litre per head in Israel and Turkey to over 12
in France and Luxembourg. Average con-
sumption in the Region rose until 1980 and
then a slow decline was observed, which ac-
celerated in the late 1980s to a level that was
20% lower in 1990 than that at the beginning
of the 1980s (Fig. 4.2). That acceleration
was mainly related to a 40% drop in regis-
tered alcohol consumption in the USSR in
the period 1985–1987; there was also an
average decrease of 13–15% in consumption
in other parts of the Region, except the Nor-
dic countries. The available figures do not re-
flect unregistered consumption, the extent of
which may vary between countries. For
example, the estimates for Norway indicate
that unregistered consumption amounts to
50% of that registered [8].

Much of the analysis presented below is
based on mortality data. Systems to collect
such data are the best developed and stan-
dardized, and broadly comparable data for at
least 20 years are available in almost all
countries of the Region. The national mor-
tality data used in this report were collected
by WHO headquarters. Causes of death are
coded according to the eighth or ninth revi-
sions of the International Classification of
Diseases (ICD8 and ICD9) and tabulated in
the defined groups of the ICD9 basic tabu-
lation list [9]. Rates were calculated for

4.3 Availability and Interpre-
tation of Health Data
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three groups of countries in the Region: the
CCEE, the former USSR and the western
countries. The relative similarity of the data
patterns in countries suggested this group-
ing, although the national data were used to
detect possible major deviations from group
levels and trends. Data on mortality at the
subnational level were collected from
national statistical publications and/or the

database of EUROSTAT.a The national fig-
ures for life expectancy were retrieved from
the health for all database of the WHO Re-
gional Office for Europe [8] and other WHO
sources [1].

Whenever data are available, an evalu-
ation of disease incidence or prevalence

a Statistical Office of the European Communities.

Fig. 4.1: Smoking prevalence in the WHO European Region in the early 1990s
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supplements the analysis of mortality. Data
on cancer incidence are based on publi-
cations of the International Agency for Re-
search on Cancer (IARC). To analyse the oc-
currence of congenital malformations, data
are used from both the International Clear-
inghouse for Birth Defects Monitoring Sys-
tems and a EUROCAT a report. In the analy-
sis, some indicators reported to the Regional

a European Registration of Congenital Anomalies
and Twins.

Office by Member States in the context of
monitoring progress towards health for all
are also used. Information on communicable
diseases and on mental disorders was sup-
plied by the units of the Regional Office that
deal with these issues. In addition, data pub-
lished in peer-reviewed scientific journals
and in national statistical publications were
used. Some of these are based on studies
conducted in selected populations, and
therefore cover only a part of the Region’s
population. As the methodology of such

Fig. 4.2: Registered annual consumption of pure alcohol in the WHO European Region, 1970–1990
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studies differs and the results are difficult to
compare, these data have limited usefulness
for a comprehensive assessment of health in
the Region.

Infant mortality is traditionally considered
an indicator of the state of health of a popu-
lation [10]. Infant mortality has consistently
decreased in the European Region in the
past 20 years. The average rate was 26.1

4.4 Infant Mortality

deaths per 1000 live births in 1970, 16.0 in
1980 and 10.0 in 1991, a decrease of 62%.

This trend was present in all European
countries but with distinct and stable differ-
ences in infant mortality rates in different
parts of the Region (Fig. 4.3). In 1990 infant
mortality rates were 7.5 per 1000 in the west-
ern countries, 16.9 per 1000 in the CCEE
and 22.0 in the USSR. The relative risk of
dying within the first year of life was 2.3 and
2.9 for infants born in the CCEE and USSR,
respectively, in comparison with those born
in western countries.

During the period 1986–1990, infant mor-
tality rates were 8.1 per 1000 live births in

Fig. 4.3: Infant mortality in the WHO European Region by groups of countries, 1970–1990
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the western countries, 18.8 in the CCEE and
22.0 in the USSR. When data for the last
available year (1989–1991) were analysed by
country (Fig. 4.4) the highest rates were
found in Romania (22.73 per 1000), the
USSR (21.96 per 1000) and Yugoslavia
(19.27 per 1000). The present position, in
terms of the new targets for reduction of in-
fant mortality in the European Region [11]
is as follows: 52% of children (6.0 million in-
fants) are born in countries in which the in-
fant mortality rate exceeds the target level of
15 per 1000, 8.6% (1.0 million) in countries

in which the target of 10 per 1000 has not yet
been met, and 39.4% (4.5 million) where the
target of 10 per 1000 has already been
reached.

The main causes of infant mortality differ
markedly between groups of countries
(Fig. 4.5). The most common causes of in-
fant death in the western countries and the
CCEE were asphyxia and immaturity, re-
sponsible for 41% and 39%. In the USSR,
these causes were responsible for 34% of in-
fant deaths, with deaths due to infectious dis-
eases being the most common. For almost

Fig. 4.4: Infant mortality in the WHO European Region by country, last available year (1989–1991)
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all main causes, the rates were higher in the
CCEE and the USSR than in the western
countries with the exception of the sudden
infant death syndrome and other ill-defined
conditions, which were responsible for 1.4
deaths per 1000 in the western countries, 0.9
in the CCEE and 0.5 in the USSR. Rates dif-
fered most strikingly for deaths caused by in-
fectious diseases, which ranged from 0.4 per
1000 live births in the western countries,
through 4.7 in the CCEE, to 9.2 in the
USSR. These differences clearly indicate
that infectious disease is the priority area for
intervention to reduce infant mortality in the
CCEE and NIS.

4.5.1 Life expectancy

Life expectancy is a widely available indi-
cator of the state of health of a population,

4.5 Life Expectancy and Total
Mortality

calculated from registered data on age-spe-
cific mortality and age structure.

Taken overall, life expectancy has in-
creased in the European Region. Trends
differ between groups of countries and age
groups. Fig. 4.6 gives weighted mean life ex-
pectancy figures by age for the three groups
of countries. Life expectancy at birth in-
creased in the 1970s and 1980s, by 4.5 years
to 76.5 years in the western countries and by
1.9 years to 71.23 years in the CCEE. An in-
crease was also seen in the USSR in the
1980s but, after a marked increase to 69.8
years in 1986, life expectancy at birth stag-
nated or even declined at the end of the dec-
ade. In the western countries, life expectancy
increased at all ages after infancy. This was
not the case in the CCEE, where no im-
provement was seen at ages 1, 15 and 45
years; only at 65 years did life expectancy in-
crease (by 1 year, in contrast to a rise of 2.1
years in the western countries). The figures
for the USSR, available for the years 1981–
1990 only, indicate a decrease in life expect-
ancy for all ages at the end of the decade.

Time trends for life expectancy at 15 and
45 years were further studied by sex and

Fig. 4.5: Main causes of infant mortality in the WHO European Region, 1986–1990
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country group (Fig. 4.7). For all groups of
countries, life expectancy was higher in fe-
males than in males. On the other hand,
while the increase in life expectancy was
more or less similar for males and females in
the western countries, the pattern in the
CCEE and USSR was quite different. In the
1980s a slight increase, smaller than that ob-
served in the western countries, was ob-
served for females in the CCEE and USSR,

but life expectancy for young and middle-
aged males clearly decreased, from the 1980s
in the CCEE and in the second half of that
decade in the USSR.

In summary, life expectancy data clearly
indicate that young and middle-aged males
in the CCEE and USSR experienced a
marked deterioration in health status in the
1980s.
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Fig. 4.7: Life expectancy in the WHO European Region by sex and age, 1970–1990
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4.5.2 All causes of mortality

The age-specific mortality of the Region’s
population was used to interpret the differ-
ences and changes in life expectancy be-
tween the groups of countries. At the end of
the 1980s, the mortality rates in the CCEE
were higher than in the western European

countries in all age groups. The rates in the
USSR were even higher (Fig. 4.8) except
those for people aged 65 years and over. In
the western countries, a downward trend in
mortality was observed in all age groups and
both sexes, with the most rapid improvement
in younger people. In the CCEE, mortality
also declined significantly in children aged

Fig. 4.8: Age-specific mortality from all causes in the WHO European Region, by sex, 1970–1990
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1–14 years, but the differences in mortality
between the groups of countries tended to in-
crease for most of the period.

The trends in mortality differed markedly
between the groups of countries in those
aged 15–64 years. The most striking was the
increase in total mortality in men aged 45–
64 years in the CCEE. Until the mid-1970s,
this group showed similar downward trends
in mortality in the CCEE and western coun-
tries, with the rates in the eastern countries
higher by about 23%. The trend then
changed, and the difference in rates in-
creased to over 60% of the western level at
the end of the 1980s. In women aged 45–64
years, an upward trend in the rates was ob-
served in the CCEE at the beginning of the
1980s; this stabilized later. With a decline in
mortality in western countries, however, the
difference in mortality rates increased from
14% at the beginning of the 1970s to over
50% at the end of the 1980s. A similar pat-
tern was seen in females aged 15–44 years.
The differences in mortality resulted from a
steep decline in mortality in the western
countries and the stabilization of the rates in
the CCEE.

In men aged 65 years and over, the levels
and trends in mortality were very similar in
all groups of countries until the mid-1970s.
Then the rates increased in the CCEE but
the difference did not exceed 25% of the
western rates. Mortality in women aged 65
years and over was less than 10% higher in
the CCEE than in western countries in the
early 1970s, but changes similar to those ob-
served in men led to a 30% difference by the
mid-1980s.

A similarly detailed comparison cannot be
made for the former USSR, since sequential
data sets have only been available since
1986. During this period, however, age-spe-
cific mortality has risen as much as or more
than that in the CCEE. Only in the group
aged 1–14 years have mortality rates de-
creased, although they are still significantly
higher than in the western countries or the
CCEE.

4.5.3 Spatial patterns at the sub-
national level

Mortality patterns vary not only between but
also within countries. To illustrate this, the
age-standardized death rates were calculated
for the subnational administrative areas of
the Region, using an indirect method of stan-
dardization, with a common standard for
males and females based on the mortality
data of all Member States. The standardiz-
ation was used to eliminate the impact of dif-
ferences in age structure on the mortality
level in the compared areas. The data for the
last available year were used: 1990 for most
countries, 1985 for seven European Commu-
nity countries and Norway, and 1991 for the
Moldavian SSR, Romania and the RSFSR.
For a few countries, only national data were
available.

The age-standardized rates of mortality
from all causes showed a rather consistent
pattern of difference between the groups of
countries (see Maps 4.1 and 4.2a). Most of
the 10% of the male population in the Re-
gion with the highest death rates lived in the
RSFSR, although males in some areas of
Hungary and Romania had similar death
rates. Males from most of the remaining
areas of the CCEE and the USSR had mor-
tality rates above the median level; the excep-
tions were some parts of Bulgaria. None of
the areas of the western countries belonged
to the upper quartile of mortality distribu-
tion. Of the males in the Region with the lo-
west mortality, 10% lived in Greece, south-
ern Italy and parts of Norway, Spain,
Sweden and Switzerland. The pattern in fe-
males showed some similarities. The highest
rates were seen in Bulgaria, Hungary and Ro-
mania but in a markedly smaller part of the
RSFSR than for males. Relatively high fe-
male mortality was also seen in Scotland and
northern England. The lowest rates were
found in Italy, the Netherlands, Norway,
Sweden and Switzerland, and in northern
Spain.

a Maps 4.1 and 4.2 will be found between Chapters
4 and 5.
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4.6.1 Structure of total mortality by
cause

In all countries of the European Region, the
most common causes of death are cardiovas-
cular diseases and cancer (Table 4.1). At the
end of the 1980s, these were responsible for
over 68% of all deaths in the Region. The
proportion of cardiovascular diseases in-
creased in the CCEE and USSR and de-
creased in western countries in the 1970s
and 1980s. The proportion of cancer mortal-
ity increased in all parts of the Region, par-
ticularly in the western countries. The third
leading cause of death – injury and poison-
ing – had a relatively stable proportional
mortality, while deaths due to respiratory
diseases were less frequent at the end of the
1980s, and the contribution of infectious dis-
eases to total mortality was reduced to half
the 1970 level.

To a large extent, the distribution of
causes within total mortality reflects the
relative frequencies of diseases in the oldest
age groups. Groups aged under 45 years
showed a different pattern (Tables 4.2 and
4.3). Injury and poisoning accounted for
some 40–60% of all deaths in young males.

4.6 Occurrence of Selected
Diseases

Among females aged 15–44 years, cancer
was the most frequent cause of death in the
western countries and the CCEE, injury and
poisoning in the USSR.

4.6.2 Selected groups of diseases

The following sections describe the situation
for the diseases that are the most prevalent
in the Region or cause most public concern.
The analysis usually deals with wide groups
of diseases, not particular diagnostic entities.
Such grouping reduces problems related to
possible differences between countries in
diagnostic and reporting practices, and is im-
posed by the routine tabulation of diagnoses
in some cases. Mortality data largely consti-
tute the basis for the assessment. Whenever
possible other data, from registers or special
studies, follow the mortality analysis. While
the differences in disease frequencies be-
tween the groups of countries receive the
main emphasis, all data from individual
countries have been analysed to detect any
major deviations from the group patterns.

Cardiovascular diseases

The frequency of deaths due to cardiovascu-
lar diseases increases markedly with age
(Fig. 4.9). Throughout the Region, these dis-
eases lead to fewer deaths in children than
other major causes. Among males and fe-

Table 4.1: Structure of mortality (percentages of deaths) in the WHO European Region by main causes of death,
1970 and 1988/1989
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males aged 15 years and over, the mortality
due to cardiovascular diseases was markedly
lower in the western countries than in the
CCEE or the USSR. Owing to a decreasing
trend in the western countries, and an in-
crease or at best stabilization of the rates in
the other two groups, the difference in mor-

tality increased from nonexistent or small
(not exceeding 33%) at the beginning of the
1970s to 100–150% in people aged 15–64
years and to 66% in the oldest age group at
the end of the 1980s. An exception from the
pattern in the eastern countries was the
stable or decreasing mortality in the German

Fig. 4.9: Age-specific mortality from cardiovascular diseases in the WHO European Region, by sex, 1970–1990
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Democratic Republic. Within the groups of
countries, the highest national rates (in Hun-
gary) exceeded the lowest (in the German
Democratic Republic) by a factor of 1.3
(in people aged 65 years or over) to 2.8 (in
males aged 15–44 years).

The limited data on morbidity reported by
some countries confirm that cardiovascular
diseases are very common in the Region,
and are more frequent in the CCEE than in
the western countries [8,12]. The prevalence
of these diseases was estimated to be 9–15%
in Finland, the Netherlands, Norway and
Sweden, 25% in Czechoslovakia and 31% in
Romania. Although the definitions and re-
porting systems used in various countries are
not compatible, these data indicate that a
substantial proportion of the adult popu-
lation of the Region suffer from cardiovascu-
lar disorders.

An important source of information on
morbidity from cardiovascular diseases is the
WHO project on monitoring of trends and
determinants in cardiovascular diseases
(MONICA), conducted in defined commu-
nities of 27 countries throughout the world
and including several European centres. The
comparison of trends in mortality, using well
standardized criteria, confirms decreases in
disease frequency in several western coun-
tries of the Region and an increase in eastern
centres over the 1980s [13,14].

The main recognized risk factors for car-
diovascular diseases, and coronary heart dis-
ease in particular, are hypertension, high
blood cholesterol and tobacco smoking. Pre-
ventive strategies concentrate on these fac-
tors [15]. Less clear are the roles of obesity
and inadequate physical activity, interrelated
factors that may be correlated with one of
the three main risk factors. Several other life-
style factors may also have a direct or indi-
rect impact on the development of cardiovas-
cular diseases, such as a diet rich in satu-
rated fat (which is associated with a high
cholesterol level) or in salt (which is associ-
ated with increased blood pressure). Genetic
predisposition to these diseases is also con-
sidered important [16].

Cancer

The differences in the European Region in
mortality from cancer are less dramatic than
those seen for cardiovascular diseases and
depend on the age group (Fig. 4.10). Among
children aged 1–14 years, cancer mortality
has declined throughout the Region but,
owing to a faster decline in western coun-
tries, excess mortality appeared in the other
two groups of countries by the late 1970s. By
the late 1980s, the rates in the CCEE ex-
ceeded those in western countries by 22%,
but mortality was even higher in the USSR.
In the group aged 15–44 years, cancer mor-
tality in both sexes increased in the CCEE
and declined or stabilized in the western
countries. As in the younger age group, this
led to a marked difference in rates by the end
of the 1980s, from similar levels 20 years ear-
lier. This pattern was repeated in the group
aged 45–64 years, although in women the
differences between the groups of countries
remained very small. In this age group, some
deviation from the general pattern observed
for the western countries was seen in men in
France and Italy: an increase in mortality in
the early 1980s, with subsequent stabiliz-
ation. Data on the USSR were less compre-
hensive, but the trend in cancer mortality in
the second half of the 1980s was similar to
that in the CCEE.

In the group aged 65 years and over,
cancer was more frequently diagnosed as a
cause of death in western countries than in
the CCEE or the USSR. All three groups
showed an upward trend, and the differences
in rates between them remained the same
throughout the 1970s and 1980s. At the end
of the 1980s, the mortality rates exceeded
the level for the early 1970s by 9–18%.

The ratio of the highest to the lowest
national rates within the groups of countries
ranged from 1.5 to 2.3. The greatest differ-
ence was found in people aged 65 years and
over in the CCEE, resulting from compari-
son of high rates in Hungary with low rates
in Romania.

Differences in diagnostic and coding prac-
tices between and within countries may
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hamper a more detailed analysis of geo-
graphical variation in cancer mortality, in-
cluding cancer sites [17]. The overall dis-
tribution of the most common types of fatal
cancer, as reflected in the mortality stat-
istics, however, should roughly correspond

to cancer site distribution in the Region’s
population. Recent IARC publications
[17,18] provide extensive discussion of the
spatial and temporal patterns in cancer mor-
bidity and mortality.

The types of cancer most commonly diag-

Fig. 4.10: Age-specific mortality from cancer in the WHO European Region, by sex, 1970–1990
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nosed as causes of death differ in males and
females. Fig. 4.11 illustrates the proportional
contributions of the types of cancer that
caused over 3% of all cancer deaths in at
least one group of countries. In males,
cancer of the trachea, bronchus and lung
caused about 30% of cancer deaths in the
Region, but mortality varied markedly be-
tween countries and was over twice as high

in countries with the highest rates (Czechos-
lovakia, Hungary, the Netherlands and the
United Kingdom) than in those with the lo-
west rates (Iceland, Portugal and Sweden).
In females, this type of cancer was much less
frequent than in males (from 1.4 times less
frequent in Iceland to 8.8 times in Spain) but
was responsible for a greater proportion of
cancer deaths in the western countries than

Fig. 4.11: Proportional mortality due to cancer by type in the WHO European Region, 1989–1990
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in the rest of the Region. The dominating
risk factor for lung cancer is tobacco smok-
ing: about 85% of all cases in males is at-
tributable to it [19]. Exposure to high levels
of radon gas may be a significant risk factor
for lung cancer in areas with uranium-bear-
ing rocks, but the risk is greater for smokers
than for nonsmokers (see Chapters 12 and
18).

In females, breast cancer was the most
common cause of death. The highest mortal-
ity rates were registered in Austria, the Fed-
eral Republic of Germany, the Netherlands
and the United Kingdom, and the lowest in
the USSR and Yugoslavia. The factors that
determine the incidence of breast cancer are
uncertain at present [20]. Several lifestyle
factors (having a late first child, giving birth
after the age of 35 years, prolonged use of
oral contraceptives, increased alcohol intake
and post-menopausal body mass increase)
have been suggested to be relevant, as well as
genetic predisposition. A diet rich in fat is
also considered a possible risk factor.

Stomach cancer was a relatively common
cause of death in both sexes but its frequency
is declining in general. The mortality rates
varied markedly, being highest in Portugal
and the USSR, and in a group of countries in
central and southern Europe. The lowest
rates were noted in France, Greece, Iceland
and Ireland. A more detailed analysis, con-
ducted by IARC for nine countries of the
European Community, indicates a distinct
subnational pattern of mortality due to stom-
ach cancer [17]. Among the factors sus-
pected of increasing the risk of stomach
cancer is a diet rich in starchy food (such as
wheat, potatoes and beans) and smoked,
salted and fried foods. The consumption of
green vegetables and citrus fruit is thought
to decrease the risk. No convincing evidence
has been found to incriminate nitrates and
nitrites in drinking-water [19].

Cancer of the colon and rectum were fre-
quently considered together because of poss-
ible difficulties in correct diagnosis and clas-
sification. Both types are relatively common
causes of death from cancer in both sexes.
More specific data show that the mortality

rates in females were close to those in males
for colon cancer, but lower for cancer of the
rectum. The mortality in Austria, the Federal
Republic of Germany and Hungary was
three times that in Greece or Yugoslavia.
Dietary factors seem to influence the risk of
colon and rectum as well as stomach cancer.
A high intake of fat is thought to increase the
risk, while the consumption of vegetables or
fibre may reduce it.

Prostate cancer was one of the most com-
mon forms of malignant disease in men, al-
though very rare in those aged under 50
years. Mortality rates varied widely between
countries, and the proportion of all cancer
deaths caused by prostate cancer ranged
from 3% in the USSR to 11% in western
countries. The death rates in France, Nor-
way and Sweden were four to seven times
those in Poland, the USSR and Yugoslavia;
the rates for men aged 65 years and over
showed less variation and differed by a factor
of three to four. The etiology of this type of
cancer is unclear, but hormonal factors are
likely to be implicated.

The mortality rates for leukaemia differed
little between the three groups of countries.
The known environmental hazards are un-
likely to account for the majority of cases.
High doses of ionizing radiation un-
doubtedly cause some types of leukaemia, al-
though quantitative estimates of the impact
of low doses are still being studied. Evidence
on the role of electric and magnetic fields is
inconclusive but any increase in risk appears
to be very small (see Chapter 11). Occupa-
tional exposure to some chemicals (such as
chronic exposure to benzene) and the treat-
ment of prior malignant diseases with che-
motherapeutic agents are known risk factors
for some forms of leukaemia, and infections
may have a role in the etiology of some types
of childhood leukaemia.

The incidence of cancer markedly exceeds
the number of deaths that result. Relevant
data are available for approximately 26% of
the Region’s population, but the coverage
and quality of registration data varies signifi-
cantly [20]. For western countries, however,
incidence exceeded mortality by 1.4 times
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(in men aged 65 years and over) to 4.5 times
(in women aged 0–44 years) [21, 22]. For
1980, crude rates of cancer incidence (at all
sites except the skin) were estimated to range
from 243 to 374 cases per 100 000 males,
and from 212 to 341 per 100 000 females,
with lower numbers estimated for eastern
Europe (defined as the CCEE without Yu-
goslavia) [23].

Malignant melanoma of the skin shows
markedly different trends in incidence and
mortality rates. In general, it is not a fre-
quent disease, comprising less than 1% of all
cases of cancer. A rapid increase in inci-
dence (up to 20–30% every five years), how-
ever, has been observed in some populations
in the last 2–3 decades [18]. The highest
incidence in the Region is in the Nordic
countries, but the incidence is increasing as
fast in eastern Europe as in western coun-
tries. The increase in mortality is much
slower (some 10% every five years), prob-
ably owing to improved early diagnosis and
treatment of less advanced cases. The most
important current risk factor is intentional
exposure to ultraviolet radiation while sun-
bathing (see Chapter 11).

Projections made for some countries of
the Region suggest that cancer mortality will
increase. For EU countries, a 31% increase
(with 17% attributed to the increasing pro-
portion of older people in the population)
was predicted to occur between 1982 and
2000 [24]. Another analysis predicts that,
even if progress in screening programmes
and treatment leads to reduced mortality in
some populations, the incidence of cancer
may still increase in the next 10 years [21].

Respiratory diseases

While diseases of the respiratory system are
a less frequent cause of death than cardiovas-
cular diseases or cancer, and their share in
total mortality has diminished, they remain
an important problem in some parts of the
Region. In the USSR, respiratory diseases
(mainly pneumonia and other acute respir-
atory infections) were diagnosed as the
cause of death in about 25% of children aged

1–14 years (Tables 4.2 and 4.3). In the rest
of the Region, this cause of death in children
was less important: the mortality rates in the
USSR were 3 times those in the CCEE and
more than 20 times those in the western
countries. In the group aged 65 years and
over, deaths due to respiratory diseases con-
stituted a greater share of all deaths in the
western countries of the Region than in the
remainder, although chronic respiratory dis-
eases were most common in older people in
all groups of countries.

Among children aged 1–14 years, mortal-
ity from respiratory diseases decreased in the
western countries and the CCEE from 1970,
and in the USSR from 1980 (Fig. 4.12). In
both the CCEE and the USSR, the rates in
children exceeded the mortality in adults
(those aged 15–44 years). This pattern is the
opposite of that observed for the western
countries and of that characteristic of most
other causes of death.

Among adults, the mortality rates in fe-
males declined over the last two decades in
all groups of countries (by 25–55% of the
level in the early 1970s). A remarkable ex-
ception was the trend in females in Den-
mark, mainly because of an increase in mor-
tality from bronchitis, emphysema and
asthma (see below). An improvement was
also seen among males, but the trend in the
CCEE was less stable than that in the west-
ern countries, particularly for the groups
aged 15–64 years. This was due to an in-
crease in respiratory mortality in Hungary
and Romania around 1980. Mortality rates
for respiratory diseases varied more within
groups of countries than those for other fre-
quent causes of death. The ratio of the hig-
hest to the lowest national rates varied from
1.7 to 3.5 in men and women aged 65 years
and over in the western countries, mainly
owing to high rates in Ireland; the ratio was
4.5 in males aged 15–44 years in the CCEE,
owing to very high mortality in Romania.

Chronic airways diseases, including bron-
chitis, emphysema and asthma, are an im-
portant group of respiratory diseases. They
affect large parts of the population and may
severely restrict normal activity for decades
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of life. Owing to improvements in treatment,
these diseases have tended to cause fewer
deaths in recent years than at the beginning
of the 1970s (Fig. 4.13). This improvement is

most visible in people aged 45–64 years, and
particularly in western European males,
where mortality rates were three times lower
at the end of the 1980s than 20 years before.

Fig. 4.12: Age-specific mortality from diseases of the respiratory system in the WHO European Region, by sex,
1970–1990
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A markedly different trend was observed
among Danish women aged 45–64 years; the
rates for this group were average for a west-
ern country in 1970, but had tripled by the
late 1980s. The rates for Danish men of the
same age did not rise, although they were

relatively high. Improvement is less evident
in younger people, in whom asthmatic rather
than obstructive forms of respiratory disease
are more frequent.

In the USSR, the trend was the opposite
of that seen in other countries. To some ex-

Fig. 4.13: Age-specific mortality from bronchitis, emphysema and asthma in the WHO European Region, by sex,
1970–1990
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tent, this may be due to differences in diag-
nostic practice, since the overall mortality
due to respiratory diseases does not follow
the trend seen for chronic airways diseases.

The prevalence of chronic bronchitis and
chronic nonspecific respiratory disease, as-
sessed in studies conducted in selected adult
European populations in the past 20 years,
varies considerably between populations and
depends on smoking status and age (Table
4.4). The accumulated evidence indicates
that close to 10% of the total adult popu-
lation may suffer from chronic nonspecific
respiratory disease. Data from the Latvian
and Lithuanian SSRs and Poland suggest a
decrease in prevalence of the disease in
adults in the 1980s [30,31]. Comparable
data on asthma prevalence are available
from only a few countries. Asthma diag-
nosed by a physician was recently reported
in 5–6% of adults in Sweden [28], in 5% of
adults in Ireland [32] and in 6–7% in a Swiss
study [29]. Preliminary reports from a re-
spiratory health study under way in the Euro-
pean Union indicate that the annual inci-
dence of asthmatic attacks amounts to 3–4%
in adult populations in several locations in
Italy and 2–3% in several Nordic countries
[33–36]. In Italian schoolchildren, the
prevalence of asthma was found to be about
6% [37]. Recent studies from England [38]
and from the Nordic countries [28] suggest
that the prevalence of asthma is increasing in
some parts of the population. Similar con-

clusions emerge from a study completed in
the United States [39].

While tobacco smoking is the main risk
factor for chronic obstructive airways dis-
ease, outdoor and indoor air pollution (both
occupational and residential) has a signifi-
cant contributory role. Host factors (bron-
chial hypersensitivity and atopy) are import-
ant risk factors for asthmatic forms of
chronic airways disease, and several chemi-
cal and biological pollutants present in out-
door and indoor air, as well as in the work-
place, may induce or aggravate asthma
[40,41].

Injury and poisoning

Although injury and poisoning are respon-
sible for less than 7% of all deaths in the
western countries and the CCEE, and for
less than 10% in the former USSR, they re-
main the leading cause of death in males
aged 1–44 years and females aged 1–14
throughout the Region.

In the western countries, the mortality
rates have declined in all age groups and
both sexes for most of the past two decades
(Fig. 4.14). A deviation from this pattern was
observed in Finland, where mortality in
males and females aged 15–64 years de-
clined in the 1970s and the beginning of the
1980s but recently rose by 20%, leading to a
return to the level observed in the early
1970s.

Table 4.4: Prevalence of chronic bronchitis (CB) and chronic nonspecific respiratory disease (CNRD) reported by
epidemiological studies in the WHO European Region
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Fig. 4.14: Age-specific mortality from injury and poisoning in the WHO European Region, by sex, 1970–1990
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In the CCEE, the mortality from injury
and poisoning was higher than that in the
western countries by almost 100% in males
and 70% in females during most of the past
two decades, and decreased more slowly. An
increasing trend was seen in most age groups
in Hungary, and in the oldest group of
women in Czechoslovakia. In these groups
the rates were higher by 25% in the late
1980s than 20 years earlier.

In the USSR, mortality due to external
causes for people under 65 years exceeded
the rates observed in the rest of the Region
by at least 100%, with a further increase at
the end of the 1980s in males aged 15–64
years. In older people, the rates in men were
similar to those elsewhere in the Region, and
the rates in women markedly lower, but the
trends were increasing.

The variation within groups of countries
was substantial. The highest rates exceeded
the lowest by a factor of more than four, in
both the western countries and the CCEE.
In the latter, this was mainly due to relatively
high rates in Hungary. In western Europe,
relatively high rates were observed in Den-
mark, Finland, France and Spain.

The main causes of fatal accidents were
road traffic accidents, and suicide or self-in-
flicted injuries. In males, these two causes
were responsible for 83% of accidents in the
western countries, 76% in the CCEE and
62% in the USSR. In females they were re-
sponsible for 50%, 53% and 58% of acci-
dents, respectively. Accidental poisoning
was identified most often in the USSR: in
21% of all fatal accidents to both sexes. This
markedly exceeded the proportion of acci-
dental deaths attributed to poisoning in the
CCEE (8% in males and 6% in females)
and the western countries (3% in males and
5% in females). The mortality rates due to
accidental poisoning were extremely high in
the USSR (24 per 100 000 in males and 6
per 100 000 in females), more than three
times the rates in the CCEE and over ten
times those in the western countries. The
only country reporting similar mortality
rates was Finland (17 per 100 000 in males
and 4 per 100 000 in females). Chapter 16

gives a more detailed analysis of traffic acci-
dents.

Congenital malformations

Congenital malformations are one of the few
causes of morbidity for which data are avail-
able for several countries or subnational
areas. Two major networks are operating in
Europe: EUROCAT (see footnote on page
95) and the International Clearinghouse for
Birth Defects Monitoring Systems, an inter-
national nongovernmental organization for
worldwide monitoring [42,43]. Two registers
report data from the CCEE (the former Cze-
choslovakia and Hungary), but there are no
data from the NIS. The registers cover the
whole population in only a few countries:
Denmark, Finland, Hungary, Luxembourg,
Malta, Norway and Sweden. In some other
countries, such as the former Czechoslova-
kia and the United Kingdom, large parts of
the population are included. Some registers
(those in Israel and Italy) are based on se-
lected areas spread across the country.
Others collect information from small parts
of a country.

Cumulative data for the period 1980–1988
were used to explore the differences in pat-
terns of birth defects in the European Re-
gion. The limited extent of and different
methods used for population coverage by the
various registers hampered a more compre-
hensive analysis of spatial patterns of occur-
rence of malformations. Five types of mal-
formation were selected which should be ea-
sily diagnosed at birth. This minimized the
possibility of ascertainment bias.

Fig. 4.15 shows the cumulative incidence
rates at birth, by register and type of mal-
formation. Data show marked differences be-
tween countries. The ratio between the hig-
hest and lowest rates (after excluding the two
extreme values to minimize the effect of out-
liers) is 3.4 for anorectal atresia, 2.8 for cleft
lip, 2.4 for limb reduction defects, 2.3 for oe-
sophageal atresia and 2.1 for cleft palate.

Even for the types of malformation chosen
for this analysis, some degree of variation in
ascertainment and reporting cannot be ex-
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cluded. Registers differ in several important
characteristics, such as the source of data
(hospital-based or population-based), work-
ing definitions of the malformations, length
of follow-up after birth, composition of coor-
dinating unit (clinical or statistical) and type

of notification (voluntary or mandatory). Es-
timating the proportion of the differences in
rates that is attributable to ascertainment is
difficult, although various methods have
been proposed [44]. It is unlikely, however,
that differences of the magnitude observed

Fig. 4.15a: Incidence at birth of limb reduction defects, oesophageal atresia, anorectal atresia, cleft lip and cleft
palate recorded in some registers in the WHO European Region, 1980–1988
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here are due only to ascertainment prob-
lems. Other factors such as lifestyle and gen-
etic predisposition may well play a signifi-
cant role.

The incidence of congenital mal-
formations has been judged to be an indi-

cator of environmental effects on health
[45] although the sensitivity of registers to
detect variations in incidence at birth over
space and time has been questioned [46].
The available data do not indicate any pat-
tern in geographical distribution. Environ-

Fig. 4.15b: Incidence at birth of limb reduction defects, oesophageal atresia, anorectal atresia, cleft lip and cleft
palate recorded in some registers in the WHO European Region, 1980–1988
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mental exposure has been suspected of being
the cause of a cluster of congenital mal-
formations [47].

Communicable diseases

As mentioned, infectious and parasitic dis-
eases have had a diminishing role as a cause
of death in the Region over the past two dec-
ades. The average age-standardized death
rates for the Region declined from 18.9 per
100 000 population in 1970 to 6.7 in 1990.
In the USSR, mortality was markedly above
the average at the end of the 1980s, and the
decline was slower: from 24.8 deaths per
100 000 in 1970 to 17.2 in 1990. In Israel,
however, mortality from infectious diseases
increased: from 13.6 deaths per 100 000 to
14.2. At the end of the 1980s, the mortality
rates ranged from 3–4 per 100 000 in several
countries (Austria, Czechoslovakia, the Ger-
man Democratic Republic, Iceland, Italy
and the United Kingdom) to 17 per 100 000

in Albania and the USSR. The main fatal in-
fectious diseases were respiratory tuberculo-
sis, which accounted for up to 45% of all
deaths in this group of diseases in several
countries, and various forms of septicaemia.

Registers of infectious diseases exist in all
countries of the Region and provide an im-
portant basis for the management of epi-
demics and for assessing the effectiveness of
vaccination programmes and other preven-
tive measures. The incidence of several infec-
tious diseases has markedly decreased in
most countries, and several countries have
reached a stage at which diphtheria, polio-
myelitis and neonatal tetanus do not occur.
This is due to effective immunization pro-
grammes. Inadequate maintenance of pre-
vention programmes seems to be the reason
for the dramatic increase in diphtheria in
some of the NIS, mainly the Russian Feder-
ation and Ukraine; 3130 cases were reported
in 1991 and 5703 in 1992. The more recent
data indicate that over 15 000 cases of diph-

Fig. 4.15c: Incidence at birth of limb reduction defects, oesophageal atresia, anorectal atresia, cleft lip and cleft
palate recorded in some registers in the WHO European Region, 1980–1988
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theria were registered throughout the Rus-
sian Federation in 1993 [48].

In addition, poliomyelitis seemed close to
elimination but recurred in the Region at the
beginning of the 1990s. In 1992, however,
170 cases were reported: 52% less than in
1991. Of these, 64 cases occurred in the Ne-
therlands in members of religious groups
that refuse vaccination.

Further, the AIDS epidemic continues,
with a slower increase in the annual number
of new cases in 1991 and 1992 than in pre-
vious years. In mid-1993, the cumulative
number of cases in the Region was estimated
to be close to 100 000 [49]. The highest
cumulative rates per 100 000 population are
observed in Spain (51), Switzerland (47),
France (45) and Italy (31). Over 67% of all
AIDS cases in the Region were registered in
these four countries.

Several other infectious diseases are still
prevalent in the Region’s population. The
incidence of tuberculosis is declining on
average, falling from 59 cases per 100 000
population in 1974, through 34 in 1985, to
29 in 1990. Romania showed a different
trend, however, with the incidence increas-
ing from 46 cases per 100 000 in 1985 to 70
in 1990. While the incidence of tuberculosis
was high in Portugal (52 cases per 100 000
in 1990) it showed a decreasing trend over
the 1980s. In several of the western coun-
tries the decline in notification has recently
ceased, and the trend has reversed in some.
It is unclear to what extent this deterioration
is due to social and economic factors,
multiple drug resistance or, in some coun-
tries, to the spread of HIV infection.

Hepatitis remains a public health problem
in many countries. Although it has much less
direct impact on mortality than tuberculosis
its complications can be serious, including
liver cancer, which occurs with an increased
frequency also among carriers of the hepati-
tis B virus. The average incidence of hepati-
tis A remained almost constant in the Re-
gion (146 cases per 100 000 in 1980 and 156
in 1990) but some countries showed a rapid
increase between 1980 and 1990 (from 225
to 321 cases per 100 000 in Romania and

from 111 to 268 in Bulgaria). Several coun-
tries, however, report an incidence not ex-
ceeding 10 cases per 100 000. Similar
contrasts between countries were seen for
hepatitis B incidence, with the rates ranging
from 0.6 cases per 100 000 in Ireland and
the United Kingdom to 37–43 per 100 000
in Poland, Romania and the USSR at the
end of 1990.

Mental disorders

Mental disorders do not lead to death as di-
rectly as many other diseases, but alcohol
abuse, depression and anxiety disorders and
aggressive behaviour – the most common
mental disorders – have been found to pre-
cede the majority of suicides [50]. Since
mortality registration includes information
on suicides, this aspect of mental disorder is
available for international analysis. At the
end of the 1980s, 13 suicides per 100 000
population were registered in the European
Region, which means that suicides caused
1.5% of all deaths and 23% of deaths due to
“non-natural causes”, that is, injury and poi-
soning.

The patterns of suicide incidence in the
Region differ from the distribution of other
causes of death. Suicide was most frequent
in Finland and Hungary, where the rates ex-
ceeded the European average by factors of
2.1 and 2.9, respectively (Fig. 4.16 and 4.17).
The lowest rates were registered in most of
the Mediterranean countries and the Nether-
lands and the United Kingdom. It must be
recognized, however, that possible underre-
porting of suicides as a cause of death in
some countries may hamper an international
comparison. Deaths due to suicide were al-
most 2.8 times more frequent in males than
in females, with the ratio ranging from 1.8 in
the Netherlands to over 5 in Iceland and Po-
land. On average, mortality from suicide
tended to decrease in the last decade, but
more countries noted an increase rather
than a decrease in mortality rates for males.
Suicide rates dropped sharply in the USSR;
the 40% decline among males between 1984
and 1986 may be related to the reported
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Fig. 4.16: Standardized death rates for suicide and self-inflicted injury in groups of countries in the WHO Euro-
pean Region, by sex, 1990 or last available year
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Fig. 4.17: Trends in standardized death rates for suicide and self-inflicted injury in groups of countries in the
WHO European Region, by sex, 1980s
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50% decrease in alcohol consumption in this
period [51], but mortality increased for the
rest of the 1980s.

A lack of studies using comparable
methodology hinders the assessment of the
prevalence of mental disorders in the Re-
gion. The available (American) data indicate
that the most common disorders, diagnosed
as anxiety or depression, are encountered in
up to 7% of children (aged 4–16 years) in its
severe form, and in a further 19% in a mod-
erate form [52]. Studies in various popu-
lations of European adults report the preva-
lence of anxiety and depression to range
from 6% [53] to 15% [54] and 22% [55].
Higher rates (18–26%) are observed in
elderly people [56] and in residents of nurs-
ing homes in particular, where the rates
reach 27%. More severe mental disorders
such as schizophrenia are found with a fre-
quency of 1.5–4.2 cases per 1000 popu-
lation, according to a review of 15 surveys
conducted in 12 countries [53]. The annual
incidence of mental disorders, as indicated
by the rate of first visits to a psychiatric
clinic or hospital, is 4.0 per 1000 population
in Poland [57] and 2.6 per 1000 in the Ne-
therlands [26].

In general, the studies suggest that the
incidence of mental disorders is higher in
women, groups with low socioeconomic
status, separated and bereaved people and
the unemployed.

A variety of factors may be involved in deter-
mining the observed differences in health
status between different parts of the Region’s
population. The analysis presented indicates
significant variation in mortality and mor-
bidity between countries, but subjective as-
sessments of health status also differ
markedly (Fig. 4.18). Although different
populations define health in different ways,
the degree of satisfaction with health status
can be considered a relevant indicator of the

4.7 Inequalities in Health Status

state of wellbeing essential for health as de-
fined by WHO. Even such a “soft” indicator
of health status was found to be predictive of
long-term survival in cohort studies [58].

Health status, as determined by self-assess-
ment, improved with increasing level of edu-
cation in various countries of the Region. In
Bulgaria, the proportion of the population
reporting good or very good health was over
75% among people with at least full elemen-
tary education, but was scarcely 57% among
people with less [59]. In the Netherlands,
good or very good health was reported by
87% of university graduates and 62% of
people with elementary school education
[26]. In an international comparison of self-
reported health status of adults in Denmark,
Finland, the Netherlands, Sweden and the
United Kingdom, long-standing health prob-
lems were found to be some 20% less fre-
quent in people with an average or better
level of education than in those with fewer
years at school [60].

A prospective study in Moscow and St Pe-
tersburg examined the relationship between
coronary heart disease mortality and edu-
cational attainment [61]. In this study, only
22% of the twofold excess in mortality as-
sociated with low educational attainment
was statistically attributable to the major risk
factors: age, blood pressure, cholesterol,
body mass index, smoking and alcohol in-
take. Several studies reported mental dis-
orders to be more frequent in populations
with lower socioeconomic status [53]. In-
creased mortality or morbidity in people
with lower socioeconomic status was also
seen even after allowing for personal habits
such as tobacco smoking [62–64]. An
example of issues related to lower socioeco-
nomic class, and possibly linked to health
status, is perception of excessive body
weight. In a study of an urban population in
Poland, overweight people with elementary
education were significantly more likely to
be unaware of their excessive body weight
than those with more education [65].

The social status of mothers, as expressed
by their level of education, was found to be
an indicator of conditions affecting the
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health of their children. In Poland in 1987,
infant mortality ranged from 10.6 deaths per
1000 live births for mothers with a university
education, to 18.7 and 28.3 per 1000 for
mothers with elementary and lower levels of
education, respectively [66]. The corre-
sponding rates for Hungary in 1987 were
very similar: 10.3, 19.0 and 36.1 per 1000
[67]. This association was not present in
Sweden, however, where adequate environ-
mental conditions and efficient health care
are accessible to all residents irrespective of
their social status and associated educational
attainment, and where infant mortality is
very low [68].

Further, the distribution of personal in-
come in countries was found to have an im-
portant association with health. In a health
and lifestyle survey conducted in Great Brit-
ain in 1981, standards of health for three dif-
ferent measures of morbidity improved
rapidly as income increased from the low
end towards the middle of the range; no
further gains in health accompanied in-
creases in income beyond this point [69]. In
England, a study using a composite index
showed that social deprivation was related to
premature mortality (death before 65 years
of age) throughout the range of affluence; it
was not limited to the poorest areas [70].

Fig. 4.18: Percentage of the population in countries reporting health status as fair/average or better in the late
1980s



124 State of Human Health

Comparable data are not available from the
eastern countries of the Region, but an
analysis based on grouped data for sub-
national regions of Bulgaria, Poland and the
USSR did not reveal any consistent relation-
ship between higher levels of affluence and
better health indicators [71].

In some eastern countries, mortality rates
were still higher in rural than in urban popu-
lations at the end of the 1980s. This was ob-
served in all age groups in Bulgaria and the
USSR. In Hungary, infant mortality rates de-
creased more rapidly in cities than in rural
areas. This can be explained not only by
better access to health care in cities but also
by less developed sanitary infrastructures
and more difficult living conditions in rural
areas. In Poland, the advantage of urban
populations was reversed in 1987. The life ex-
pectancy (at birth and at ages 45 and 60
years, and in both males and females) in
rural areas exceeded that in urban popu-
lations. The excess mortality in urban popu-
lations is related mostly to coronary heart
disease and digestive diseases [57]. This may
indicate that the unfavourable lifestyles and
dietary factors prevalent in the cities have
outweighed such advantages of urban living
as better access to health care.

Great disparities in the distribution of
health resources between regions have per-
sisted virtually unchanged since the early
1970s. The increase in the effectiveness of
health care is still much smaller in the east-
ern than in the western European countries,
as illustrated by the slower decline in mortal-
ity from causes that are considered to be
amenable to medical care [72]. Neverthe-
less, mortality from causes not amenable to
care rose in the eastern countries in recent
decades, in contrast to the declining trends
observed elsewhere. This suggests that life-
style factors and adequate living and environ-
mental conditions may be even more import-
ant in achieving an overall improvement in
health status than the availability of curative
services.

Among lifestyle factors affecting health,
tobacco smoking and the excessive consump-
tion of alcohol are particularly important. It

has been estimated that as much as 20% of
deaths in developed countries can be at-
tributed to smoking [73]. Extensive litera-
ture demonstrates that the incidence of
cancer at various sites (lung, trachea, bron-
chus, oesophagus, urinary bladder), cardiov-
ascular diseases and chronic obstructive air-
ways diseases are significantly higher in
smokers than in nonsmokers, and maternal
smoking was found to affect infant mortality
in Sweden, for example [68]. Data from Po-
land [74] and the USSR [51] show that ex-
cessive alcohol drinking, even as represented
by total alcohol sales, can be correlated with
several indicators of ill health such as prema-
ture mortality, cirrhosis of the liver and
some cancers of the digestive tract.

This overview indicates vast differences in
many aspects of health status between vari-
ous parts of the population of the European
Region. The most general conclusions, based
on several indicators, are as follows.

The health of people in the western coun-
tries has improved in recent decades while,
according to the information available,
health has not improved or has deteriorated
in some populations in the CCEE and NIS.
These diverging trends are reflected in
markedly higher mortality rates in the east-
ern than in the western parts of the Region.
The differences are greatest among young
adults and people of middle age, particularly
men. The most pronounced differences in
premature mortality between the groups of
countries are in mortality from cardiovascu-
lar and respiratory diseases and, in males, in
injury and cancer. These diseases contribute
most to the difference in total mortality be-
tween parts of the Region. The limited data
on morbidity support the conclusions based
on the evaluation of mortality patterns.

As to the impact on society, the most sig-
nificant findings are the unfavourable trends
in middle-aged people in the CCEE and NIS.

4.8 Conclusions
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The impaired health of the most economi-
cally and socially active part of the popu-
lation has a direct impact on the overall well-
being of society. It is also important to stress
the significance of even relatively mild dis-
eases experienced in childhood or as a young
adult. Besides their immediate effect on the
individual’s life, these diseases may affect de-
velopment and/or health status later in life.
Such diseases include common respiratory
infections in childhood, which have a
negative impact on pulmonary function, or
viral hepatitis, which increases the risk of
liver cancer.

Preventing disease, as well as trying to
cure it, should be emphasized as the way to
improve the health status of a population.
Lifestyle factors, particularly smoking, alco-
hol and dietary habits, clearly need improve-
ment. The elimination of tobacco smoking
would result in significant reductions in
cancer and in cardiovascular and respiratory
diseases. The current patterns and trends in
tobacco consumption correspond well to the
overall patterns of health deficiencies in the
Region. In addition, environmental factors
may be important determinants of health for
certain groups, including occupational
groups (see Chapter 18).

Continuing or renewing effective immu-
nization programmes will reduce infectious
diseases and prevent a repetition of recent
epidemics of, for example, diphtheria and
poliomyelitis. This approach, based on the
WHO strategy for health for all [11], should
be adopted and efficiently implemented by
all countries, particularly the CCEE and
NIS. The experience of the western coun-
tries shows that major improvement is poss-
ible. No less important is the effort to ident-
ify the reasons for deviations from the gen-
eral pattern at national and subnational le-
vels. Understanding the reasons for these dif-
ferences can contribute to the improvement
of the health of all people in the European
Region.
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The existence of air pollution and the need
for laws to protect the health and wellbeing
of the population are not modern phenom-
ena. In the thirteenth century, the burning of
soft coal polluted the air of several English
towns to such a degree that a law to reduce it
was passed in 1273. The first causal relation-
ships between high air pollution levels and
excess mortality were established during the
winter smog episodes in the Meuse Valley in
Belgium in 1930 [1] and in Donora-Webster,
Pennsylvania in 1948 [2], which caused 60
and 48 excess deaths, respectively. As early

5.1 Introduction
as 1931, Firket published an article on the
causes of the excess deaths in the Meuse Val-
ley episode, and predicted that some 3000
people would die if similar conditions oc-
curred in London [3]. Just over 20 years
later, the health implications of air pollution
were clearly manifested during the London
smog episode in December 1952, when
more than 4000 people died [4].

Although air pollution was once thought
to be only a local problem, occurring in large
cities and near industry, it was realized in the
1970s that air pollutants can travel long dis-
tances and have negative environmental ef-
fects far from their sources [5]. Since then, it
has been recognized that rural populations
may sometimes be exposed to high levels of
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certain atmospheric pollutants that may ad-
versely affect their health.

Many air pollutants can have negative ef-
fects on human health and, starting in the
1950s and 1960s, many countries have en-
acted laws and regulations to protect their
populations. At the international level,
WHO published a first set of air quality
guidelines for 28 different atmospheric pol-
lutants in 1987 [6]. They are now being re-
vised and supplemented, and the new guide-
lines will cover some 38 pollutants or mix-
tures of pollutants. The guidelines are formu-
lated on the basis of current knowledge and
expert judgement to ensure that, in principle,
populations that are exposed to levels below
the guideline values will not experience ad-
verse health effects. The guidelines are not
simple threshold values, and it cannot be as-
sumed that exposure to concentrations at or
above the levels given will inevitably be as-
sociated with adverse health effects. In addi-
tion, however, the guideline levels may not
sufficiently protect highly sensitive groups,
and health effects at or below these levels
can result from combined exposure to vari-
ous pollutants. Many countries have used
the WHO guidelines as the basis for develop-
ing their own air quality standards or other
regulations.

Evaluating the real risks associated with
exposure to the various air pollutants
requires the assessment of their actual con-
centration levels in the air, the number of
people exposed including sensitive groups,
and the observed adverse health effects that
have been associated with each pollutant. In
the past, it has been possible to identify im-
portant pollutants that have caused large ef-
fects on health; these are sulfur dioxide
(SO2), suspended particulate matter (SPM)
including lead, nitrogen dioxide (NO2) and
ozone (O3). These pollutants are major el-
ements of the four main air pollution phe-
nomena observed in the European Region,
and identified by WHO in a report to the
United Nations Economic Commission for
Europe (ECE) [7] as:
1. summer-type smog episodes, character-

ized by increased levels of O3 and NO2;

2. winter-type smog episodes characterized
by increased levels of SO2 and SPM;

3. long-term exposure in urban areas to SO2,
NO2 and SPM;

4. long-term multimedia exposure to pollu-
tants emitted into air (for example heavy
metals such as lead).

Besides these important pollutants, several
others such as volatile organic compounds
can be present in ambient air. The monitor-
ing data available for these, however, are not
sufficient to permit discussion on the extent
of exposure in the population of the Region.
Similarly, exposure to indoor air pollutants is
difficult to quantify; the importance of this
issue is discussed below.

This chapter describes the major health ef-
fects associated with each of the most im-
portant pollutants, and the current concen-
tration levels in cities and rural areas, along
with the identification of the major emission
sources (including trends in both concen-
trations and emissions, where possible). It
also attempts to estimate the potential popu-
lation exposure throughout the Region west
of the Ural Mountains.

This section summarizes the main types of
health effect considered in the 1987 WHO
air quality guidelines [6] and reviews the re-
sults of subsequent studies. The review was
based on a comprehensive survey of the
scientific literature; the studies will also be
assessed in the revision of the guidelines.
The review focused on studies that provided
a quantitative estimate of health effects from
exposure to relatively low levels of air pollu-
tion, and took proper account of possible
confounding factors, including exposure to
air pollutants other than the one being con-
sidered. Estimates obtained in individual
studies are quoted to illustrate the magnitude
of the health effects discussed. Some of the
results of recent studies have yet to be con-
firmed by further research. It must also be

5.2 Potential Health Effects
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recognized that the magnitude of the de-
tected effects of air pollution in concen-
trations close to the guideline levels is rather
small, frequently very close to no effect. As a
result, any risk assessment based on these
studies may be associated with substantial
uncertainty.

5.2.1 Sulfur dioxide and suspended
particulate matter

Assessments of the health effects of SO2 and
SPM are often based on studies conducted
in populations exposed simultaneously to
both pollutants. Sulfur dioxide and SPM are
often released from the same emission
sources, and therefore occur together in am-
bient air. In 1990, a WHO consultation
evaluated the acute effects of winter-type air
pollution episodes [8]. Effects on human
health include acute decreases in pulmonary
function (sometimes persisting for several
weeks), other respiratory effects, increased
morbidity as reflected by admissions to
clinics, and even increased mortality. A
strong correlation between both pollutants
complicates an assessment of the relative sig-
nificance of SO2 and SPM.

The analysis of the health effects of SPM
is further complicated by the complex nature
of particulate matter pollution. The respir-
able part of SPM, i.e. particles with an
aerodynamic diameter of less than 10 µm
(PM10), has long been recognized as having
the greatest significance to health, but this
fraction has not been measured in all
studies. Many studies use black smoke as the
indicator of particulate pollution. This works
well if most of the pollution comes from coal
combustion but clearly leads to underesti-
mation of the particle concentration in other
situations, such as when mineral particles
are present in the mixture. The chemical
characteristics of the particles (such as their
acidity), as well as the presence of air pollu-
tants that can adhere to a particle’s surface
(such as more or less volatile organic sub-
stances), are seldom measured or evaluated.
For example, exhaust from diesel engines,

which contains organic particulate matter
and has been classified as a probable human
carcinogen, may significantly contribute to
the total level of pollution by particles [9].
The specific characteristics of particles may
significantly modify the health effects from a
given concentration of particulate pollution.

All of these factors should be kept in mind
when considering the evaluation of the health
effects of SO2 and SPM presented below.

Sulfur dioxide

Owing to its high solubility in water, only
minimal amounts of SO2 reach the lower
parts of the respiratory tract. Acute re-
sponses from the upper airways, in the form
of bronchospasm, were seen after a 10-min-
ute exposure of exercising asthmatics to con-
centrations above 1000 µg/m3.The occupa-
tional exposure of non-asthmatics to very
high concentrations of SO2 (over 10 000 µg/
m3) has caused bronchoconstriction, chemi-
cal bronchitis and tracheitis [6]. Epidemi-
ological studies suggested that increased
morbidity and mortality can be seen after a
24-hour exposure to levels above 250 and
500 µg/m3, respectively. Prolonged exposure
to SO2, with average annual concentrations
of 100 µg/m3, was found to increase the
prevalence of respiratory symptoms or ill-
ness. On the basis of these results, a 1-hour
WHO guideline value of 350 µg/m3 was set
for SO2. The guideline values for longer aver-
aging times were set for situations in which
people were exposed to SO2 and SPM simul-
taneously: 125 and 50 µg/m3 for 24-hour and
1-year periods, respectively [6].

Since the publication of the guidelines,
several new studies have been reported. An
acute deterioration in the health status of a
population was observed on days with in-
creased SO2 concentrations or on subse-
quent days, independent of other types of air
pollution and meteorological factors. In Cra-
cow, this was expressed by an increase in the
number of adults visiting general practi-
tioners during a year with annual mean SO2
levels of 131 µg/m3 and 71 days with daily
mean concentrations over 75 µg/m3, but
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with no days with levels exceeding 350 µg/
m3 on average. The daily number of all visits
increased by 10% for each 100 µg SO2
per m3, with visits due to respiratory dis-
eases increasing the most rapidly [10]. In
Barcelona, emergency admissions due to ex-
acerbation of chronic obstructive lung dis-
ease increased by 17% for each 100 µg SO2
per m3. In this case, the maximum daily level
did not exceed 160 µg/m3, and a significant
association between SO2 levels and emerg-
ency admissions was also seen at mean daily
concentrations below 100 µg/m3 [11].

Several recent studies have shown an in-
crease in mortality related to daily levels of
SO2. In Athens, a 4% increase in total daily
numbers of deaths and an 11% increase in
mortality due to respiratory diseases were
seen on days with daily mean SO2 concen-
trations above 150 µg/m3 [12]. The most
pronounced effect was seen in people over
75 years of age. In Lyon and Marseille, the
number of deaths from respiratory diseases
in people over 65 years of age rose 9–11%
for each 100 µg SO2 per m3 (expressed as the
mean concentration on 10 days preceding
death) [13]. In this study, the annual mean
levels did not exceed 65 µg/m3 and daily le-
vels did not exceed 500 µg/m3 [13].

Another French study confirmed the
long-term effects of air pollution with SO2
[14]. Levels of pulmonary function de-
creased in people with increasing average le-
vels of SO2 at their place of residence; lung
function was 4–7% lower in residents of
cities with annual mean SO2 concentrations
above 100 µg/m3 than in residents of cities
with levels below 50 µg/m3.

Suspended particulate matter

The penetration of particulate matter into
the respiratory system depends on particle
size. Fine particles are deposited primarily
in the pulmonary region; larger ones are
usually stopped in the tracheobronchial re-
gion. Particles with a diameter over 10 µm
are primarily deposited in the upper, nasop-
haryngeal part of the airways, and are most
easily removed.

Particulate pollution is known to affect re-
spiratory function as well as the develop-
ment and course of chronic obstructive pul-
monary disease. The evidence available be-
fore publication of the WHO air quality
guidelines indicated short-term, reversible
decreases in ventilatory lung function follow-
ing 24-hour exposure to levels over 110 µg/
m3 of PM10 and 180 µg/m3 of total SPM.
Acute respiratory morbidity and mortality in
adults increased after exposure to levels of
black smoke with mean 24-hour concen-
trations above 250 and 500 µg/m3, respect-
ively. Long-term exposure to black smoke le-
vels over an annual mean of 100 µg/m3 pro-
moted an increase in respiratory morbidity;
long-term exposure to levels of total SPM
above 180 µg/m3 caused a decrease in lung
function. These results led to the setting of
WHO guideline values for black smoke
(combined with SO2) of 125 µg/m3 for a
24-hour concentration and 50 µg/m3 for an
annual mean [6]. Guideline levels (for 24
hours) were also set for SPM (120 µg/m3)
and for PM10 (70 µg/m3).

Since the publication of the WHO guide-
lines, some studies have addressed the health
effects of particulate matter in concen-
trations similar to the guideline levels; con-
centrations of PM10 were sometimes
measured. The acute effects of short-term
changes in pollution levels were most often
the subject of these studies. An association
of respiratory morbidity with daily levels of
total SPM, smoke or PM10 was observed in
studies conducted in Europe and the United
States.

In a study in Germany, where 90% of the
daily total SPM levels were below 118 µg/m3

even in the most polluted communities, the
daily frequency of visits to hospitals and pae-
diatricians due to acute respiratory illness in-
creased by 37% with a rise in total SPM le-
vels of 10–70 µg/m3 [15]. A Swiss study re-
ported a 10% increase in the daily incidence
of upper respiratory symptoms with each
rise of 22 µg/m3 in the daily average level of
total SPM on the previous day [16]; in this
case, total SPM concentrations were below
100 µg/m3 on most of the days studied. In a
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study of children from Utah Valley, the inci-
dence of cough and lower respiratory symp-
toms increased by 80% and 45%, respect-
ively, per 100 µg/m3 of PM10 (5-day moving
average), with even greater changes in asth-
matic children [17]. This association was
still seen when days with PM10 levels above
150 µg/m3 were excluded from the analysis.
In addition to the changes in the incidence
of respiratory symptoms, a 2–4% decrement
of pulmonary function per 100 µg/m3 of
PM10 was seen in the Utah Valley studies
[18], as well as in a study in the Netherlands
in which a group of children with chronic re-
spiratory symptoms were exposed to daily
PM10 levels below 174 µg/m3 [19]. Analyses
of the relationship between daily mortality
and total SPM levels, based on data from
several cities in the United States, indicate
a 4–7% increase in daily mortality, particu-
larly from cardiovascular and respiratory dis-
eases, per 100 µg/m3 total SPM. These
studies found no independent effects of SO2
pollution and in some cities the SO2 concen-
trations were very low [20,21].

In addition, the effects of long-term expo-
sure to elevated levels of total SPM have
been reported. In residents who lived in lo-
cations where the average quarterly level was
87 µg/m3, pulmonary function as expressed
by forced vital capacity decreased by 3% for
each 50 µg total SPM per m3; this decrease
was observed only above a threshold concen-
tration of 60 µg/m3 [22]. The frequent ex-
ceeding of hourly total SPM levels of 100,
150 or 200 mg/m3 (but not 60 or 75 µg/m3)
was found to be associated with the inci-
dence of chronic respiratory disease in resi-
dents of California; during a follow-up
period of 10 years, for every 1000 hours in
which total SPM levels exceeded 200 µg/m3

the risk of obstructive airways disease in-
creased by 36% and that of asthma by 74%
[23]; the average levels of SO2 were below 25
µg/m3.

Winter-type air pollution

The effects discussed in this section are
those for which it is not evident whether they

are due to SO2 or SPM, or a combination of
the two. Winter-type air pollution episodes,
as well as the background situation of
winter-type air pollution in some cities, are
characterized by increased concentrations of
both SPM and SO2. In the Netherlands, lung
function decreased transiently by 5% of aver-
age values a few weeks after winter smog epi-
sodes in which the 24-hour concentrations of
SO2 and total SPM were close to 300 µg/m3

[24, 25]. During an episode in a part of the
Federal Republic of Germany in 1985, in
which SO2 and SPM reached 24-hour con-
centrations of 830 and 600 µg/m3, respect-
ively, hospital admissions were 12% higher
than in a control area where the respective
concentrations were 320 and 190 µg/m3. Ad-
missions due to cardiovascular and respir-
atory diseases were 14% and 7% higher, re-
spectively. A 6% increase in total mortality
was also observed during this episode, due
partly to respiratory diseases [26].

The incidence of lung cancer in males in
Cracow may provide further evidence of the
long-term health effects of mixtures of SPM
and SO2 in urban air pollution. Annual mean
black smoke levels exceeded 150 µg/m3 and
SO2 levels exceeded 104 µg/m3 for several
years before registration of the cancer cases.
The incidence of lung cancer among males
living for an average of 30 years in polluted
parts of the city was 46% higher than that in
residents of less polluted areas [27]. Al-
though the risk estimate provided by this
study agrees, in general, with that found in
recently reviewed studies comparing cancer
risk in urban and rural areas [28], quantify-
ing the impact of air pollution on cancer
incidence remains difficult. In part this is
due to the uncertain estimate of past expo-
sure to air pollutants.

A study from the Czech Republic sug-
gested effects of winter-type air pollution on
the health of infants [29]. Postneonatal mor-
tality was 20–30% higher in districts with an-
nual mean concentrations of total SPM and
SO2 over 85 and 58 µg/m3, respectively, than
in those with concentrations below 54 and
13 µg/m3, respectively. The analysis, which
considered potential confounding factors, in-
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dicated that the relationship was stronger for
total SPM than for SO2, and that the risk es-
timates were higher for respiratory than for
other causes of death.

5.2.2 Lead

Most of the lead in ambient air is in the form
of very fine particles, less than 1 µm in diam-
eter. Some 30–50% of inhaled particles are
taken up by the respiratory system and ab-
sorbed by the body. Larger particles are de-
posited in the lungs or absorbed through the
gastrointestinal tract. Air is, however, only
one of several routes of human exposure to
lead; Chapter 10 includes a more extensive
discussion of the health effects of lead expo-
sure.

Depending on concentrations of lead in
ambient air, the exposure from air is esti-
mated to range from 17% to 67% of total ex-
posure in adults, and from 2% to 17% in
children, with food or ingested dust usually a
predominant source. For adults, an increase
in exposure to lead in air by 1 mg/m3 is as-
sociated with a 10–20 µg/litre increase in the
concentration of lead in blood. No such rela-
tionship can be established for children [6].
Data from the United States demonstrated a
correlation between atmospheric emissions
of lead due to the combustion of leaded pet-
rol, ambient lead concentrations and levels
of lead in blood. All three showed a parallel
decline between 1986 and 1990, when both
the total lead used in petrol and average
blood lead levels decreased by 50% [30].

Recognizing the multimedia nature of lead
exposure, and the role of air as a medium
through which lead may be transported to
soil, water and food, the WHO guideline
level was set at 0.5–1.0 mg/m3 (for an annual
mean) [6]. This level is considered to be safe
for adults. Since most of the exposure of
children to lead occurs through other media,
however, the guideline level does not offer
sufficient protection.

Even at relatively low levels, lead causes
changes in haematological and neurological
parameters, and the impairment of neuro-

psychological development in children with
associated deficits in cognitive ability. Sev-
eral studies conducted after publication of
the WHO guidelines confirm the impact in
children of relatively low levels of exposure
to lead [31]. Exposure producing blood lead
levels of 250 µg/l, in cities with elevated con-
centrations of lead in air, may affect cogni-
tive ability as expressed by the IQ index. The
IQs of children with such exposures to lead
are estimated to be some 2–10 points lower,
on average, than those of children not ex-
posed. The shift in the IQ distribution in
such an exposed population is estimated to
result in a threefold increase in the percen-
tage of children with low cognitive ability
(an IQ below 80 points), and the proportion
of children with high intelligence (an IQ
above 125 points) is estimated to be reduced
from 5% to zero. Some studies indicate that
neuropsychological development in children
is affected at exposure levels corresponding
to a level of lead in blood of 100 µg/litre and
above, but other reports suggest that no
threshold exists and that effects can be seen
at even lower levels of exposure [32].

5.2.3 Nitrogen dioxide

The evidence related to the health effects of
NO2 in concentrations frequently en-
countered in ambient air is still not well
understood. Upon inhalation, 80–90% of
NO2 can be absorbed and remain within the
lung for prolonged periods. An increased
susceptibility to infection may be related to
exposure.

Animal studies indicate that NO2 at
relatively low concentrations (380 µg/m3 for
30 minutes) can trigger biochemical
changes, including initiation of lipid perox-
idation and an increase in lung enzymes,
which may lead to cell injury or death. The
biological relevance of these changes, how-
ever, is still poorly understood. Animals ex-
posed for 1–6 months to NO2 concen-
trations of 190–940 µg/m3 showed changes
in lung structure and lung metabolism, and
impairment of lung defences against infec-
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tion. Controlled clinical studies in human
subjects and limited epidemiological studies,
conducted in the 1970s and early 1980s, pro-
duced conflicting results. The lowest NO2
level at which an effect on pulmonary func-
tion in humans was seen, after a 30-minute
exposure, was 560 µg/m3; this exposure
caused a small, reversible decrease in lung
function in a group of exercising asthmatics.
In normal subjects the threshold was much
higher, about 3000 µg/m3, for 10–15 min-
utes. On the basis of this limited evidence,
WHO recommended a 1-hour guideline
value of 400 µg/m3 and a 24-hour guideline
level of 150 µg/m3 [6].

Some later studies confirmed the in-
creased bronchial responsiveness in asth-
matic and non-asthmatic subjects exposed
for a short time to NO2 concentrations
above 500 µg/m3. The results, however, lack
consistency, reflecting large variations in in-
dividual susceptibility [33]. Nevertheless, a
recent study confirmed a deterioration of
the defence mechanisms of the lung against
influenza viruses after an exposure to
relatively high NO2 concentrations (1120 µg/
m3) [34].

Several recent studies evaluated the health
effects of short-term increases in NO2 levels.
An increase in the frequency of eye irri-
tation, sore throat and phlegm was observed
among student nurses in Los Angeles follow-
ing an increase in exposure to NO2 for one
hour, with maximum concentrations not ex-
ceeding 240 µg/m3. The relative risk esti-
mates from this study were 1.3 for each 170
µg NO2 per m3 [35]. Several studies reported
an association between daily NO2 levels and
the daily rate of hospital admissions due to
acute respiratory diseases. Using data on the
hospitalization of children in five German
cities, Schwartz et al. [15] found a 28% in-
crease in the number of cases of respiratory
tract infection associated with a rise in am-
bient NO2 levels from 10 to 70 µg/m3. A
number of researchers evaluated the effects
of NO2 on ventilatory lung function, but
only a few studies demonstrated a decrease
in the expiratory flow rate, mainly in sub-
jects with underlying chronic respiratory dis-

eases. Quackenboss et al. [36] observed a
3% decrease in pulmonary expiratory flow
rate in a group of asthmatic children per 20
µg/m3 NO2 hourly outdoor concentration.
They also reported prolonged effects, ex-
pressed as a 10% decrease in pulmonary ex-
piratory flow rate per increase of 20 µg/m3

in the weekly average outdoor level of NO2.
Other studies also observed health effects

associated with long-term exposure to NO2.
A Swiss study of children aged 5 years or
under, living in cities with annual average le-
vels of NO2 in ambient air not exceeding 51
µg/m3, found a 20% increase in the inci-
dence of upper respiratory symptoms per 20
µg/m3 increase in NO2 for a continuous
period of six weeks [16]. This study also indi-
cated a 13% increase in the duration of any
respiratory symptom with an increase in
NO2 of 20 µg/m3. Similar results were re-
ported for children exposed to NO2 indoors.

Several studies found decreased ventila-
tory function or accelerated decline of func-
tion with aging in residents of areas with
high long-term average levels of NO2. An
ecological analysis based on data collected
in 60 neighbourhoods in the United States
indicated a decrease in pulmonary function
by approximately 5% of the predicted value
for each 40 µg NO2 per m3 (measured as an
annual value) [37].

In most of the studies of short- and
long-term effects of NO2, differences in the
NO2 levels were correlated with levels of
other air pollutants. It can therefore be as-
sumed that NO2 concentrations are also in-
dicative of levels of some other pollutants,
such as those related to road traffic
emissions. The combined evidence from all
studies, including those on indoor exposure,
however, suggests that NO2 at least con-
tributes to respiratory effects.

5.2.4 Ozone

Ozone is the predominant photochemical
oxidant in summer-type smog, and its most
important component in affecting health. It
enters the human body through inhalation
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and penetrates the respiratory system. Acute
O3 exposure causes transient decreases in
lung function and an inflammatory response
of the lower airways; typical symptoms in-
clude cough, chest pain, difficulty in breath-
ing and headache. Substantial acute adverse
effects undoubtedly occur at exposure to le-
vels above 1000 µg/m3 for 1 hour, and more
recent studies with ozone levels over 740 µg/
m3 for 2 hours showed an inflammatory re-
sponse of the lower airways. Limited data
from laboratory and epidemiological studies
conducted in the early 1980s indicated that
ambient O3 concentrations above 220 µg/m3

could lead to decreases in pulmonary func-
tion, especially in children and exercising
adults. Some of the other symptoms, includ-
ing cough and headache, were associated
with O3 concentrations of 160–300 µg/m3.
These data led to the recommendation of a
1-hour WHO guideline value of 150-200 µg/
m3, and of an 8-hour value of 100-120 µg/m3

[6].
Since then, several important studies on

the health effects of O3 at concentrations
similar to the guideline values have been
published. Lippmann [38] reviewed some of
these and WHO held a consultation in 1990
to evaluate the acute effects of summer-type
air pollution episodes [8]. All studies indi-
cate large variations between individuals in
response to O3 exposure. The effects seem to
be more pronounced in children than in
adults [39]; no characteristics of the respon-
sive group, other than age, have yet been
identified. Most studies evaluated acute ef-
fects on pulmonary function or symptoms
from short-term episodes of elevated O3 le-
vels. They showed a 1–4% decrease in pul-
monary function in children for each 100 µg
O3 per m3 [40–42]. In adults, similar effects
were observed but they were limited to
measurements taken shortly after exercise
and therefore with an increased inhalation
rate [43]. Increases in the incidence of
cough and eye irritation were seen in
children on days with elevated O3 concen-
trations. Krzyzanowski et al. [41] reported a
30% increase in symptoms when 8-hour am-
bient O3 levels exceeded 110 µg/m3; Berry et

al. [44] reported that symptoms were twice
as frequent in children exposed to 1-hour
ambient O3 concentrations over 240 µg/m3

than in those exposed to levels below 160 µg/
m3.

Far fewer studies have attempted to assess
long-term effects in people living in areas
with high average O3 levels (around 200 µg/
m3). The results indicate a small long-term
effect on lung function, including a 6–8% de-
cline in pulmonary function in people aged
6–24 years for each 100 µg O3 per m3 above
90 µg/m3 [37]. A cross-sectional study of
children in the Austrian Alps [45] reported
a similar relationship. In adults living in the
Los Angeles area, with an annual average O3
level over 150 µg/m3, the normal rate of de-
cline in pulmonary function, which occurs
with age, increased significantly as a func-
tion of levels of oxidants in which O3 pre-
dominated [46]. A recent analysis of a longi-
tudinal study in California, however, did not
provide conclusive support for an effect of
long-term exposure to O3 on the incidence of
respiratory symptoms [23].

It should be noted that, although volatile
organic compounds have recently aroused
concern as precursors of photo-oxidant
formation (such as O3) some of them, such
as benzene and 1,3-butadiene, are carcino-
genic and have themselves, therefore, im-
portant potential health implications.

This section estimates the exposure of popu-
lations to the five air pollutants discussed
above. These are approximate estimates be-
cause relatively few data on air quality were
available.

5.3.1 Methodology

Separate estimates of exposure to air pollu-
tants are given for populations living in

5.3 Ambient Air Pollution and
Exposure Assessment
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urban agglomerations with more than 50000
inhabitants and in smaller towns and rural
areas. The exposure estimates are based on
levels of outdoor ambient air pollution and
on the assumption that these concentrations
are representative of the levels to which
people are exposed in their daily lives.

Map 5.1a depicts the density and distribu-
tion of populations into urban and rural
areas. In total, 700 million people live in the
countries of the European Region that lie
west of the Ural Mountains, of which 314
million live in large urban areas of more than
50 000 inhabitants and 386 million in rural
areas and smaller towns. The large-scale am-
bient air pollution models presented in this
chapter consider only those people who live
inside the modelling grid used by UN ECE
EMEPb (as shown in Map 5.1), that is, a
total of 656 million people of whom 278 mil-
lion live in large urban areas and 378 million
in the remaining areas. No larger modelling
area has yet been used in a consistent way
for the whole of Europe.

Exposure calculations for urban and
rural populations

Estimating the exposure of urban popu-
lations to air pollution concentrations is cur-
rently a rather difficult and uncertain task.
The main problem is the scarcity of concen-
tration data and particularly of information
on the representativeness of the available
data. In general, concentrations of air pollu-
tion vary markedly across a city, as has been
shown in detailed studies such as that of
NO2 in the United Kingdom [47]. Differ-
ences in reported concentrations could
therefore as easily reflect differences in the
location of monitoring sites (in distance
from roads, or the city centre, for example)
as real differences between air pollution
loads in different cities. Unfortunately, much

a Maps 5.1–5.6 referred to in this chapter will be
found between Chapters 4 and 5.

b United Nations Economic Commission for
Europe Environmental Monitoring and Evalu-
ation Programme.

of the urban concentration data available
throughout Europe covers only one or a few
sites per city, and frequently only a few cities
per country. Until more data become avail-
able to allow a better characterization of
urban air pollution levels, it has to be as-
sumed that the existing data reflect a repre-
sentative sample of urban air pollution con-
centrations across Europe. Nevertheless, the
errors of extrapolation based on this assump-
tion may be substantial.

Concentration data obtained from several
sources have been analysed and empirical re-
gression models applied to enable popu-
lation exposure calculations to be made for
those cities for which at least the annual
mean concentrations were available. Box 5.1
gives details of data sources and modelling
methodology.

Calculations of the exposure of rural
populations were based on population den-
sities as shown in Map 5.1, and ambient air
concentrations calculated with long-range
transport models (see Box 5.1).

5.3.2 Sulfur dioxide

Urban population exposure

The analysis of SO2 concentrations in the
late 1980s was based on data from 162 cities
in 21 countries, covering a population of 98
million or 31% of the total urban population
in the Region west of the Urals. The best
population coverage, 47%, was obtained for
the CCEE (Map 5.2). For over 20% of the
population with data the annual guideline
value for SO2 of 50 µg/m3 was exceeded, and
for 3% of the population levels exceeded 100
µg/m3. The proportion of city residents with
high long-term average SO2 levels was
markedly higher in the USSR and the CCEE
than in western countries (Table 5.1). The
comparison of annual mean SO2 levels be-
fore and after 1985, for cities with data from
both periods, as well as the trends from a
number of other cities [51] indicate a de-
crease in the average SO2 pollution levels
over the decade. The highest annual average
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Box 5.1: Assessing exposure to air pollutants

This chapter presents two different approaches to establishing population exposure to out-
door air pollution. For rural areas, ambient air concentrations were calculated with long-
range transport models. For urban areas, actual measurement data were used as the basis
for the analysis.

For the rural population, the exposure was computed based on population densities in
the 150  150 km2 EMEP grid and ambient air concentrations in the same grid, calcu-
lated with long-range transport models such as EMEP for SO2, NO2 and O3 [48,49] and
TRACE for lead [50]. These models calculate ambient rural background concentrations
in air, based on first principles and input data on air pollutant emissions, meteorological
data and dispersion parameters. Both models have been tested against ambient monitor-
ing data. As the results of the models are in general compatible with the observed
measurements, both models can be considered reasonably reliable. Moreover, members of
the ECE use the EMEP model within their programme on the Convention on Long-range
Transboundary Air Pollution.

For exposure of the urban population, ambient concentration data from the following
sources were analysed:

(a) the Exchange of Information (EOI) database of the EU;
(b) the database of the ECE Cooperative Programme on Effects on Materials at theNorwe-

gian Institute for Air Research (1992);
(c) data returned directly from countries in response to the 1992 WHO Protocols for

the Concern for Europe’s Tomorrow data collection exercise, comprising 25 re-
sponses received from countries that represent 96 % of the population of Europe
and 90% of the population of the WHO European Region (Austria, Bulgaria, the
former Czechoslovakia, Denmark, Finland, France, Germany, Greece, Hungary,
Iceland, Israel, Italy, Lithuania, the Netherlands, Norway, Poland, Romania, the
Russian Federation, Slovenia, the former USSR, Spain, Sweden, Switzerland, the
United Kingdom and the former Yugoslavia);

(d) metropolitan area air quality data from the Helsinki Metropolitan Area Council
(1992);

(e) The Environment in Europe and North America [51]; and
(f) for O3, the EMEP long-range transport model for photochemical oxidants [49].

The following table summarizes exposure monitoring in urban areas (agglomerations
greater than 50000 inhabitants).

Population of cities with data Number of cities

Number of
countries

Pollutant Estimates
(millions)

Percentage of total
European urban

population

Western
countries

CCEE NIS Total

SO2 103 33 100 38 42 180 21

Total SPM 38 12 75 8 4 87 13

Black smoke 63 20 81 11 6 98 13

NO2 91 29 76 35 42 153 18

Lead 47 15 39 55 15 109 16
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Box 5.1: Assessing exposure to air pollutants

Data on SO2 came from cities in the following countries: Austria, Bulgaria, the former
Czechoslovakia, Denmark, Finland, France, Germany (including two cities in the former
German Democratic Republic), Greece, Hungary, Italy, Lithuania, the Netherlands, Nor-
way, Poland, Portugal, Romania, the Russian Federation, Spain, Sweden, Switzerland and
the United Kingdom.

Data on total SPM came from cities in the following countries: Austria, Bulgaria, the
former Czechoslovakia, Denmark, Finland, France, Germany (including two cities in the
former German Democratic Republic), Italy, Lithuania, Portugal, Romania, Spain and
Switzerland.

Data on black smoke came from cities in the following countries: Austria, Belgium, Fin-
land, France, Greece, Ireland, Norway, Poland, Portugal, the Russian Federation, Spain,
Sweden and the United Kingdom.

Data on NO2 came from cities in the following countries: Austria, Belgium, Denmark,
Finland, France, Germany, Greece, Hungary, Lithuania, Netherlands, Poland, Portugal,
Romania, the Russian Federation, Spain, Sweden, the United Kingdom and the former
Yugoslavia.

Data on lead came from cities in the following countries: Belgium, the former Czechos-
lovakia, Denmark, Finland, Germany, Greece, Iceland, Ireland, Lithuania, Norway, Po-
land, Romania, the Russian Federation, Sweden, Switzerland and the United Kingdom.

The long-term annual averages were available for the largest number of cities, mostly
from responses to the WHO protocols. For some cities, the reported annual mean con-
centrations were already an average over several monitoring sites, while several sites were
individually reported for one city in other cases. The years for which data were available
varied from country to country and even from city to city, and ranged from 1976 to 1990.

Based on the daily or hourly data available for some cities on the European Union's da-
tabase, empirical regression models were applied to describe the relationship between an-
nual average values and levels above the 24-hour guideline values. These models were then
used to estimate levels above the 24-hour guideline values for the cities for which only an-
nual average pollution levels were available. Calculations of population exposure were
then made for the cities that had at least annual mean concentration data.

Table 5.1: Exposure of the populations of cities with data to annual mean sulfur dioxide (SO2) concentrations
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concentrations reported at the end of the
1980s were in Leipzig (200 µg/m3) and in
Saratov, USSR (160 µg/m3).

Over 45% of the population living in cities
with SO2 data experienced days with pollu-
tion levels exceeding the daily guideline level
of 125 µg/m3 (Table 5.2). In the CCEE and
USSR, the levels were higher than 200 µg/
m3 on most of these days, and levels over
125 µg/m3 were more common than in west-
ern countries. In Leipzig and Saratov, the
24-hour average concentrations exceeded
125 µg/m3 for 191 and 147 days per year, re-
spectively, and levels were above 250 µg/m3

on 77 and 55 days per year, respectively.
In comparison with the early 1980s, the

frequency and magnitude of exposure de-
creased markedly in all groups, with
relatively greater improvement in the west-
ern countries. The population in these coun-
tries experiencing pollution episodes exceed-
ing 250 µg/m3 SO2 decreased from 71% to
33% in the 1980s, while the change in the
USSR was from 74 % to 51 %. Data were
available for only three cities in the CCEE
and only for the beginning of the 1980s,
which prevented comparison.

Rural population exposure

Exposure to SO2 in rural areas was estimated
for three different years: 1985, 1988 and

1989, using the EMEP long-range transport
model as described by Sandnes & Styve [48]
(see Box 5.1). Annual average SO2 levels and
the frequency of days with daily concen-
trations over 125 µg/m3 were calculated.

The highest annual mean SO2 concen-
trations, in the range 50–65 µg/m3, were esti-
mated for the so-called Black Triangle be-
tween the German Democratic Republic,
Czechoslovakia and Poland. During 1985,
1988 and 1989, 1.7–2.2 million people
(around 0.5% of the rural population of Eu-
rope) were estimated to have experienced
such annual averages, which exceeded the
guideline level of 50 µg/m3. In 1989, 26% of
the rural population were estimated to have
been exposed to SO2 concentrations exceed-
ing the daily guideline level of 125 µg/m3.
Only 2% (or 7.2 million people), however,
were estimated to be exposed to such levels
for more than 25 days a year (with a maxi-
mum of 50 days per year). Pollution epi-
sodes were less common than in 1985, when
33% of the rural population were estimated
to have experienced them. Excess pollution
was estimated for large parts of central Eu-
rope in all three years, and in eastern Uk-
raine in 1985. The highest levels estimated,
for both 1985 and 1989, were above 350 µg/
m3 for up to 10 days per year, and found in
the Black Triangle.

Table 5.2: Exposure of the populations of cities with data to daily sulfur dioxide (SO2) concentrations above
125 µg/m3, 1986–1991
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Total population exposure

The available data on urban and rural areas
indicate that, at the end of the 1980s, at least
22 million people in the Region west of the
Urals (3% of the total population) lived in
areas with annual average SO2 levels above
50 µg/m3. This includes 3 million people in
cities with long-term SO2 levels over 100 µg/
m3. A daily average above 125 µg/m3 was es-
timated for at least 144 million people (21%
of the total population). If these estimates
are extrapolated to the European population
(assuming that the cities with data are repre-
sentative for all urban agglomerations with
at least 50 000 residents) then some 65 mil-
lion people would be expected to live in
areas where the annual guideline level was
exceeded at the end of the 1980s, including
10 million in cities with annual levels exceed-
ing 100 µg/m3. The extrapolation of short-
term exposure data indicates that 241 mil-
lion people might have been exposed to daily
levels above the WHO guideline [6].

The urban data clearly show a decrease in
SO2 concentrations in the 1980s. This trend
in concentrations corresponds to that in the
total SO2 emissions in the Region, which de-
creased by an average of 28% from 53 mil-
lion tonnes in 1980 to 38 million tonnes in
1990 (Simpson, D., personal communi-
cation, 1993). This decrease resulted from
the implementation of the international
ECE Protocol calling for a 30% reduction in
SO2 from 1980 levels, which most European
countries signed in Helsinki in 1985. The de-
crease was slightly greater in the western
countries (30%) than in the eastern ones
(27%). The contributions to emissions re-
mained about the same, with 55% coming
from eastern and 45% from western coun-
tries.

In the western countries, the levels in
urban areas that exceed the WHO guidelines
are mostly due to emissions from power
stations, central heating plants and industry;
in eastern countries, domestic heating prob-
ably also continues to contribute signifi-
cantly to total SO2 emissions.

5.3.3 Suspended particulate matter

The data on SPM analysed below were col-
lected according to two different methods.
These comprised the measuring of concen-
trations of total SPM, irrespective of size or
colour of the particles, and of black particles
or black smoke. The correlation between
these two assessment methods, as well as
their correlation with the concentration of
PM10, depends on the local characteristics of
sources and pollution dispersion. Particulate
pollution is therefore evaluated separately
for total SPM and black smoke.

Urban population exposure

The analysis of black smoke at the end of the
1980s was based on data from 110 cities in
13 countries, covering 61 million people or
19% of the urban population; the coverage
reached 30% in the western countries. Data
on total SPM were available from 70 cities in
14 countries, covering almost 31 million
people or 10% of the urban population.
Again, the best coverage (15%) was obtained
for the western countries. Only for four cities
(with a total of 7 million residents) were
there data on both total SPM and black
smoke. Data on at least one SPM indicator
were available for 29% of Europeans living
in cities with a population of over 50 000
(Map 5.3).

At the end of the 1980s, about 23% of the
people living in the towns reporting on black
smoke concentrations (over 14 million
people) were exposed to annual mean levels
above the guideline value of 50 µg/m3 (Table
5.3). The highest levels (above 100 µg/m3)
were reported from Tampere in Finland. The
data from eastern Europe, however, indi-
cated more frequent exposure to long-term
concentrations above 50 µg/m3. According
to the available data, exposure in the most
polluted towns declined markedly in the
western countries and the CCEE in the
1980s; lack of sufficient data for the USSR
in the early 1980s precludes any comparison.
In all cities with an annual mean of over 50
µg/m3, the daily guideline level of 125 µg/m3
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Table 5.3: Exposure of the populations of cities with data to annual mean concentrations of suspended particulate
matter (SPM)

Table 5.4: Exposure of the populations of cities with data to daily concentrations of total suspended particulate
matter (total SPM) above 150 µg/m3, 1986–1991
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was exceeded on at least 22 days a year, with
an average daily concentration reaching 200
µg/m3 on such days.

In the cities with total SPM data at the
end of the 1980s, over 61% of the residents
(over 18 million people) were exposed to an-
nual mean concentrations of total SPM ex-
ceeding 60 µg/m3. This is the level above
which effects on pulmonary function from
long-term exposure have been reported; this
was chosen as a reference point since there
is no long-term guideline level for total SPM.
This level was exceeded in all eight cities of
the CCEE with data and in four cities in the
Lithuanian SSR (the only part of the USSR
with data). The highest values were reported
from Sofia and Ruse in Bulgaria (up to 185
µg/m3) and from the Lithuanian SSR (a
maximum of 270 µg/m3). In the western
countries, annual average levels of 100–165
µg/m3 were reported from several Italian and
Spanish cities. The comparison of the avail-
able data from these cities for the periods be-
fore and after 1985 does not indicate a major
reduction in total SPM concentrations.

In most of the cities reporting total SPM
data, the daily concentrations exceeded the
24-hour guideline level of 120 µg/m3 for at
least a few days a year, and as much as 18%
of the population covered by the data were
exposed to levels of over 120 µg/m3 for at
least 200 days a year (Table 5.4). Levels of
over 120 µg/m3 were most frequently rec-
orded in Kaunas and Shyaulyay in the Li-
thuanian SSR, Sofia and Ruse in Bulgaria,
Barcelona in Spain, and Turin in Italy. In
these cities – as well as in Baia Mare in Ro-
mania, Ostrava in Czechoslovakia and sev-
eral cities of northern Italy – total SPM le-
vels exceeded 150 µg/m3 for more than 100
days a year. In the Italian cities with data
from both the early and late 1980s, high pol-
lution days did not become less frequent in
the second half of the decade.

Rural population exposure

No special modelling of SPM concentrations
was performed for this analysis. The scarcity
of emission data, as well as a lack of uniform

data on SPM concentrations, restricted the
calculations. A report from the Netherlands
based on an atmospheric dispersion model
[52] indicates that the estimated annual
average concentrations of total SPM exceed
50 µg/m3 in two rural areas: the so-called
Black Triangle and the Donetsk region in
eastern Ukraine.

Total population exposure

The inadequacies of the data for rural popu-
lations have been explained. Further, al-
though most of the data on SPM related to
urban areas, those for total SPM were li-
mited to a relatively small number of cities,
especially in the CCEE, and many of the
cities where high total SPM levels would be
expected were included. It was considered,
therefore, that the cities with data were not
sufficiently representative to provide a rea-
sonable basis for extrapolation to all other
urban areas. The estimate of population ex-
posure is therefore limited to the urban
populations with data. The major emission
sources are probably the combustion of coal,
especially in eastern countries, and the use
of diesel heavy goods vehicles and cars; up
to one third of PM10 may originate from ve-
hicles with petrol engines. Indoor sources of
SPM also contribute to total exposure.

5.3.4 Lead

Urban population exposure

For the early 1980s, data on lead concen-
trations in air, reported as annual average
values, were available for 49 cities in 10
countries, covering about 27 million people
or 9% of the urban population of the Region
west of the Urals. For the late 1980s, data
were available from 76 cities with a total of
42 million people or 13% of the urban popu-
lation. Out of this number, 23 million lived
in 27 cities in 11 western countries, and 19
million in 49 cities in 5 eastern countries.

In the early 1980s over 2 million people,
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or almost 10% of the urban population with
data, lived in areas where the upper limit of
the annual WHO guideline values (1.0 µg/
m3) was exceeded. The highest concen-
tration of 1.29 µg/m3 was reported from
Dublin. A further 15 million (a total of 63%)
lived in cities where the lead concentration
exceeded the lower limit of the guideline
values (0.5 µg/m3). According to the data
from the late 1980s, urban populations in
the western countries were no longer ex-
posed to airborne lead at concentrations
above 0.5 µg/m3. In the cities of eastern
countries with data for both the beginning
and the end of the 1980s, lead concen-
trations also declined or remained un-
changed over the decade. Among the large
cities in eastern countries, Bucharest, Baia
Mare and Medias in Romania, which are in-
habited by over 2 million people (11% of the
eastern population in cities with data), still
showed lead concentrations above 0.5 µg/
m3. In Medias, which had a population of
75 000, the annual average lead concen-
tration was 1.11 µg/m3.

In addition to the data from cities, data on
lead concentrations in ambient air were
available from a few small towns with fewer
than 50 000 residents. Most of these had
lead concentrations below 0.25 µg/m3 at the
end of the 1980s. The exceptions were two
industrial towns in Romania (Copsa Mica
and Zlatna, with some 28 000 people ex-
posed) where the annual mean concen-
trations were 1.2 and 2.5 µg/m3, respectively.

These data indicate that certain hot spots
of lead pollution in air still exist, in small as
well as in large urban areas, that require ur-
gent action for control.

Rural population exposure

Lead exposure in rural areas was calculated
for four different years: 1980, 1982, 1985
and 1989, using the long-range transport
model developed by Alcamo et al. [50]. Esti-
mated maximum annual average rural con-
centrations were up to 0.1 µg/m3. In general,
monitoring data for lead from more than 60
rural sites [50] support the computed con-

centration patterns. As in the case of urban
lead concentrations, these calculations indi-
cate a clear decrease in lead levels in am-
bient air between the early and late 1980s.

Total population exposure

Based on the above computations, the total
population exposure can be summarized as
follows. In the early 1980s, 5% of Europe’s
urban population in cities with data were ex-
posed to lead in ambient air at concen-
trations above 0.5 µg/m3, with almost 1% ex-
posed to levels over 1 µg/m3. If these data
are taken as representative of all European
cities, it can be calculated that up to 200 mil-
lion people (63%) lived in areas with lead le-
vels above the lower guideline limit in the
early 1980s. During the decade, lead concen-
trations decreased markedly and levels above
0.5 µg/m3 were reported for less than 1% of
the urban population of Europe in the late
1980s. At the end of the decade, levels above
the guideline values were no longer reported
from the western countries, but were still
found in the eastern part of the Region, no-
tably in Romania.

The emission data clearly reflect the tem-
poral changes in and the spatial pattern of
lead concentrations in ambient air. In 1982,
the amounts of lead emitted by western and
eastern countries were 48 000 and 42 000
tonnes, respectively. By 1989, the emissions
decreased by 50% in western countries but
remained the same in eastern countries. The
decrease can be attributed predominantly to
a reduction in the use of lead additives in
petrol, which declined by a factor of two be-
tween 1985 and 1990 (Pacyna, J., personal
communication, 1992). This emission situ-
ation, the expected future growth in vehicle
stock and kilometres driven, and the experi-
ence from western Europe in the early 1980s
(when lead from petrol was the predominant
source of lead in city air) indicate that lead
concentrations in eastern Europe will con-
tinue to exceed the guideline level of 0.5 µg/
m3 unless measures to reduce emissions are
promptly implemented.

The monitoring data and estimates pre-
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sented are insufficient to indicate some peak
exposures at particular locations. Such hot
spots may still occur around large, uncon-
trolled smelters of ferrous and non-ferrous
metals, in other metal industries, in power
plants and in cement factories in such indus-
trial cities as Medias, Copsa Mica and
Zlatna in Romania. Incomplete data from
Bulgaria indicate that high levels of lead in
air (above 1 µg/m3) can be found in a
number of industrial cities such as Burgas,
Plovdiv and Kurdzhali, which have close to
700 000 inhabitants [53].

One should remember that people can be
exposed to lead through several media.
Nevertheless, although lead in ambient air is
responsible for only about 20% of total expo-
sure [6] much of the lead found in water,
food and soil is initially emitted into, trans-
ported by and deposited from the air. Thus,
effective control of overall exposure still
means tight control of all lead-emitting
sources of air pollution.

5.3.5 Nitrogen dioxide

Urban population exposure

Data on annual mean NO2 concentrations at
the end of the 1980s were available from 144

cities in 18 countries, covering a population
of 91 million people or 29% of the urban
population of the Region west of the Urals.
The distribution of populations with data
was fairly uniform, with the poorest coverage
(21%) in that part of the USSR west of the
Urals (Map 5.4). For 19% of the residents of
cities with data, the annual average NO2
level exceeded 60 µg/m3. This is the level
above which population studies show effects
on the respiratory system from long-term ex-
posure; it is used as a reference point be-
cause there is no WHO guideline level for
long-term exposure to NO2. Only one city,
Belgrade, had levels above 100 µg/m3, which
is the national ambient air quality standard
in the United States. The available data indi-
cated no large differences between groups of
countries in the distribution of average
long-term levels of NO2 and no changes in
pollution levels over the 1980s (Table 5.5).

The daily average WHO guideline level for
NO2 (150 µg/m3) was exceeded in 25 cities
inhabited by 21 million people, or by 23% of
people in cities with NO2 data (Table 5.6).
Such levels were more common in the west-
ern than the eastern countries. The days
with levels above 150 µg/m3, however, were
fewer than 10 per year in most of the cities.
Only in three cities were such concentrations
seen for longer periods in the second half of

Table 5.5: Exposure of the populations of cities with data to annual mean concentrations of nitrogen dioxide
(NO2)
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the 1980s: almost 30 days per year in Mad-
rid and Athens and as many as 88 days per
year in Belgrade. In these three cities, the
daily average concentrations occasionally ex-
ceeded 300 µg/m3.

Rural population exposure

In general, estimated NO2 concentrations in
rural areas do not seem to exceed the daily
WHO guideline value of 150 µg/m3. This is
suggested by EMEP long-range transport
model calculations for three different years:
1985, 1988 and 1989 [48] and confirmed by
the available NO2 monitoring data. On aver-
age, therefore, the rural population of Eu-
rope is not exposed to any NO2 concen-
trations above the daily WHO guideline
value. It should be noted, however, that the
calculations as well as most of the measure-
ments indicate only relatively large-scale,
long-term trends; they do not imply that
people living in rural areas never experience
any elevated NO2 levels in ambient air.
These may well occur during local, high-level
pollution episodes, and from indoor
emission sources.

Total population exposure

The available data indicate that at least 7%
of the urban European population (21 mil-
lion people) or 3% of the total European
population west of the Urals, experience
concentrations of NO2 exceeding the daily

guideline level. If these data are taken as rep-
resentative of all cities in Europe and extra-
polated to provide exposure estimates, 20%
of the urban population (56 million people),
or 8% of the total population may be ex-
posed to NO2 levels above the guideline
level. On average, exposure to NO2 in am-
bient air does not seem to differ in any im-
portant way between eastern and western
European cities, and no definite trend in
concentrations can be indicated. Indoor
sources such as gas stoves have an important
impact on the patterns of exposure to NO2,
affecting both short-term peak exposure as
well as long-term average exposure, and may
relate both to urban and to rural popu-
lations.

The total European emissions of nitrogen
oxides (NOx), which determine ambient
NO2 levels, remained approximately stable
between 1980 and 1990 at 21 million tonnes
per year (Simpson, D., personal communi-
cation, 1993). In 1980, 52% of these
emissions stemmed from western Europe
and 48% from eastern Europe; this picture
had changed little by 1990, when 51% came
from western Europe and 49% from eastern
Europe.

In general, road traffic is the major source
of NO2 exposure and levels above the WHO
guidelines in cities in Europe. Motor ve-
hicles contribute around 50% of total
emissions in Europe; the second largest
source is power and heating plants, which ac-
count for another 30% [54]. In western Eu-

Table 5.6: Exposure of the populations of cities with data to daily nitrogen dioxide concentrations above
150 µg/m3,a 1986–1991
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rope, the contribution from road traffic is
somewhat higher (about 60%), while power
and heating plants give rise to about 20% of
emissions. In eastern Europe, the shares are
about equal at 40% each. While emissions
from the two main sources remained more
or less constant between 1980 and 1990 in
eastern Europe, an increase in traffic
emissions in western Europe was offset by a
comparative emission decrease from station-
ary sources [54]. It should further be noted
that, although traffic contributes on average
50% to total NOx emissions, it contributes
significantly more to ground-level NO2 con-
centrations in cities because of the low
height of these emissions [55]. Thus, reduc-
ing population exposure in urban areas to
below the daily WHO guideline value would
require the implementation of strict
emission controls on all road vehicles, and
the limiting of traffic in congested areas of
cities. Reducing emissions from stationary
sources would require improved energy con-
servation measures and the installation of
NOx reduction equipment in all large power
stations and heating plants. So far, there has
been no substantial emission reduction on a
European scale. The 1987 ECE Protocol on
NOx emission reductions only requires
emissions to remain stable, which does not
appear to be sufficient to ensure the attain-
ment of the WHO guideline level for daily
exposure.

5.3.6 Ozone

In contrast to the other pollutants discussed
in this chapter, O3 is a so-called secondary
pollutant; that is, it is not directly emitted
but is formed from other pollutants, particu-
larly volatile organic compounds (VOC) and
NOx, through chemical reactions in the at-
mosphere. Although NOx emissions con-
tribute to the formation of O3, elevated am-
bient NO2 levels also act as an O3 sink. Thus,
O3 levels tend to be lower in areas of intense
NOx emissions, such as city centres with
heavy traffic, and build up slowly downwind

from these sources. The actual amount of O3
formed mainly depends on the level and
ratio of precursor emissions, ambient tem-
perature, and the amount of sunshine. These
factors also determine how quickly O3 is
formed. In cities in southern Europe, where
temperatures in the summer are high and
sunshine is intense, photochemical smog
builds up very quickly close to urban centres.
In contrast, the build-up is slower in north-
ern Europe where temperatures are lower,
and the highest O3 levels usually occur well
away from city centres, in the suburbs and
surrounding rural areas. Ozone pollution
can, therefore, be both a local and a wider
problem.

For these reasons, O3 monitoring is
relatively rare in city centres and much of it
focuses on concentrations in rural areas. In-
sufficient urban data were available to allow
a separate estimation of urban population ex-
posure. Consequently, only rural concen-
tration data were used to estimate combined
urban and rural exposure. This probably
does not lead to an underestimate of the
total population exposure for two reasons. In
northern Europe, population exposure is, in
general, lower in cities than in the surround-
ing suburbs and rural areas. Almost no ex-
cess O3 is observed in city centres, as has
been shown for London [47]. As a result,
population exposure is somewhat overesti-
mated in northern Europe. In southern Eu-
rope, especially in Mediterranean cities,
urban O3 concentrations can be high, as the
limited monitoring data for Athens suggest.
In this case, the use of data on surrounding
rural concentrations seems somewhat to
underestimate O3 concentrations in south-
ern cities. Population exposure may there-
fore also be slightly underestimated. Only
13% of the total European population, how-
ever, lives in large cities in southern Europe.

Since O3 formation and thus O3 exposure
depend very much on the weather condi-
tions in the summer, observed annual levels
vary with meteorological conditions; hot,
sunny summers usually lead to greater expo-
sure than do cool, wet summers. Exposure
calculations were therefore based on EMEP
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model results for two different years, 1985
and 1989; the summer of 1989 was particu-
larly hot and sunny, while that of 1985 was
comparatively cold and wet.

According to calculations based on the
EMEP model, the lower limit of the range of
the hourly WHO guideline values (150 µg/
m3) was exceeded during both years over
most of Europe, the only exceptions being
parts of northern Scandinavia. The upper
limit of the range of the guideline values
(200 µg/m3) was also estimated to have been
exceeded in some places during both years.
In 1989, the area with high levels was
relatively extensive, including parts of Aus-
tria, Belgium, Denmark, France, the Ger-
man Democratic Republic, the Federal Re-
public of Germany, Greece, Hungary, Ire-
land, Italy, Luxembourg, the Netherlands,
Poland, Portugal, Spain, Switzerland and the
United Kingdom, and extending north to
southern Norway and Sweden. In 1985, on
the other hand, hourly O3 concentrations ex-
ceeded 200 µg/m3 over a much smaller area,
affecting mostly central and southern Eu-
rope. These patterns compare well with ob-
served O3 measurements from the TORa and
EMEP OXIDATEb rural monitoring net-
works.

Owing to the lack of available data on
urban concentrations, two different assump-
tions were made about the population that
could be exposed to O3. First, it could com-
prise the total European (urban and rural)
population, minus that of large cities north
of the Alps (north of latitude 47º) with a
total of 463 million people. This represents
the lower estimate and was chosen because,
as noted above, hourly concentrations of O3
in northern cities are not likely to exceed
200 µg/m3. Second, the exposed population
could include the whole population within
the EMEP grid, with a total of 656 million
people. This is justified because, although

a Tropospheric Ozone Research (TOR) project
under the EUROTRAC programme (a Eureka
environmental project).

b EMEP oxidant data collection in OECD-Europe
1985–87 (OXIDATE).

people living in city centres in northern Eu-
rope are not greatly exposed to excess O3,
concentrations in the suburbs may often be
more similar to those in rural areas, so that
at least part of the urban population is prob-
ably exposed.

On the basis of the EMEP model results,
the annual average of maximum daily 1-hour
O3 concentrations was calculated for 1985
and 1989. The long-term population expo-
sure was calculated assuming that high con-
centrations are not likely to last long in the
cities of northern Europe (i.e. according to
method 1 above).

Total population exposure in 1989
and 1985

Based on the upper estimate of the popu-
lation potentially exposed and on calculated
O3 concentration fields over Europe for the
summer of 1989, the estimated number of
people who lived in areas where hourly O3
averages sometimes exceeded 200 µg/m3

amounted to 367 million, or 56% of the
European population west of the Urals. The
highest O3 levels were computed in southern
England and in the region around Lisbon.
The extent of the exposure over the 200 µg/
m3 level can be described by the “excess
load” or the product of the concentration
over 200 µg/m3 and the time for which O3
exceeds this level. Peak values of excess load
ranged between 1200 and 2100 µg·hours/m3.
Some 50% of the exposed population experi-
enced a total of 337 µg·hours/m3 excess load
of O3. In general, the highest levels of excess
O3 occurred in areas with a high population
density, especially in Belgium, Luxembourg
and the Netherlands, southern England, the
German Democratic Republic, the Federal
Republic of Germany, northern France and
Switzerland (Map 5.5).

Using the lower estimate of 463 million
people, it was calculated that 38% lived
where the 200 µg/m3 hourly value was some-
times exceeded. The median excess O3 load
was computed as 299 µg·hours/m3.
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The frequencies of occurrence of these ex-
cess levels in 1989 were computed; the re-
sults indicate that the upper hourly guideline
value of 200 µg/m3 was exceeded, on aver-
age, on 3.8 days per year. The number of
days ranged from 1 to 19 in the various
areas. The highest frequency was estimated
for an area near the borders between France,
the Federal Republic of Germany and Lux-
embourg.

Population exposure calculations for
1985, when O3 levels were relatively low
throughout the year, suggest that 16–22% of
the total European population was exposed
to hourly O3 concentrations above 200 µg/
m3, with the median excess load for those ex-
posed ranging from 60 to 70 µg·hours/m3.
The ranges indicate the lower and upper esti-
mates of likely exposure, assuming 463 or
656 million people potentially exposed, re-
spectively. Such levels occurred on an aver-
age of 1.5 days per year. In 1985, the highest
O3 exposures occurred in central and south-
ern Europe (Map 5.6).

Long-term exposure of the total
population

Maximum annual mean O3 concentrations
were estimated to be 130 and 139 µg/m3 for
1985 and 1989, respectively. In the cool year,
the annual O3 concentrations were estimated
to exceed 90 µg/m3 in areas inhabited by 431
million people, or 65% of the European
population covered by the models. This is
the level above which effects on pulmonary
function from long-term exposure have been
observed; it was chosen as a reference point
since there is no long-term WHO guideline
value for O3. In northern Europe, the pro-
portion of the rural population exposed to le-
vels above 90 µg/m3 was estimated to be
63% in 1985 and 95% in 1989. For southern
Europe, it was calculated that over 95% of
the population was exposed to such concen-
trations in both years, with 10% of the popu-
lation (22 million people) living in areas
with long-term O3 averages in the range of
110–140 µg/m3 even in 1985. Model calcu-

lations indicated a rather uniform distribu-
tion of high (over 110 mg/m3) levels of O3 in
the central and eastern parts of southern Eu-
rope in 1985, the highest values for 1989 oc-
curring in central continental Europe with a
maximum over the Alpine countries.

Overall exposure

The annual variations in meteorological con-
ditions can particularly affect the magnitude
of exposure to peak ozone levels. During
both 1985 and 1989, at least one sixth of the
Region’s population west of the Urals, or al-
most 150 million people, was estimated to
have been exposed to 1-hour concentrations
above 200 µg/m3. As an upper estimate, it
can be expected that more than 50% of the
population may experience such concen-
trations in warm, sunny years. Levels above
the guideline value of 150 µg/m3 are experi-
enced by 63–95% of the population, depend-
ing on climatic conditions and assumptions
related to the population potentially ex-
posed. Further, long-term average O3 con-
centrations are relatively high in a large part
of Europe, even in the less sunny years. Ex-
posure to high concentrations of O3 is a
widespread problem across Europe, affecting
both urban and rural populations. The area
most heavily affected by short-term episodes
of high concentrations is central north-west-
ern Europe, while the southern countries
have high long-term average levels and prob-
ably high short-term levels in cities.

At this stage, it is difficult to predict
trends in O3. Although levels in the tropo-
sphere have increased over the past decade,
urban O3 concentrations have probably de-
creased on average owing to increased NOx
emissions from traffic. Overall trends in O3
concentrations in Europe therefore remain
unclear. Any trend in precursor emissions
may, however, also be taken as an indication
of the likely trend in O3 concentrations and
exposure. As discussed above, total NOx
emissions remained relatively stable through-
out the 1980s but NOx emissions from traf-
fic increased, especially in urban areas. Total
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VOC emissions in Europe increased by an
average of 18% between 1980 and 1990,
from 22 to 26 million tonnes per year. The
increase was somewhat lower in western Eu-
rope (only 7%), and higher in eastern Eu-
rope (27%). With these trends, exposure to
O3 does not appear likely to decrease.

If population exposure to O3 in Europe is
to be substantially reduced, strict emission
controls are needed on VOC and NOx
sources. For NOx, these are motor vehicles
and stationary combustion sources.
Man-made VOC emissions also stem from
mobile sources (about 45%), ineffectively
controlled industrial processes (around
15%) and widespread solvent use (about
40%) [51].

Over the last few years, increasing attention
has been paid to both indoor climate and in-
door air quality. One of the main reasons is
the fact that people usually spend most of
their time in different types of indoor en-
vironment, including the home or work-
place, in transit, and educational or leisure
facilities. On average, people spend more
than 50% of their time at home and some
groups, such as small children and elderly
people, may spend 90% or even more time
indoors. Another important factor is the rec-
ognition that the increased use of new ma-
terials in the construction and furnishing of
buildings has resulted in exposure to an in-
creasing number of compounds indoors.
Further, recent data indicate that exposure
to several pollutants may be much greater in-
doors than outdoors, owing to additional in-
door sources. Finally, efforts in many coun-
tries to conserve energy, following the energy
crisis in the 1970s, have sometimes resulted
in a marked reduction in air exchange rates
in both new and older buildings, and conse-
quently in an increase in indoor air pollutant
levels.

5.4 Indoor Air Pollution

5.4.1 Pollutants and their sources

Many air pollutants are present in indoor en-
vironments, and their concentrations may
vary widely not only between locations but
also between buildings at the same location
and even rooms in the same building. As
shown in Table 5.7, the sources of airborne
contaminants in indoor environments are
numerous [57–59]. Some indoor air pollu-
tants are primarily generated outdoors, but
may also have indoor sources. Such pollu-
tants include SPM, SO2, NO2, carbon mon-
oxide (CO), photochemical oxidants, lead
and some VOC. In the absence of additional
indoor sources, the ratio of indoor to out-
door concentrations is, in general, in the
range of 0.7 to 1.3.

The pollutants generated or released in-
doors can be divided into two categories.
The first is related to human presence or ac-
tivities. For example, combustion, particu-
larly with inadequate ventilation, or the evap-
oration of solvents can result in substantial
releases of gaseous and particulate pollu-
tants including CO, carbon dioxide (CO2),
NO2, SO2, water vapour and VOC. The prin-
cipal combustion sources are tobacco smok-
ing, gas cooking stoves and unvented heaters
(such as kerosene heaters), as well as the
burning of wood or coal in stoves and open
fireplaces. The second category of pollutants
with predominantly indoor sources are those
released from buildings and furnishings. For-
maldehyde may be released from a number
of building materials, particularly from par-
ticle board and plywood as well as from urea
formaldehyde foam insulation, furnishings
and/or household products. Other VOC may
also be released from furnishings or house-
hold products. Asbestos and other mineral
fibres used in insulation may be present in
indoor air. Radon and its decay products
may accumulate indoors, mainly from the
ground beneath a given building but some-
times from the building materials them-
selves.

In addition to chemical and physical con-
taminants, various biological agents that
may affect human health are frequently pre-
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sent in indoor air environments [7]. Bacteria
(including actinomycetes), fungal spores,
algae, the fragments and droppings of house-
dust mites, and animal dander are among the
most prevalent. These produce illness
through infection of the respiratory tract or
by stimulating an immune response. Many
indoor environments provide sufficient
moisture and an appropriate temperature for
the growth of microorganisms and mites
(see also Chapter 14). Measures taken to
conserve energy may enhance these condi-
tions. For example, a recent study from
Sweden found such homes to have a level of
infestation with domestic mites similar to
that reported from subtropical regions [60].

5.4.2 Effects on health

The large diversity of indoor air pollutants
may have various adverse effects on health,
ranging from sensory annoyance or discom-

fort to severe effects [58,59,61,62]. Estab-
lishing causal relationships between specific
exposures and defined health outcomes is
often difficult, however, mainly because of
the multifactorial nature of exposure to in-
door air pollutants. Few studies have been
carried out in Europe to quantify particular
exposures and related health effects. Table
5.8 lists examples of health effects that may
result from exposure to certain indoor air
pollutants.

Indoor air pollutants may affect different
organs and systems but the primary target of
most air pollutants is the respiratory system.
Observed effects include changes in pulmon-
ary function, an increase in respiratory
symptoms (such as coughing, wheezing,
shortness of breath and phlegm), respiratory
infections, the sensitization of airways to al-
lergens in the indoor environment, and asth-
matic attacks. The principal agents affecting
the respiratory system include combustion
products (such as particulate matter, NO2
and SO2), environmental tobacco smoke,

Table 5.7: Major indoor air pollutants and their principal sources
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formaldehyde, allergens and infectious or-
ganisms.

Among the effects of indoor air pollutants
on the respiratory system, those of environ-
mental tobacco smoke are relatively well es-
tablished. A recent review from the United
States showed that the incidence of acute re-
spiratory infections in children of mothers
smoking at home is 1.5–2 times higher than
that in other children [63]. The correlation
depends on the extent of the exposure and is
more pronounced in younger children, as in-
dicated by recent epidemiological studies. In
a cohort of British children, the prevalence
of wheezy bronchitis in those aged 1–
10 years was 14% higher when mothers
smoked 4–13 cigarettes a day, and 49%
higher when mothers smoked more, than in
the children of nonsmoking mothers [64].
The effects observed in infants are even
more pronounced. In a large cohort followed
through the first year of life, the prevalence
of lower respiratory illness was 50% higher
when the mother smoked, and the risk in-
creased to 2.7 when the mother smoked at
least a pack of cigarettes per day and the
child stayed at home rather than attending
daycare [65].

Other effects on the respiratory system
may be related to an increased indoor expo-
sure to NO2 associated with the use of gas

stoves. Analysis of data from 11 studies [66]
showed about a 20% increase in the inci-
dence of respiratory illness in children with a
30 µg/m3 increase in long-term average con-
centrations of NO2. In addition, respiratory
function in children, especially in asth-
matics, was found to be adversely affected by
increased levels of formaldehyde emitted by
building materials and home equipment
[67].

Indoor air pollutants may affect the im-
mune system and provoke allergic responses,
including rhinitis and conjunctivitis, asthma
and alveolitis, and atopic dermatitis. The
continued exposure of sensitized individuals
may result in permanent lung damage. Pollu-
tants triggering such responses include al-
lergens from house-dust mites, dander from
pets, fungi (including yeasts and moulds)
and bacteria (including actinomycetes) [68].
Epidemiological studies have shown that ex-
posure to house-dust mites during childhood
may be an important risk factor for the devel-
opment of allergic asthma [69].

Some indoor air pollutants are carcino-
genic. In particular, environmental tobacco
smoke (which contains a number of carcino-
genic agents), radon and its decay products,
and asbestos fibres have been demonstrated
to increase the risk of lung cancer develop-
ing, and there may be synergism between the

Table 5.8: Health effects of selected indoor air pollutants
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actions of these agents. Chapter 12 discusses
in detail the cancer risk related to indoor
radon exposure. Several epidemiological
studies have examined the relationship be-
tween lung cancer and exposure to environ-
mental tobacco smoke. The combined evi-
dence from 25 of them indicates an increase
in risk by 20–30% in nonsmokers married to
smokers [70]. For other potential carci-
nogens – including benzene, formaldehyde,
polynuclear aromatic hydrocarbons (PAHs),
pesticides and nitrosamines – no firm evi-
dence exists of carcinogenic effects at the
concentrations encountered in non-occupa-
tional indoor environments. Indoor environ-
ments, however, may have a significant im-
pact on the extent of total exposure to these
substances from air. As illustrated by an
American study [71], the contribution to
total individual exposure to benzene in air
from active and passive smoking and other
personal activities at home may amount to
78%, with an additional 5% due to exposure
inside vehicles during travel. These indoor
sources are only responsible for up to 3% of
all benzene emissions to air, while motor ve-
hicles and industry contribute 83% and 14%,
respectively.

Indoor air pollutants may affect the skin
and mucosal tissues, resulting either in pri-
mary sensory irritation or in irritation sec-
ondary to inflammatory changes in the skin,
mucous membranes or other tissues. In gen-
eral, the symptoms observed are non-spe-
cific. Formaldehyde and other aldehydes,
VOC and environmental tobacco smoke may
evoke such responses.

The effects of indoor air pollutants on the
nervous system encompass effects on the
senses and the central nervous system. Sen-
sory effects include those related to odours
and eye irritation or dry skin, which may be
caused by VOC, formaldehyde and environ-
mental tobacco smoke. Effects on the cen-
tral nervous system include toxic and hy-
poxic or anoxic damage to nerve cells. Such
effects may be the consequence of exposure
to VOC, various pesticides and CO.

Exposure to CO may also adversely affect
the cardiovascular system; cardiac arrhyth-

mia and aggravation of angina symptoms
have been observed at the relatively low ex-
posure levels encountered indoors or in en-
closed spaces such as inside vehicles or in
street tunnels [72]. Despite the recognition
of the hazard of CO poisoning, domestic
fatalities from acute exposure are still re-
ported, often as a result of faulty installation
or use of gas appliances [73].

The sick building syndrome is a term used
to describe a set of various symptoms that
are observed mainly, but not exclusively, in
air-conditioned buildings not directly con-
taminated by industrial processes. They typi-
cally include mucous membrane and eye irri-
tation, cough, chest tightness, fatigue, head-
ache and malaise.

The following criteria are used to define
the sick building syndrome [62]. First, a
high proportion of the occupants of the
building react. Second, the symptoms and
reactions observed include acute physiologi-
cal or sensory reactions (such as sensory irri-
tation of mucous membranes or skin, gen-
eral malaise or headache, non-specific hyper-
sensitivity reactions, dryness of the skin, and
complaints about odours or taste) and psy-
chosocial reactions (such as decreased pro-
ductivity, contact with primary health care
services, and initiatives to modify the indoor
environment). Irritation in eyes, nose and
throat dominate, and systemic symptoms are
infrequent. Finally, there is no obvious
causal relationship with high exposure to a
single agent.

In principle, the symptoms are mainly re-
ports of discomfort or the feeling of being
less than well. In general, these symptoms
disappear when the person leaves the build-
ing. The sick building syndrome usually can-
not be attributed to excessive exposure to a
known contaminant or to a defective venti-
lation system. A number of factors may be
involved:

• physical factors, including temperature,
relative humidity, ventilation rate, artifi-
cial light, noise and vibration;

• chemical factors, including environmental
tobacco smoke, formaldehyde, VOC, pes-
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ticides, odorous compounds, CO, CO2,
NO2, and O3; and

• biological and psychological factors.

The interaction of several factors involving
different reaction mechanisms is assumed to
cause the syndrome, but there is as yet no
clear evidence of any exposure–effect rela-
tionship [74].

5.4.3 Exposure in Europe

Indoor concentrations of air pollutants are
influenced by outdoor levels, indoor sources,
the rate of exchange between indoor and out-
door air, and the characteristics and furnish-
ings of buildings. Concentrations are subject
to geographical, seasonal and diurnal vari-
ations. The exposure varies significantly be-
tween and within various populations, de-
pending on occupancy patterns and the fac-
tors already mentioned.

Indoor levels of NO2, for example, depend
on the presence of gas heaters and cooking
ranges (used in 20–80% of houses in some
countries). In dwellings with gas equipment,
the average NO2 concentrations (over 2–7
days) observed in European countries were
20–40 µg/m3 in living rooms and 40–70 µg/
m3 in kitchens, while they were 10–20 µg/m3

in dwellings without gas equipment. These
values may be doubled in rooms facing
streets with heavy motor traffic. The average
levels reported by five countries fell within
these ranges. These exposure levels may have
an effect on respiratory function, as already
discussed. People may be exposed to higher
NO2 levels under certain circumstances, as
in dwellings equipped with unvented cooking
ranges. In addition, short-term measure-
ments reveal concentrations that may be
fivefold higher than those averaged over sev-
eral days. Peak values of up to 3800 µg/m3

for 1 minute have been measured in the Ne-
therlands in kitchens with unvented gas
cooking ranges [75,76].

In general, average CO concentrations in
Europe are well below the short-term WHO
guideline values of 60 mg/m3 for 30 minutes
or 30 mg/m3 for 1 hour. In kitchens with gas

stoves, short-term values of up to 15 mg/m3

have been measured. The highest values
were measured in bars and pubs, where
smoking is common, with average concen-
trations of 10–20 mg/m3 but peak levels of
up to 30 mg/m3 [76].

Formaldehyde concentrations in indoor
air, as reported by five countries, ranged
from 9 to 70 µg/m3. These values agree well
with the data reviewed in the literature,
where mean indoor air levels of formalde-
hyde were found to be 5–63 µg/m3 with
higher values occasionally encountered, es-
pecially in dwellings with urea formaldehyde
foam insulation [77]. The WHO guideline
value of 100 µg/m3 for short-term exposure,
which is based on irritative effects, is on
average not exceeded.

The geographical variation in exposure to
radon in the European Region is discussed
in Chapter 12. In general, average levels in-
doors are 20–70 Bq/m3 [78] although they
may be ten times higher in certain areas.

Exposure to environmental tobacco
smoke is an important factor in indoor air
quality assessment. The particulate and va-
pour phases of such smoke are complex mix-
tures of several thousand chemicals, includ-
ing known carcinogens such as nitrosamines
and benzene. One of the most commonly
used indicators of concentrations of environ-
mental tobacco smoke is the level of PM10
pollution. This is 2–3 times higher in houses
with smokers than in other houses [35]. Nic-
otine is present in the vapour phase, with
concentrations of up to 10 µg/m3 in houses
with smokers. Data from nine countries re-
vealed that 33–66% of households had at
least one smoker. The proportion of children
with mothers smoking at home varied from
20% to 50%, that of children with fathers
smoking at home from 41% to 57%. A recent
German study confirmed these estimates, in-
dicating that exposure to maternal and/or
paternal smoking was considerably higher
among children of less educated parents
[79]. Exposure to tobacco smoke, particu-
larly the exposure of children, is therefore a
major environmental health problem
throughout the European Region.
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Scattered data are available on exposure
to other indoor air pollutants, including
VOC and biological contaminants, but as-
sessments are hindered by large differences
in sampling design and methodology, as well
as in analytical techniques. A comprehensive
study conducted in 479 dwellings in Ger-
many measured a total of 172 different VOC
[80]. Mean concentrations were almost al-
ways below the WHO guideline values. The
full extent of European population exposure
to biological particles promoting allergic sen-
sitization is difficult to assess. Some evi-
dence links dampness in houses with mite
numbers, mould growth and respiratory ef-
fects. Surveys from the Netherlands and the
United Kingdom suggest that around 15–
20% of houses may be affected to some ex-
tent by dampness [68].

The potentially important contribution of
indoor air pollutants to total exposure
requires the indoor environment to be con-
sidered in the overall assessment of the
health risks of air pollution. There is a strong
need for coordinated studies of exposure to
indoor air pollutants and of their possible
health effects.

The chemical composition of the global tro-
posphere, the lowest 10–15 km of the atmos-
phere, is changing. Various trace gases that
are chemically inert in the troposphere
(greenhouse gases), such as CO2, nitrous
oxide (N2O) and chlorofluorocarbons
(CFCs), as well as some more reactive com-
ponents such as methane (CH4), CO and O3,
show a strong increase in concentration.
This is associated with the possibility of glo-
bal warming.

The observed depletion of the ozone layer
in the stratosphere (the upper atmosphere,
above 10–15 km) during recent decades is a
truly global air pollution problem. It is now

5.5 Global and Transboundary
Air Pollution

evident that the principal cause is the sub-
stantial increase in industrially produced
CFCs and halons that have found their way
to the stratosphere. Owing to their long life,
they are expected to cause ozone depletion
until at least 2100.

Another important large-scale change is
the decline in the self-cleaning ability of the
troposphere, due to a lowering of the level of
hydroxyl radicals as a result of an increase in
CH4 and CO2 emissions. Although these
radicals are present in very small concen-
trations in the atmosphere, hydroxyl reacts
with virtually all trace gases including those
that would otherwise be inert. If concen-
trations of hydroxyl decrease, trace gases will
have a longer atmospheric lifetime and thus
increase in concentration. This includes
greenhouse gases such as CH4 and substi-
tutes for CFCs such as hydrochlorofluor-
ocarbons, which could reach the strato-
sphere and deplete ozone.

Although the Region’s population repre-
sents only about 15% of the world’s popu-
lation, its nations contribute a larger percen-
tage of the greenhouse and ozone-depleting
gases: 30% of CO2 and 36% of CFCs. At the
same time, global air pollution problems
may greatly affect the Region’s 850 million
inhabitants. The combined problems of glo-
bal warming, stratospheric ozone depletion
and increased tropospheric pollution may
have important implications for human
health. The magnitude of these effects will
be determined to a considerable degree by
energy policies and the control of emissions
of greenhouse gases and CFCs.

Acid deposition is a regional air pollution
problem that has been observed in Europe
for the past two decades and is now also
being seen in other parts of the world. The
major precursors of acid deposition are SO2,
NOx, ammonia and their oxidation products.
Until now, acidification has been seen
mainly as a threat to the natural environ-
ment, since it has eliminated fish in Scandi-
navian lakes and contributed to forest die-
back. Owing to the mobilization of heavy
metals, however, human health may also be
affected.
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5.5.1 Climate change in the
European Region

Greenhouse gases regulate the temperature
of the earth and its atmosphere. The most
important of these are water vapour and
CO2; of lesser importance but still signifi-
cant are CFCs, CH4, N2O and O3. Accord-
ing to global warming theory, an increase in
the concentration of these gases should
cause an increase in global average surface
temperatures. Indeed, palaeoclimatological
data provide some support for this theory
[81]. Emissions of SO2 lead to the build-up
of sulfate aerosols in the atmosphere, how-
ever, and these aerosols may partly offset the
effect of greenhouse gases by reflecting solar
radiation back into space and by increasing
cloud cover [82].

Although observations are broadly con-
sistent with the theoretical predictions of cli-
mate models, the timing and extent of global
warming remain rather uncertain. This is be-
cause large gaps remain in knowledge of the
global climate system, such as the strength
of feedback to the climate from the atmos-
phere, oceans and biosphere (including the
role of clouds, for example) or the influence
of particles on the earth’s energy balance
and potential warming. The International
Panel on Climate Change (IPCC) [83] esti-
mates that a doubling of pre-industrial levels
of CO2 would lead to an increase in the glo-
bal average temperature of 1.5–4.5 °C.

To evaluate the consequences of climate
change, it is common to take as a reference
point the doubling of CO2, or an equivalent
amount of total greenhouse gases, in the at-
mosphere relative to its pre-industrial level,
i.e. before the period 1750–1800. As to the
likely timing of a doubling of CO2 in the at-
mosphere, the IPCC “business as usual”
scenario, which is considered a high
emissions scenario, predicts it will occur by
2025; under the IPCC low emissions scen-
ario, doubling will take place around 2060
[84]. While the timing and extent of global
warming are uncertain, the changes of cli-
mate at the regional level in Europe and
other parts of the world are still more indefi-

nite. General circulation models, however,
consistently predict that temperature in-
creases will be greater at the high than at the
low latitudes. Hence the extent of tempera-
ture increases in the European Region is ex-
pected to be larger on average than that in
the tropics.

The IPCC [82] collected best-guess mod-
els of the change in climate for southern Eu-
rope from pre-industrial times to the year
2030, under the assumption that average glo-
bal warming would be 1.8 °C by that year.
The temperature was predicted to be 2 °C
warmer in winter and 2–3 °C warmer in
summer, precipitation 0–10% greater in
winter and 5–15% lower in summer. Yet
more important for the potential health im-
plications is the likelihood not only of mod-
erate changes in average temperature and
weather conditions but also of the increased
frequency of extreme events such as
droughts, heat waves and cold spells.

Human beings are better able to cope with
extreme environmental conditions than any
other species, and can live in virtually every
climate on earth. Changing climatic condi-
tions exert stress on the body, however,
requiring the regulation of bodily functions
to re-establish balance and conscious modifi-
cation of behaviour.

Disorders due to heat most frequently
occur with sudden increases [85]. Heat
waves regularly produce casualties, and new-
comers to very hot climates are at particular
risk during the first few days of heat expo-
sure. Acute heat illnesses are by no means
confined to the tropics; some serious mani-
festations have occurred in urban commu-
nities in temperate zones, and these episodes
are likely to increase with global warming.
Since the cardiovascular system primarily
controls the body’s conservation and loss of
heat, heat stress may aggravate pre-existing
cardiovascular disease [86]. Intermittent re-
gional variations in temperature would have
a more profound direct effect on health than
long-term climatic trends to which popu-
lations become adapted. The indirect effects
of any long-term changes in climate may,
however, be of considerable importance.
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Communicable diseases may increase as a
result of a warmer climate, and the availabil-
ity and quality of water for drinking, cooking
and sanitation could change. Global warm-
ing may modify the incidence and/or dis-
tribution of vector-borne diseases. If global
warming were to change rainfall and tem-
perature patterns, the seasonal and geo-
graphic distribution of some disease-carrying
vectors such as mosquitoes could change,
and those diseases might move further north
into the European Region. Other indirect ef-
fects on human health could result, for
example, from the disturbance of agricul-
tural production caused by inadequate water
supplies for irrigation, or the inundation of
farmland from a rise in seawater levels. De-
terioration of the environment could dis-
place large numbers of people.

5.5.2 Ozone depletion in the
European Region

The major concern with the depletion of the
stratospheric ozone layer by CFCs is that
more ultraviolet radiation from the sun pen-
etrates to the earth’s surface. As a conse-
quence, increases in skin cancer (non-mel-
anoma and malignant melanoma) may be ex-
pected, as well as possible increases in eye
diseases, primarily cataract; there may also
be alterations in the immune response. It has
been estimated that for a 1% depletion in
stratospheric ozone, non-melanoma skin
cancer can be expected to increase by about
3% [87,88]; this projection does not take ac-
count of any protective measures that might
be adopted. Indirect effects on human health
could result from impairment of photosyn-
thesis in the food chain by increased levels of
ultraviolet radiation. Chapter 11 discusses
these effects of ozone depletion on health in
more detail.

The countries of the European Union,
along with many others, have recognized the
potentially harmful effects of CFCs and ha-
lons on human health and the environment,
and two protocols have been drawn up
within the framework of the United Nations

Environment Programme: the 1985 Vienna
Convention for the Protection of the Ozone
Layer, and the 1987 Montreal Protocol on
Substances that Deplete the Ozone Layer.
More than 60 countries have now signed the
Montreal Protocol, including those in the
European Union and most eastern European
countries. Although the Protocol calls for a
reduction in CFC production to 50% of the
1986 level by the year 1999, it ignores the
fact that the CFC destruction rate in the at-
mosphere is only 15% of the 1986 produc-
tion rate. Ozone depletion would therefore
continue, even if the Montreal Protocol were
fully implemented. It was therefore amended
in London in 1990 to incorporate a com-
plete termination of CFC and halon
emissions by the year 2000, and a ban on
carbon tetrachloride and methyl chloroform
before 2000 and 2005, respectively. The
European Union has already adopted a man-
datory reduction scheme with a shorter time-
scale than this London amendment.

Only full implementation of the amended
Protocol and additional, similar restrictions
for the CFC alternatives with smaller ozone
depleting properties will result in limiting
the effects on health due to ozone depletion
before the second half of the next century. It
is calculated that postponing the effective
ban for both CFCs and alternatives for an-
other five years will result in continuing stra-
tospheric ozone depletion over an additional
period of nearly 20 years in the second half
of the next century.

5.5.3 Acid deposition in the
European Region

Acid deposition has been recognized for
over two decades in the European Region,
mainly as a threat to the natural environ-
ment. This recognition has resulted in major
research programmes and important politi-
cal commitments to reduce precursor
emissions of sulfur and nitrogen, particularly
the ECE Convention on Long-Range Trans-
boundary Air Pollution and the SO2 and
NO2 Protocols. As mentioned, the imple-
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mentation of the SO2 Protocol significantly
decreased emissions in the Region (by 28%
on average) and the resulting deposition has
also declined.

The major human health concern related
to acidification is the mobilization of heavy
metals. First, lead and copper may be
leached from the piping of municipal water
supply systems and ingested via drinking-
water. Second, cadmium and mercury may
be mobilized from acidic soils and reach hu-
mans via bioaccumulation in the food chain.
The health effects of heavy metals are dis-
cussed in Chapter 10.

5.6.1 Ambient air

Table 5.9 summarizes the estimated number
of Europeans west of the Urals who lived in
areas where the WHO guideline levels for

5.6 Trends

the five major air pollutants discussed in this
chapter were exceeded in the late 1980s. For
the most common pollutants in urban areas
(SO2, total SPM and NO2) the figures are
probably underestimates of the true number
exposed because of the gaps in the coverage
of European cities. For some urban areas
where high levels of pollution are to be ex-
pected, no data meeting the criteria for inclu-
sion in the analysis were available. The
model estimates, although validated by com-
parison with the results of air pollution
monitoring, provide estimates averaged over
relatively large areas and are not suitable for
indicating high local concentrations. These
reservations apply particularly to the pollu-
tants that are closely related to local sources
and dispersion characteristics. In spite of
these reservations and the incompleteness of
available measurements, the data at hand en-
abled a limited analysis of trends in air pollu-
tion concentrations, and indicate the wide
extent of exposure in Europe to levels of air
pollution exceeding WHO guidelines.

Table 5.9: Populations in the areas where available air pollution concentration data or model estimates indicate
that selected levels have been exceeded (late 1980s)
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For SO2, an improvement in air quality
can be reported in all parts of Europe; the
most significant decrease in average levels,
as well as in the number of acute pollution
episodes, occurred in the western countries.
This improvement is due to the reduction in
the combustion of sulfur-containing fossil
fuels, and effective emission controls on
large combustion installations. It further re-
flects the international agreement on a 30%
reduction in SO2 levels. This pollutant re-
mains a problem in large parts of Europe,
however; one third of the population may
still live in urban areas and some more rural
areas where ambient SO2 levels continue to
exceed the WHO guideline levels. The hig-
hest levels are found in the CCEE and NIS,
but the WHO guideline levels are also ex-
ceeded in cities in southern Europe. The re-
ported health effects appear to justify further
measures to reduce SO2 emissions.

Air pollution from lead has also decreased
significantly in most parts of Europe. While
a large proportion of the European popu-
lation still lived in areas where the WHO
guideline level of 0.5 µg/m3 was exceeded in
the early 1980s, western Europe reports no
more such excessive levels and eastern Eu-
rope only relatively few. The improvement,
particularly in western Europe, resulted from
the introduction of lead-free petrol and effec-
tive control of industrial sources of particu-
late emissions. The remaining hot spots in
eastern Europe are usually found around
lead-emitting industries, particularly
smelters and metallurgical industries. The
possibility of impaired neuropsychological
development in children necessitates urgent
action to clean up these hot spots. Further,
the introduction of lead-free petrol should be
encouraged in eastern Europe, so that the
WHO guideline level will not be exceeded
despite the likely increase in the number of
vehicles. Even in areas where the WHO
guideline level is now being met, but earlier
air concentrations and deposition were high,
total lead exposure remains a significant
problem owing to soil contamination.

Concentrations of SPM have tended to de-
crease in a number of cities; in the large ag-

glomerations of southern Europe, however,
where total SPM concentrations were high
in the early 1980s, the situation did not
change significantly during the course of the
decade. For eastern Europe, general con-
clusions on SPM pollution trends are very
uncertain, although the rather limited data
indicate a decrease in ambient concen-
trations of black smoke and/or total SPM,
and a reduction in dust emissions from in-
dustrial sources. In spite of the uncertainty
in exposure estimates, attempts should be
made to decrease population exposure to
SPM because of the associated adverse
health effects. In addition to the combustion
of coal for energy production, diesel ex-
hausts from heavy goods vehicles and cars
are an important source, which may be ex-
pected to increase with the expansion of
trade between countries. Petrol-fuelled en-
gines also give rise to a significant propor-
tion of PM10. Finally, indoor sources of SPM
are important contributors to the total popu-
lation exposure, and any control strategies
should include their reduction.

The available data do not show any de-
crease in ambient air concentrations of NO2.
Elevated urban NO2 levels occur in all parts
of Europe; as many as 8% of all Europeans
may experience concentrations above the
WHO guideline levels. In cities, the principal
source of population exposure is road traffic.
Exposure to NO2 can be expected to in-
crease unless strict emission controls on ve-
hicles are implemented and current traffic
congestion in cities is reduced. In addition,
the reduction of NO2 emissions from power
and heating plants may be necessary in some
countries. The health effects associated with
ambient NO2 pollution, however, are in gen-
eral less severe than those associated with
SPM or SO2.

Exposure to levels of O3 above accepted
guideline values is a widespread problem in
Europe, felt by urban and rural populations
alike; more than half of all Europeans may
be exposed to short-term O3 levels above 200
µg/m3 (the upper limit of the WHO guide-
line range). On the other hand, most of the
health effects from short-term O3 exposure
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observed to date have been transient. So far,
only one study has linked long-term expo-
sure to O3 levels over 90 µg/m3 to chronic ef-
fects on lung function. Calculations show
that some 10% of Europe’s population may
experience such annual concentrations. No
clear indication of trends in ambient concen-
tration can yet be discerned, but the
emissions of O3 precursors (VOC and NO2)
are increasing. Effective control of both
VOC and NO2, especially from traffic, could
significantly help reduce exposure to O3.

The data collection conducted for the
above analyses confirms the limited avail-
ability of information for a proper evaluation
of spatial and temporal changes in air pollu-
tion throughout the European Region. Limi-
tations result from an insufficient density of
monitoring sites in many places and/or lack
of adequate reporting, and there are serious
problems in data interpretation because of a
lack of harmonization in monitoring and re-
porting methodology. The differences in re-
porting and information storage systems
greatly restrict the exchange of data, and the
possibilities for both a comprehensive com-
parative analysis and reliable estimates of
populations at risk. An intensive effort to im-
prove the existing data is needed for the
proper assessment of exposure to air pollu-
tion in the European Region. For example,
data are inadequate for SPM, and particu-
larly PM10. Finally, an improved evaluation
is needed of health effects from quantified
exposure to air pollutants prevalent in Euro-
pean cities. An example of pollutants for
which exposure and health data are scarce is
VOC.

5.6.2 Indoor air

Although a number of health effects can be
related to indoor air pollution, particularly
respiratory illnesses in children, knowledge
about the magnitude of its impact on the
European population remains limited. A fun-
damental requirement is exposure assess-
ment. The large variations in indoor air pol-
lutant levels make it essential to design ad-

equate exposure assessment studies. The
contribution of indoor exposure to total ex-
posure to certain pollutants also needs to be
assessed. The significance of indoor expo-
sure may be expected to increase as a result
of both changes in building construction to
conserve energy and the use of new building
materials. Analytical methodologies need to
be developed and refined, particularly with
respect to biological air contaminants, and
exposure–reponse relationships established.

Quantifying indoor air pollution risks is a
complex task; priorities for research need to
be determined and information obtained for
policy development [89].

Depending on the type of pollutant in-
volved and the related health risk assess-
ment, mitigation measures may have to be
taken. These can include increased venti-
lation; source control or removal, substitu-
tion or modification; or air cleaning. In the
case of environmental tobacco smoke, ad-
justment of behaviour is required; legal
measures can prohibit smoking only in pub-
lic places.

5.6.3 Problems in exposure and
health risk assessment

As indicated above, exposure–response data
for a number of individual ambient and in-
door air pollutants are far from complete.
Both indoors and outdoors, however, people
are exposed to mixtures of pollutants on
which few data are available for health im-
pact assessment. Further, the importance of
possible interactions is largely unknown,
with the exception of tobacco smoking and
exposure to radon or asbestos.

Another problem that is common to the
assessment of the health effects of both in-
door and outdoor air pollution is the lack of
definition of susceptible groups in the popu-
lation, and of an understanding of the mech-
anisms involved. The question of the role of
air pollutants in the increasing prevalence of
asthma in some countries is a related issue.

Finally, it is recognized that improved
health risk assessment requires the further
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development of methods to assess exposure
and to diagnose early effects that predict dis-
ease. Multidisciplinary work is certainly
needed to improve existing methods, ranging
from the miniaturization of monitors to
measure concentrations of air pollution,
through the improved design of epidemi-
ological studies, to a better understanding of
biomarkers of exposure and effects.

Notwithstanding the limitations in the
availability of data, Chapter 18 attempts to
assess the overall impact of exposure to air
pollutants on the health of the population.

5.6.4 Global and transboundary
air pollution

The European Region contributes signifi-
cantly to the emissions that may cause
changes in global climate, and has 850 mil-
lion people who may suffer from the effects.
Consideration of the possible health effects
has until now received less attention than
other likely consequences on the natural en-
vironment, which appear to be much greater.
This is because of the large uncertainty
about potential effects, and the fact that hu-
mans can more easily modify their immedi-
ate environment to protect themselves from
adverse consequences than other, less adapt-
able species. It is increasingly recognized,
however, that the consequences of global en-
vironmental change may severely affect
human health and wellbeing in the long term
by indirect as well as direct mechanisms.
Despite the difficulties in predicting the tim-
ing and the likely severity of such effects,
preventive action should be taken now in
order to avoid these possible serious conse-
quences. Very recently the United Nations
Climate Convention entered into force. The
next step will be to develop protocols requi-
ring the reduction of greenhouse gas
emissions worldwide.

Evidence that ozone depletion in the
northern hemisphere is accompanied by in-
creased terrestrial levels of ultraviolet radi-
ation was lacking until recently (see Chapter
11). Although lifestyle is currently the pre-

dominant risk factor for adverse health ef-
fects, there is a clear need to restrict further
depletion of the stratospheric ozone layer to
prevent future direct and indirect effects on
health. The latest adjustments to the Mon-
treal Protocol on Substances that Deplete
the Ozone Layer, made in Copenhagen in
1992, advance the phasing out of CFCs (and
carbon tetrachloride and methyl chloro-
form) to 1996 and of halons to 1994.

Although acid deposition was first seen as
an environmental threat, it is now recog-
nized to have important potential conse-
quences for human health, largely as a result
of mobilization of heavy metals into water
and the food chain. In June 1994 a new SO2
protocol was signed (by 25 Member States
of the WHO European Region) in the frame-
work of the ECE Convention on Long-range
Transboundary Air Pollution. This has the
overall aim of a 60% reduction in SO2
emissions from 1980 levels.

The ambient air pollutants of major concern
to health in the European Region are par-
ticulate matter and SO2. Exposure to elev-
ated levels of NO2 and O3 is also very wide-
spread, but has less severe and extensive
health effects. In certain populations, air pol-
lution with lead remains an important health
problem.

In addition to these pollutants in ambient
air, a variety of indoor air pollutants con-
tributes significantly to total exposure, and
hence to health risks; many people, includ-
ing young children, spend about 90% of their
time indoors. Energy conservation measures
may increase exposure to pollutants indoors.

Road traffic contributes a significant
share of outdoor air pollution with NOx,
VOC and, secondarily, O3, as well as particu-
late matter, including lead. Trends in the
numbers of kilometres travelled and both
petrol- and diesel-fuelled vehicles suggest
that such pollution can be expected to con-

5.7 Conclusions
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tinue to increase in the 1990s; the increase
may be especially marked in eastern Euro-
pean countries. The problem is particularly
severe in large cities, and urban planning
measures (including public transport pol-
icies) and vehicle emission control will be
important in finding a solution.

Particularly in eastern countries,
emissions from large industrial sources, in-
cluding coal-fired power and heating plants
and metal smelters, contribute significantly
to air pollution. In addition, domestic heat-
ing with coal still prevails in some areas,
causing high local levels of SO2 and particu-
late matter. Although cost-effective in the
medium and long term, the initial instal-
lation of emission control equipment
requires considerable capital outlay, which
may currently pose a problem for the CCEE
and NIS.

Current international agreements on
emission reductions are insufficient to re-
duce population exposure everywhere in the
Region to levels below the WHO guideline
values. Until emission sources are effectively
controlled, measures are needed to deal with
acute pollution episodes. For example, warn-
ing systems can be adopted to inform the
public of elevated pollution levels and of
measures that can be taken to reduce per-
sonal exposure; temporary restrictions on
emission sources during severe pollution epi-
sodes may also be necessary.

The potential adverse effects on health as-
sociated with global climate change and
ozone depletion necessitate the immediate
adoption of preventive measures.

Reliable data on emissions and ambient
air quality are needed for the monitoring and
verification of the effectiveness of controls.
Harmonized data reporting throughout the
European Region could significantly im-
prove the understanding of the current air
pollution situation and assessments of re-
lated risks to health.
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The quality of a substantial proportion of the
drinking-water resources in Europe is endan-
gered by increasing pollution. In many areas,
contamination of surface water and ground-
water used for abstraction has resulted from
the absence or lack of use of appropriate
methods for disposing of liquid and solid
wastes from industrial and municipal
sources. These wastes contain a variety of
chemical and pathogenic agents that can
have serious health consequences. Contami-
nation from wastes is paralleled by the intro-
duction of chemicals such as pesticides and
nitrates into the environment. Disease out-
breaks, mainly of a sporadic and local na-
ture, have been caused by inadequate or even
a lack of water treatment and supply pro-
cesses (arising from breakdowns, shortages

6.1 Health Effects
of materials and ineffective operations) or a
lack of maintenance of distribution pipelines
in many countries of the WHO European
Region.

Hazards in drinking-water may be chemi-
cal, such as pesticides, nitrates and heavy
metals, or microbiological, for example bac-
teria, protozoa and viruses. Hazardous
chemicals may occur naturally or be intro-
duced accidentally or deliberately through
human activity. Natural hazards include
substances such as fluoride and arsenic de-
rived from natural mineral formations. In-
dustrial, agricultural and other activities
release chemicals through wastes, or as a re-
sult of the use of pesticides for specific pur-
poses.  Some water contaminants are disin-
fection chemicals or their by-products, for
example trihalomethanes and chlorophe-
nols. Whether these groups of substances or
agents constitute a risk to human health dep-
ends on conditions and routes of exposure.
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The characteristics of the waste dis-
charged and the behaviour and character-
istics of the contaminants in the environ-
ment will be important factors in determin-
ing concentration in the water and the dur-
ation and frequency of exposure. Relatively
little information is available on the quality
of drinking-water “from the tap”. Confound-
ing factors such as the pre-existing health of
exposed individuals, difficulties in dealing
with exposures to multiple hazards, and the
need to take account of background levels of
particular disease end-points often limit in-
terpretation of studies. In short, study of the
exposure of populations to hazards via drink-
ing-water and demonstration of any resultant
effects on health is difficult, for the same rea-
sons that all environmentally mediated low-
level exposure is difficult to investigate. The
factors influencing actual exposures and ef-
fects are many, and their interaction and the
ultimate impact of particular contaminants,
especially chemical contaminants, are diffi-
cult to establish. When exposures are suffi-
cient to cause acute health effects in a popu-
lation (as, for example, in an accident)
causal relationships are easier to demon-
strate.

The European Region has a wide variety
of natural geological conditions and agricul-
tural, urban and industrial activities that all
combine to influence water quality. Com-
bined with economic, social and political
factors and with the availability of water re-
sources, these elements determine access to
a supply of good quality drinking-water. The
differences in these important factors in dif-
ferent parts of the Region mean that substan-
tial differences exist in the quality of the
supplies and the associated status of environ-
mental health.

6.1.1 Guidelines and standards for
drinking-water

Epidemiological data on links between
chemical water quality and human health
are, on the whole, rather poor. These data,
together with animal toxicology studies and

estimates of human exposure, are used as the
basis for the setting of standards to protect
human health. This is a complicated process,
and the lack of knowledge on actual environ-
mental exposure and any related health ef-
fects means that wide safety margins are
commonly used in practice to reduce risk as
much as is possible.

In 1984 the World Health Organization
developed a system of guidelines for the
quality of drinking-water, with the aim of
protecting health, and has recently revised
these [1]. The guidelines are intended to pro-
vide the basis for national standards that will
ensure the safety of drinking-water supplies
by eliminating or reducing to a minimum
concentrations of substances known to be
hazardous to human health. It is not in-
tended that the guidelines be used automati-
cally as standards – it is important that stan-
dards be developed appropriately in the con-
text of national or local environmental, so-
cial, economic, dietary and cultural condi-
tions.

Microbial contamination of water supplies
by pathogens can have severe consequences,
but quantification of the associated risks is
difficult. The consequences of exposure to
microbial pathogens involves factors such as
degree of exposure, human immunity and
the pathogenicity of the microorganism. The
control of microbial disease is of extreme im-
portance and, although a reduction in micro-
bial contamination can be expected to re-
duce health risks, the difficulties in calculat-
ing risks precisely mean that the guidelines
are based on the premise that there is no tol-
erable lower limit of contamination for effec-
tive health protection.

Guideline values for concentrations of
chemicals in drinking-water aim at control-
ling risks from prolonged exposure to low le-
vels of chemicals, estimating “the concen-
tration of a constituent that does not result
in any significant risk to the health of the
consumer over a lifetime of consump-
tion”[1]. The calculation of risk takes ac-
count of accumulation and of exposure to
degradation and metabolic by-products of
certain chemicals. The guidelines are set on
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the assumption that exposure through drink-
ing-water may only be one route; the risk esti-
mation calculates the possible contributions
of water, food and other environmental
sources to total exposure.

The guidelines have the primary aim of
protecting health. The national standards de-
rived from the guidelines will take account of
the benefits and costs of control and expo-
sure at the national or local level. Thus
national standards will be based to some ex-
tent on national policy priorities, on local
health conditions, and on calculations of the
costs and benefits of health protection and
water quality management. For example, cer-
tain disinfectants and their by-products may
have potential adverse effects on health, but
the risks to health of microbial contami-
nation are likely to be far greater. Standards
and management strategies will be tailored
to minimizing the combined risks from expo-
sure through the consumption of drinking-
water.

The guidelines set by WHO are based on
usual human consumption and domestic use,
but do take account of vulnerable groups
within the population such as children and
elderly people. Different standards may be
needed for particular uses such as renal
dialysis. In addition, the guideline values will
not indicate the effects of contaminants on
aquatic life. The guidelines are set for mini-
mum quality compatible with the effective
protection of public health. Exceeding stan-
dards derived from the guidelines may be a
cause for remedial action and health surveil-
lance. However, short-term deviations in the
levels of particular chemicals may be accept-
able in view of local priorities and practical
considerations. The guideline values relate to
daily consumption over a lifetime, and do
not imply that occasional intakes in excess of
this value will be harmful to health.

National standards in Europe at present
are in general either based on the 1984
WHO guidelines, or drawn from the system
of guidelines and maximum admissible con-
centrations in the European Union (EU) di-
rective on drinking-water [2]. However,
drinking-water standards in the CCEE and

NIS are still based on those of the former
USSR [3,4].

6.1.2 Microbial contaminants

Gastrointestinal infections encompass a
wide variety of symptoms and recognized in-
fectious agents. Infectious diarrhoea is
among the most common debilitating infec-
tious disease and is the greatest single cause
of morbidity and mortality, especially in in-
fants and small children. A number of bacte-
ria are involved in both diarrhoeal and sys-
temic illnesses, such as Campylobacter spp.,
Salmonella spp., Escherichia coli, Shigella
spp. and Vibrio cholerae. Contamination of
well water with faecal material (human or
sometimes animal) is a particular source of
infection, although person-to-person trans-
mission is also important. Certain bacteria
of low pathogenicity may be found in water,
and may infect individuals with low immun-
ity such as some hospital patients. The
relative importance of various organisms for
health, in terms of outbreaks in Europe, is
discussed in the section on exposure to
microbial contamination (see page 184).

A number of viral diseases are transmitted
through drinking-water. Also, acute infec-
tious nonbacterial gastroenteritis may result
from infection by a group of what are now
termed Norwalk-like viral agents. Epidemics
from waterborne transmission via the fae-
cal–oral route has been noted for a number
of viruses in this and other groups.

Infection with the hepatitis A virus, via
the faecal–oral route in contaminated water
or food (especially shellfish) or through
physical contact, does not necessarily result
in overt illness but may sometimes be associ-
ated with acute hepatitis of varying severity,
and in the longer term with liver cancer.

Infection with the protozoan parasite
Cryptosporidium parvum can cause acute self-
limiting gastroenteritis. Transmission of the
oocysts via water has attracted attention re-
cently because of outbreaks in the United
Kingdom and the United States affecting a
number of people. The protozoans have a
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global distribution, with particular species
infecting numerous birds, reptiles and fish as
well as humans and other mammals. Inci-
dents of infection have been reported for
western Europe, but data on health impli-
cations for the CCEE and NIS are sparse.

Another microorganism, Giardia lamblia,
is a common intestinal parasite in humans,
and contaminated water supplies may cause
diarrhoea. It can be found in a wide range of
mammals and produces cysts that are diffi-
cult to inactivate during chlorination of
drinking-water.

Microbial contamination of surface water
by the groups of organisms mentioned above
is extremely widespread in Europe. Epi-
demics are relatively rare, but it is difficult to
assess the extent of low-level endemic gas-
troenteric disease in the east and south of
the Region. In general, disease outbreaks
occur as a result of poor source water
quality, inadequate treatment, treatment
breakdown or contamination by sewage dur-
ing distribution, all of which can result in
human exposure to faecal pathogens. Such
problems are more frequent in some parts of
the Region (see the section on exposure to
microbial contamination, page 184) but the
quality of analysis and reporting is variable.

The traditional approach to the measure-
ment of the microbial quality of drinking-
water has been to examine the water for indi-
cators of faecal contamination. The aim of
monitoring for these indicators is to ensure
that there are no pathogenic organisms in
the water, but there are some limitations to
the use of the traditional indicators. These
limitations centre on the different rates of
survival of bacteria, viruses and protozoa in
different environmental conditions and their
different responses to water treatment and
disinfection. In particular, general coliform
counts may be less reliable as indicators of
faecal pollution in untreated surface water,
especially in warmer climates. Under some
conditions, or in particular studies of out-
breaks, it may be necessary to examine the
water for specific pathogens or to look for in-
dicator viruses.

The guidelines, as stated above, work on

the assumption that there is no safe lower
limit to microbial contamination of drinking-
water; the standards usually demand what is
effectively zero contamination. The reasons
for the difficulty in establishing “safe” levels
of contamination are many, but in essence
some microbial contaminants have very dif-
ferent rates of persistence from the indicator
organisms and extremely low infective doses.
The organisms multiply rapidly in the
human body and the risk of acute effects on
health is very different from that associated
with low-level chemical contamination.

6.1.3 Chemical contaminants

Chemical substances in water originate from
a number of sources. They may occur nat-
urally, originate from water treatment or
supply technology, or be attributable to in-
dustrial or agricultural wastes or operational
chemical use. The reasons for controlling
some of these substances may be either that
they are health hazards or that they affect
the acceptability of the water to the con-
sumer, due to taste or smell.

It is rare that sudden, massive pollution
occurs without rapid remedial action; in
such cases the water is often undrinkable or
tastes very unpleasant [1]. The guideline
values for controlling risks from long-term
exposure indicate tolerable concentrations,
not target values; the latter should be as low
as practicable in order to minimize exposure.
The guidelines are based on scientific evi-
dence on routes of exposure, consumption of
water, dose–response relationships (taking
account of vulnerable groups), analytical
data for the frequency of occurrence of con-
tamination and magnitude of concentration,
and the potential application of available
control techniques [1]. For many sub-
stances, tolerable daily intakes (TDI) have
been calculated; the contribution of water to
total exposure from a number of sources is
important in setting the guideline for drink-
ing-water. The TDI represents daily intake
over a lifetime without appreciable health
risk. For genotoxic carcinogens, when no
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threshold for effect is assumed, the guide-
lines are set at the concentration in drinking-
water for which an excess lifetime risk of
10–5 is estimated, i.e. one additional case of
cancer per 100 000 population ingesting
drinking-water containing the substance at
the guideline value for 70 years [1].

There are obvious uncertainties attached
to the guidelines. Extrapolation from non-
human toxicological data for some sub-
stances, together with a lack of information
on overall exposure of humans to low levels
and any associated effects, mean that a con-
siderable safety margin is introduced be-
tween exposure at the guideline value and ex-
posure at which health effects may occur.
Where there is uncertainty but some evi-
dence for health effects a provisional guide-
line is given, as is also the case for sub-
stances where the guideline would be below
detection limits or below practical treatment
possibilities. For a large number of sub-
stances such as uranium, many pesticides
and certain disinfectant by-products, not
enough data are available to recommend
guidelines. Continual progress is made in the
study of health effects; on the basis of new
information the revised WHO drinking-
water guidelines cover a wider range of sub-
stances, and some of the guidelines for sub-
stances covered in 1984 have changed.

Some substances are regulated by national
standards on the basis of acceptability to the

consumer because of taste, smell or appear-
ance. The aesthetic qualities of water are im-
portant for public confidence in the overall
quality of water. Aluminium, for example,
does not have a WHO health-based guide-
line value; at normally occurring concen-
trations no health effects are observed. The
EU Maximum Admissible Concentration
(MAC) is 0.2 mg/l; intake at this level would
be very small compared with normal food in-
takes, reports of which vary between 3 and
160 mg/day [5]. The level of 0.2 mg/l is pri-
marily associated with aesthetic problems,
since at greater concentrations aluminium
hydroxide floc can form with consequent
consumer complaints. Excretion of alumin-
ium takes place primarily through the kid-
neys, with the result that people with im-
paired kidney function accumulate excess
aluminium. It is important that water used
for renal dialysis does not contain significant
concentrations of aluminium, since alumin-
ium accumulation in the brain can lead to se-
vere effects including impaired memory,
aphasia, dementia, ataxia and convulsions
[5].

There follows below a discussion of con-
cerns in relation to some important sub-
stances. Some recommended guideline
values, together with information on the con-
tribution of drinking-water to intakes, are
shown in Table 6.1. (See also Chapter 10.)

Arsenic is readily absorbed from water and

Table 6.1: Estimated percentage contribution to intake of some inorganic constituents from drinking-water at
WHO guideline concentrations
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widely distributed in various tissues. The
most important effects of consuming ar-
senic-contaminated drinking-water are the
development of skin tumours on the hands
and feet and peripheral vascular disturb-
ances that can lead to gangrene. Thickening
of the skin of the palms of the hands and
soles of the feet, together with increased pig-
mentation, is also characteristic [6]. These
effects contrast with an increased risk of
lung cancer in people who inhale arsenic at
work.

The seriousness of the risk associated with
arsenic concentrations in drinking-water has
recently been evaluated by Smith et al. [7].
Estimates of cancer risk attributable to in-
gested arsenic are currently based on skin
cancer risks alone. This more recent study
examines the possible risks from ingestion of
arsenic in drinking-water, based on mortality
from internal cancers. Excessive levels of ar-
senic have been reported in natural ground-
water in a number of the CCEE and NIS. In-
dustrial sources may also be important.

The average daily intake of cadmium in
Europe has been estimated to be 10–20 µg
[8]. The contribution from water is of minor
importance. Long-term ingestion of cad-
mium leads to accumulation in the kidney,
with possible damage and disturbance of cal-
cium metabolism – with associated osteopo-
rosis – when the critical level of 200 mg/kg
is reached in the kidney. There is no reliable
evidence for carcinogenicity in humans from
ingested cadmium. The guideline of 0.003
mg/l in drinking-water aims to restrict intake
so that long-term concentrations in the kid-
ney will not exceed 50 mg/kg.

Fluoride levels over 1.5 mg/l in drinking-
water give rise to dental fluorosis; over a 20-
year period or more skeletal fluorosis may
occur. The drinking-water concentrations at
which fluorosis is observed are different in
different regions, important factors being cli-
matic conditions, water intake and food in-
take. These conditions, although seen in
western Europe in earlier years, are now
mainly seen in certain republics of the
former USSR such as Kazakhstan. In parts
of Europe, fluoride is added to water artifi-

cially with the intention of reducing dental
decay.

Lead contamination of water arises prin-
cipally from reticulation through lead pipes,
especially in areas where the water is plum-
bosolvent, i.e. is “soft” with a pH below 8.
Guideline values for lead in drinking-water
aim at minimizing exposure of pregnant
women and young children, there being no
defined tolerable weekly intake values. The
aim of the current provisional WHO guide-
line, now lowered to 0.01 mg/l [1] is to re-
duce the risk of exceeding blood levels of 30
µg/dl from combined food and water intake.
The major health concern associated with
lead relates to learning disabilities and be-
havioural changes resulting from effects on
the developing central nervous system. How-
ever, there is increasing evidence that no
threshold value for blood lead level can be
assumed below which neuropsychological
development is not impaired. Exposure of
the fetus and young children should there-
fore be reduced to the minimum possible.

Mercury in drinking-water is primarily in-
organic and is poorly absorbed but, as for
other toxic substances, guidelines aim to
minimize total exposure from food and
water.

The possible link between health and the
hardness of drinking-water is an issue of con-
tinuing importance, but there is as yet no
agreement on whether there is a causal link
between drinking-water with a low total hard-
ness and increased incidence of heart dis-
ease. The difficulty in identifying the link
arises in part from problems in epidemiologi-
cal studies to do with controls and the aggre-
gation of data. Pocock et al. [9] describe a
two-phase study in the United Kingdom as
part of the British Regional Heart Study.
This study first examined the co-occurrence
of heart disease with various factors in 234
towns in the United Kingdom. A negative as-
sociation was found between total hardness
and cardiovascular disease in the towns,
allowing for climate and social and econ-
omic factors. The second phase studied 7735
middle-aged men and found a negative as-
sociation between ischaemic heart disease
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and alkalinity, calcium, lead, potassium and
silicate levels, and the total hardness of the
drinking-water, after taking account of per-
sonal risk factors such as tobacco smoking
and blood pressure. Despite this negative as-
sociation, however, the authors suggest that
personal risk factors were more significant
in determining heart disease. WHO [1] con-
siders that, although a number of epidemi-
ological studies show a statistically signifi-
cant inverse relationship between the hard-
ness of drinking-water and cardiovascular
disease, the available data are inadequate to
establish a causal relationship. No health-
based guideline for hardness of water has
therefore been proposed.

Nitrate in drinking-water, predominantly
arising from agricultural practices, may
cause methaemoglobinaemia in infants, in
which the oxygen-carrying capacity of the
blood is impaired. It may prove fatal in ex-
treme cases. This condition is now reported
only in some of the CCEE. It has been sug-
gested that increased levels of nitrate in
drinking-water could cause stomach cancer.
Despite the existence of a theoretical basis
for such an effect, most of the epidemiologi-
cal evidence does not support such an as-
sociation. WHO’s guideline is not based on
carcinogenic effects. Exposure through veg-
etables is more important than through
water where concentrations in drinking-
water are below 10 mg NO3/l. Water is the
more significant source, however, where con-
centrations exceed the guideline value of
50 mg NO3/l (based on prevention of me-
thaemoglobinaemia). (See also Box 6.1.)

A large amount of toxicological data exists
for pesticides and is primarily derived from
laboratory studies examining short- and
long-term exposure and toxic and carcino-
genic effects. Some data also exist for expo-
sure and effects in humans, including data
from occupational exposure or self-induced
poisonings. These data are the basis for the
WHO guidelines. Concentrations in drink-
ing-water are usually very low. Drinking-
water standards for individual pesticides
(such as atrazine) or total pesticides are
often exceeded, but no related health effects

have been reported. Indeed, guideline values
for drinking-water and exposures from this
source are many orders of magnitude lower
than exposures to the same compounds
through food.

Levels of trihalomethanes (such as chloro-
form and bromoform) in chlorinated drink-
ing-water, although low, may present a health
risk. Chloroform and bromoform are carci-
nogenic to laboratory animals at high doses,
while other trihalomethanes are mutagenic.
Nevertheless, the risks of not chlorinating
the water supply (to control microbial con-
tamination) far outweigh potential health
problems with chlorination. Epidemiological
studies offer conflicting evidence of links be-
tween chlorinated water supply and human
cancers. A recent meta-analysis concluded
that an increased incidence of bladder
cancer and rectal cancer can be seen in
populations drinking chlorinated surface
drinking-water for many years [14]. Never-
theless, a causal link has not been estab-
lished [15] and the interpretation of the data
is debated.

There is currently no basis for accurately
comparing drinking-water quality on a pan-
European scale. Data are not collected and
organized in comparable systems, and moni-
toring and management strategies are not
similar for the whole Region. In addition,
data on water-related diseases or effects of
chemical contamination, while available to
some extent, are certainly not in a form to
allow valid comparison.

Because of public concern over the quality
of drinking-water (often related to taste and
smell) at locations in a number of countries,
bottled water has assumed increasing im-
portance as drinking-water. The rise in the
sales of bottled water has, in some countries,
been quite spectacular. Natural mineral
water may be of various types, with “spring
water” one of the common descriptions. The
composition may vary considerably in terms
of, for example, mineral salts.

Regulations in some countries place natu-
ral mineral water within the food category
and thus differ from the EU directive. Conse-
quently fewer limits are set for natural min-
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Box 6.1: The nitrate problem in European drinking-water sources

The release of nitrate from soil into surface water and groundwater is a natural process.
However, it is greatly increased by agricultural activities, especially the application of ni-
trogenous fertilizers or organic manures in excess of crop requirements. Nitrate is re-
leased by leaching from the soil and/or through runoff, and the rate of release varies with
the type of crop and climatic conditions.

In Europe, rural populations are often the most at risk from exposure to nitrates in
drinking-water. This is because many such areas are intensively agricultural and receive
their water supply from shallow wells. Several of the CCEE (Bulgaria, the Czech Repub-
lic, Hungary, Poland and Slovakia) are particularly affected; in this region of Europe a
number of cases of methaemoglobinaemia have been reported.

The control of nitrate leaching is particularly difficult and is now recognized as a seri-
ous problem, because the speed at which nitrate reaches groundwater varies considerably
and present levels may reflect activity in the past, perhaps over several decades. Even
when agricultural restrictions on the use of fertilizers are imposed, no immediate improve-
ment in water quality results. Even in the shallow, relatively fast-responding aquifers typi-
cal of continental Europe, it may take up to ten years for water to percolate down to the
aquifer. Agricultural controls operating in Europe tend to be mainly aimed at ground-
water protection, since approximately 70% of drinking-water in Europe comes from that
source.

The seriousness with which the nitrate problem is now being considered in Europe has
prompted a number of control measures and changes in practice in several countries. In
order to conform to the European Union’s limit for nitrate in drinking-water of 50 mg/l,
many member states are now imposing their own agricultural restrictions either nationally
or regionally. These restrictions most commonly involve limiting the application of
manure to land to levels set by livestock density and crop requirements. National restric-
tions on the rate and timing of manure application are enforced in Denmark and the Ne-
therlands, while regional restrictions are enforced in Germany [10]. In these countries
also, water protection zones are designated to control land use around groundwater ab-
straction points and, hence, to reduce nitrate leaching to aquifers.

Zones of “hygienic protection” have been established in the Czech Republic to protect
both surface water and groundwater sources of drinking-water. Practical experience has
shown, however, that the measures taken for resource protection are insufficient and that
water quality has not improved. In a number of cases, such as the Zelivka reservoir where
the nitrate concentration is increasing by 2–4 mg/m3 per year, water quality continues to
deteriorate [11].

In the Czech Republic, the distribution of bottled mineral water, along with a well func-
tioning warning system in the central Bohemian region, has considerably reduced the inci-
dence of methaemoglobinaemia in infants. However, economic constraints in recent years
have led to the abandonment of such government action because of its high annual cost.
It is planned to re-establish the distribution of bottled water on a commercial basis, es-
pecially for babies and the sick.

During the period 1980–1988, the total use of nitrogenous fertilizers in the European
Community increased by 50% and available data suggest that, except in a few countries,
the use of fertilizers in Europe is still increasing. Although in most countries the rate of in-
crease slowed during the late 1980s due to the imposition of various control measures, in
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eral waters, and often there are no limits set
for nitrate, nitrite, pesticides, polynuclear
aromatic hydrocarbons (PAHs) or solvents.
Sources of mineral waters are usually not
regularly monitored, but are subject to peri-
odic checks.

In Europe, the quality and availability of
data on exposure that can link drinking-
water quality with health varies greatly be-
tween countries. In western Europe, the
quality and coverage of exposure data for a
variety of chemical and microbiological
agents range from “excellent” to “accept-
able”. In eastern Europe, data are generally
inadequate and health consequences often
cannot be evaluated. The quality of studies
on chronic disease epidemiology is inad-
equate in this area, as are the data on
numbers of people at risk at the local level
from contaminants in water. As a conse-
quence, the data are not reliable for policy-
making except in a few situations. The prior-
ity of drinking-water quality is becoming
greater as concern rises over contamination
by substances such as nitrates and pesticides,
as well as with pathogenic microorganisms.

6.2.1 Exposure to microbial con-
tamination

The type of data available makes it difficult
to assess the exposure of European popu-

6.2 Exposure

lations to microbial contamination. Much of
the information is either in the form of non-
compliance with standards or epidemics of
disease, some of which are attributed to par-
ticular organisms while others are not. It is
particularly difficult to assess the incidence
of low-level gastroenteric problems.

In western Europe, drinking-water is
usually safe in microbiological terms because
effective treatment processes have largely
eliminated outbreaks of infectious diseases.
Although infant mortality is 2.31 and 2.97
times higher, respectively, in the CCEE and
NIS compared with that in the European
members of the Organisation for Economic
Co-operation and Development (OECD),
the contribution of waterborne communi-
cable and diarrhoeal diseases to these figures
is unknown [16]. Differences in infant mor-
tality also occur locally and according to so-
cioeconomic conditions. (See Chapter 4.)

Lack of a safe water supply can be associ-
ated with the occurrence of cholera, typhoid
fever, hepatitis A, gastrointestinal diseases
and a number of parasitic diseases. Incidents
of these diseases linked with poor water
quality have been recorded in many coun-
tries of the Region, but especially in the
CCEE and NIS. The most common type of
local epidemic would appear to be gastroin-
testinal disease attributable to bacterial, viral
or protozoal agents, but hepatitis A is of par-
ticular concern in the NIS. The levels of gen-
eral low-level morbidity are impossible to as-
sess.

Diseases such as cholera are usually re-
stricted to isolated outbreaks. In many coun-
tries of the Region occasional cases of chol-
era are “imported”. In other countries in-

Box 6.1: The nitrate problem in European drinking-water sources

some (Greece, Ireland, Portugal and Spain) fertilizer use is increasing more rapidly [12].
The CCEE do not show a general increase in fertilizer use. Consumption in most of these
countries has recently fallen dramatically, mainly because of changing economic condi-
tions. In 1990 the average consumption of fertilizers (tonnes N/km2) was 7.1 in western
Europe and only 3.7 in the CCEE [13]. It is important that further environmental ini-
tiatives and control measures to reduce nitrate levels in European waters are developed.
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digenous cases are reported: in 1993, for
example, there were 165 indigenous cases in
Tajikistan, 10 in Romania and 5 in the Rus-
sian Federation (WHO, unpublished data,
1993).

Information is sometimes given on the
proportion of samples exceeding standards
or on the number of treatment works failing
to meet technical standards. In some cases it
might be possible to assess the consequent
exposure of the population to contaminants,
but this would only be at a very local level
where detailed information is available. Non-
compliance is a result of many factors, in-
cluding poor raw water quality, inadequate
treatment, contamination of treated water
and the monitoring strategy. Non-com-
pliance information rarely indicates by what
degree the standards have been exceeded, or
to how many people the water of substan-
dard quality was supplied and for how long.
It may, however, give a useful indication of
the effectiveness of treatment at treatment
works and is useful for management and pol-
icy purposes.

On average, 16% of samples of drinking-
water in the former USSR did not comply
with quality standards. This figure varied
widely between the former republics, from
7% in the Russian Federation to 48% in
Georgia.a A recent ten-year study showed
that only 21% of 245 rivers were acceptable
from the point of view of bacterial pollution.
Thirty-five percent of the water bodies exam-
ined exceeded bacterial standards by factors
of ten or a hundred. Those that were accept-
able tended to be the larger rivers and lakes
in the north.

In the Russian Federation, contaminated
drinking-water has given rise to infectious
diseases in St Petersburg, Volgograd and
Murmansk, while some 60% of the popu-
lation are believed to be exposed to unsafe
drinking-water [17]. The incidence of some
bacterial diseases such as typhoid is falling,
though salmonellosis is still a problem (16

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

outbreaks in 1990) and isolated outbreaks of
cholera occur. There are particular problems
with the suitability of bacteria as indicators
of viral pathogens. Viral diseases are increas-
ing and are now estimated to be responsible
for 70% of morbidity.a Large outbreaks of
acute enteric infections and hepatitis A re-
lated to the use of poor quality drinking-
water have been “continuously reported” in
the Russian Federation [18]. The use of con-
taminated water in food processing and milk
bottling plants is reported to have caused
diarrhoeal diseases in a number of countries
including Latvia. Sporadic hepatitis A out-
breaks have been recognized in Riga in Lat-
via following the drinking of contaminated
and improperly treated water from the Dau-
gava river. In one episode in 1988/1989, up
to 2000 cases were reported. Cases of water-
borne hepatitis A are also reported from Li-
thuania, but evidence of occurrence in Esto-
nia is poorly documented. It has been stated
that in Estonia the water supply systems in
many towns are obsolete and often break
down, with resulting deterioration in the
quality of the water [19].

Waterborne outbreaks of disease involving
Campylobacter and Salmonella spp. have
been described from Hungary, while in Po-
land outbreaks over several years have in-
volved Salmonella spp., Shigella spp. and E.
coli.a In Hungary, non-compliance of drink-
ing-water with standards, on the basis of fae-
cal indicators, is on average about 8%.

In the former Yugoslavia, outbreaks of
hepatitis A were recorded in 1987, 1989,
1990 and 1991 and involved around 7000
cases, in addition to other waterborne dis-
eases.a Hepatitis A outbreaks were also re-
ported from Romania in 1986, 1988 and
1989, as well as outbreaks of typhoid and
other, unidentified, waterborne diseases. Lo-
calized outbreaks of cholera have also been
reported (see above). Waterborne disease
incidents have also been reported in Bulga-
ria.

Large waterborne disease outbreaks have
occurred in Israel. In the period 1981–1985
there were 27 such outbreaks with 10 880
cases; just one outbreak was responsible for
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over 9000 cases. During 1986–1990, docu-
mented outbreaks of waterborne diseases in-
cluded four from community and nine from
non-community water sources. The inci-
dence of typhoid has dropped since the
1960s, but there was a large outbreak in the
Krayot communities in 1985. Shigellosis and
hepatitis incidence have probably levelled
off, but also peaked in the 1980s. Shigellosis,
which peaked in 1985, was also due to a
waterborne outbreak in the Haifa area (the
Krayot). The organisms involved in recent
outbreaks were predominantly Shigella spp.
(1376 cases), faecal coliforms (300 cases)
and Salmonella spp. (151 cases). Empirical
evidence suggests that mandatory chlorina-
tion in 1988 and more stringent water stan-
dards (such as the change in the definition of
substandard water from 10 to 3 coliforms/
100 ml) have had an important impact on
water quality, waterborne disease outbreaks
and the total burden of enteric disease in Is-
rael. The improvement in quality is suggested
by a lower incidence of non-compliance with
standards in drinking-water samples (8.4%
in 1989; 6.4% in 1991). It has been suggested
that the increased incidence of salmonellosis
in recent years is attributable in part to food
contamination.

In Finland, no waterborne epidemics
were reported between 1982 and 1988. In
1989–1990 six epidemics were recorded, in-
volving some 5000 people [20]. The cau-
sative agents were Campylobacter spp., Sal-
monella spp. or viruses. The Norwalk virus
was considered responsible for a small out-
break in eastern Finlanda arising from a con-
taminated wastewater basin. Other disease
outbreaks have been recorded in Finland
and, although the agents have not been
identified, viruses have been isolated from
sewage-contaminated water. In one viral epi-
demic, some 4400–5000 people contracted
diarrhoea.

In Norway, it is estimated that infections
from contaminated water cause several

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

hundred thousand days of diarrhoea each
year [21]. Outbreaks of Campylobacter infec-
tion have been reported, involving nearly
1000 people, as well as an outbreak of water-
borne hepatitis A in 1990 and one of Nor-
walk virus infection in 1992.a

In Sweden, waterborne outbreaks of Cam-
pylobacter, Giardia, E. coli and viral infection
have been described.a

As hepatitis A is not a reportable disease
in many countries, and as most primary in-
fections are subclinical, the number of cases
is probably greatly underreported. Some
studies in the United States show that 30–
50% of the adult population has serological
evidence of past infection. The infection rate
in Belgium and the former Yugoslavia has
been reported to be high.

A particular problem with drinking-water
supplies is found in Tallinn, where ground-
water resources are nearly exhausted. Conse-
quently, Tallinn relies mostly on surface
water from Lake Ulemiste where regular
blue–green algal blooms can produce unsat-
isfactory taste and odour, making the water
unacceptable for drinking. Toxins are also
produced, which may produce lethal effects
in some animals, but information about ef-
fects on human health is limited.

Blooms of blue–green algae are implicated
in poisoning incidents worldwide [22].
There are no confirmed reports of deaths in
humans attributable to toxins produced by
these algae although deaths of farm animals,
dogs, birds, amphibians and fish have been
reported, especially following ingestion of
algal blooms on the water surface [23].

Toxic blue–green algal blooms have been
reported from 16 European countries: the
former Czechoslovakia, Denmark, Finland,
France, the former German Democratic Re-
public, the Federal Republic of Germany,
Greece, Hungary, Italy, the Netherlands,
Norway, Poland, Portugal, the Russian Fed-
eration, Sweden and the United Kingdom.
The occurrence of these algal blooms is
much wider than could be inferred from sus-
pected poisoning incidents: up to 75% of all
the blue–green algal blooms tested have
been found to produce toxins [24]. Three
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categories of toxins are produced: neurotox-
ins, hepatotoxins and lipopolysaccharides.

Blue–green algae have been reported to
produce allergic reactions, skin and eye irri-
tation, respiratory problems and gastrointes-
tinal disturbances in swimmers in freshwater
lakes and reservoirs in a number of countries
[25,26]. With the increase in eutrophication
from fertilizers entering many lakes and res-
ervoirs, the incidence of health effects from
blue–green algae can be expected to in-
crease.

Infection by Cryptosporidium spp. has
been described, with a prevalence of 0.6–
20% in western countries [27]. In the United
Kingdom, a number of drinking-water-associ-
ated gastroenteritis outbreaks have been
documented around the country.a Where a
cause of gastroenteritis was identified,
Cryptosporidium spp. was responsible for 8%
of cases in England & Wales and 13% in
Scotland, accounting for a total of 9147 cases
in 1989. In the last six or seven years, a
series of outbreaks of Cryptosporidium infec-
tion in the United Kingdom (and in the
United States) has drawn attention to water-
borne transmission arising from inadequate
water treatment and ineffective filtration,
leaving oocytes present in drinking-water.
Where the cause of diarrhoea was estab-
lished, Cryptosporidium spp. was the fourth
most commonly identified cause after Cam-
pylobacter spp., Salmonella spp. and viruses
[28]. One waterborne outbreak of giardiasis
has been reported in the United Kingdom
[29]. Gastroenteritis outbreaks due to vi-
ruses have been described in the United
Kingdom in recent years, possibly as a result
of increased surveillance and awareness.
Since symptoms are mild, however, most
cases go unreported.

Such patterns of occasional outbreaks are
similar in other western European countries,
such as France, where individual outbreaks
of salmonellosis and shigellosis were rec-
orded in the late 1980s.

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

6.2.2 Exposure to chemical con-
tamination

Chemical contamination of drinking-water
provides a major route of exposure for a
number of potential environmental health ef-
fects, particularly in the CCEE and NIS. The
main concerns seem to be nitrate, arsenic,
fluoride and pesticides.

In six countries – Belarus, Bulgaria, Hun-
gary, Lithuania, Romania and Slovakia – lo-
cations are known where nitrate concen-
trations in drinking-water are high enough to
cause methaemoglobinaemia [16].

High nitrate concentrations in drinking-
water from shallow wells are caused princip-
ally by excessive fertilizer applications, large
feedlots and rural septic tank effluents. A
large part of the rural population is affected.
An association has been reported between
the incidence of digestive tract cancer and
high nitrate levels in drinking-water in Bor-
sod County, Hungary, although food may
also be involved [16].

In many of the Danube countries in par-
ticular, bank-filtered river water is an import-
ant source of drinking-water. In such situ-
ations the problem lies less with long-term
aquifer contamination by nitrates than with
levels of nitrates in surface water and soil.
The actual sources are not always identified.
In management terms and in assessing the
vulnerability of water resources to contami-
nation, it is sometimes useful to make the
distinction between surface water, shallow
unprotected groundwater (such as alluvial
aquifers) and groundwater protected by an
impermeable layer and with a relatively dis-
tant recharge zone.

Elevated nitrate levels would seem to be a
serious problem in most of the districts in
Romania [30]. Some 17% of samples from
over 2000 locations exceeded 100 mg/l, and
a further 19% exceeded 45 mg/l. This can be
compared with the WHO guideline for ni-
trates in drinking-water of 50 mg/l. Not sur-
prisingly, a number of deaths from methae-
moglobinaemia have been reported in babies
from seriously affected areas such as Dolj
and Mehedinti.
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In Bulgaria also, nitrate levels regularly ex-
ceed 100 mg/l. In Turgoviste, Stara Zagora
and Burgas, values may reach 200 mg/l. The
majority of the populations in these areas are
drinking water with nitrate levels above the
guideline values [31]. Methaemoglobinae-
mia has again been reported.

Somlyody [32] calculates that 80% of the
drinking-water in Hungary comes from
groundwater, and nitrate contamination can
therefore have serious implications. This fig-
ure for the use of groundwater differs con-
siderably from the 10% quoted after the
Water Decade [33]. This may result from dif-
ferent classifications of bank-filtered water,
which is classified sometimes as ground-
water and sometimes as surface water. In
view of the very high nitrate levels in ground-
water in some parts of Hungary, a “plastic
bag” water supply has been provided for
about 700 settlements with 300 000 inhabit-
ants [32]. Obviously, the options for control-
ling nitrate will be different for bank-filtered
sources and deeper aquifers.

In Slovakia, where nitrate values can ex-
ceed 200 mg/l, over 2000 cases of methae-
moglobinaemia with 12 deaths were re-
ported in the 1970s. Incidence decreased by
an order of magnitude in the 1980s following
recognition of the problem and the supply of
low-nitrate water to infants.

Around 57% and 43% of drinking-water in
the Czech Republic is derived from surface
water and groundwater, respectively [11].
Elevated nitrate concentrations have been
recorded in groundwater in a number of
areas. Values of up to 800 mg/l have been re-
ported in the quaternary basin of the river
Labe. Only 57% of the treated water from a
total of both sources complied with the
national standard for drinking-water. The
standard was exceeded for heavy metals at
123 localities (553 000 people exposed), for
cyanides at 10 localities (10 000 people), for
phenolics at 57 localities (230 000 people),
for oil substances at 169 localities (1 million
people) and for enhanced radioactivity at
100 localities (300 000 people).

In Poland, 84% of water consumption is
met from surface water and about 14% from

underground sources [34]. A large part of
the rural population is affected by nitrate
pollution.

In Denmark, more than 95% of drinking-
water is abstracted from groundwater. The
public supplies serve 95% of the population,
the remainder relying on individual wells or
boreholes. High nitrate concentrations have
forced some small waterworks to close. In
1980, the rate of pollution of potential
groundwater resources increased, particu-
larly around major cities due to the previous
use of oil, petrol (older equipment and de-
sign of petrol stations led to contamination
problems in a number of countries) and
chlorinated organic compounds. It may be
necessary to close down some municipal
water supply plants and to collect water from
other parts of the area [35].

In Finland, nitrates and pesticides do not
pose a serious problem to the public water
supply [20]. In Norway, drinking-water
quality is reported to be acceptable for the
majority of the population, which is served
by the larger waterworks [21].

High natural arsenic concentrations are
recorded in drinking-water in parts of Hun-
gary, including Bekes County (in the south-
east) and the nearby districts of Arad, Li-
pova and Ineu in Romania. Arsenic concen-
trations reach 100 µg/l or more in water in
both countries [16,36]. Some 100 000
people are potentially at risk in Romania,
while a report by the Hungarian Academy of
Sciences indicates that in Hungary nearly
half a million people are exposed to drink-
ing-water containing arsenic at levels above
the guideline concentration of 10 µg/l.

Arsenic concentrations in the drinking-
water of the Great Hungarian Plain are mod-
erately well correlated with concentrations
of arsenic in hair [37]. The highest accumu-
lation was found in children, drawing atten-
tion to the high level of risk in the young
population.

Epidemiological studies carried out on
some 25 000 people living in south-east Hun-
gary, with access to deep-well water contami-
nated with arsenic throughout their lives, re-
vealed many cases of skin thickening and in-
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creased pigmentation in both children and
adults [38]. An increased incidence of pe-
ripheral vascular disorders was not found
[38]. A supply of “plastic-bagged” water in
Bekes County has been the main public
health response. Alternative drinking-water
sources low in arsenic are often difficult to
locate at the local level because groundwater
in Hungary accounts for 90% of the drink-
ing-water. Similar epidemiological studies
have not been carried out in Romania, but
“high rates” of skin cancer have been re-
ported [16].

Further epidemiological research is
required in Hungary and Romania to con-
firm these results and to seek to establish a
sound dose–response relationship. The total
exposure of these populations to arsenic, as
a result of intake from water, food and air, re-
mains to be determined. Such research
seems warranted, as arsenic-rich ground-
water from deeper aquifers has been re-
ported to be used in Hungary for irrigating
local crops.

High concentrations of arsenic – up to 50
times the guideline values – have also been
described in surface water and well-water
near a copper smelter at Srednogorie in Bul-
garia, and in water from the Topolnitsa river
downstream from Srednogorie [39]. Expo-
sure to arsenic can also occur via irrigated
crops (especially rice) in the area.

High fluoride concentrations (up to 6.3
mg/l) occur in groundwater in central, east-
ern and western Estonia and the incidence
of dental fluorosis in children is high. How-
ever, insufficient fluoride (<0.5 mg/l) can be
recorded in some surface waters. Elevated
fluoride levels have been recorded in some
well waters in Finland. Elevated fluoride le-
vels in drinking-water, particularly well
water, and associated dental and/or skeletal
fluorosis have been described from locations
in Bulgaria, Hungary, northern Kazakhstan
(Pavlodar Kokchetau and Karaganda prov-
inces), the Republic of Moldova, Spain, Tur-
key (at Dogu-be-Yazit), Ukraine (Bucak) and
also in eastern Siberia (Argun region) where
concentrations can exceed 10 mg/l [40]. In
the early 1990s, dental fluorosis was also rec-

ognized at locations across Europe, includ-
ing sites in France, Germany, Italy, the
United Kingdom and the former Yugoslavia,
especially where the groundwater had elev-
ated levels of fluoride. In areas of the United
Kingdom where fluoride levels are low, flu-
oride is added to drinking-water to raise con-
centrations as high as 1.1 mg/l in order to re-
duce dental caries in children [41]. This pol-
icy is followed in various parts of Europe,
the relative percentages of the population ex-
posed to some degree of artificially elevated
fluoride being, for example: Czechoslovakia
20, Finland 1.5, Ireland 50, Poland 4, Swit-
zerland 4 and the United Kingdom 10.

High concentrations of pesticides and
other inorganic and organic contaminants
have been recorded in drinking-water at vari-
ous locations in Europe, although their sig-
nificance in terms of health effects is mostly
unknown. In the Russian Federation, nearly
half of the 60 million cubic metres of drink-
ing-water piped daily to the population does
not meet the national hygiene standards.
Around 24% of drinking-water samples
failed to meet the state standards for chemi-
cal contaminants [18]. An additional prob-
lem reported is that of disinfection chemi-
cals and their by-products increasing expo-
sure to halogenated organic compounds, par-
ticularly in Moscow and other large cities.

Elevated concentrations of chlorinated
pesticides have been recorded in the Danube
and some of its tributaries; during 1979–
1982 in Yugoslavia, 93% of samples con-
tained raised levels of lindane and 40%
raised levels of aldrin, dieldrin and DDT.
The levels did not, however, exceed WHO
guidelines [42].

Pesticides and organic chemicals are the
focus of concerted control efforts in western
Europe. In 1990–1991 in France, 0.7% of
the population (224 277 people) received
drinking-water containing more than the
WHO guideline value for atrazine of 2 µg/l,
and there were a number of situations with
increased exposure to trichloroethene and
tetrachloroethene. There have been recent
improvements in the quality of water sup-
plied, but there are still three million people
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in Italy who have drinking-water with trichlo-
roethene and tetrachloroethene at levels up
to 50 µg/l, and an unknown number are sup-
plied with water containing up to 30 µg/l.
WHO [1] quotes a provisional guideline
value for trichloroethene of up to 70 µg/l.
Failure of drinking-water samples to meet
EU pesticide standards is increasing, for
example in Germany and the United King-
dom [23,43]. This may be attributable to
more frequent monitoring for selected pesti-
cides.

A recent epidemiological study in Finland
on long-term exposure to chlorophenols
identified an excess of soft tissue sarcomas
and non-Hodgkin lymphomas in a popu-
lation of 2000 [44]. A sawmill had used
chlorophenols over a long period for wood
preservation, and the population was ex-
posed through drinking water and eating
fish.

Despite a high level of compliance with
standards in the United Kingdom (98.7% of
samples in 1991) there are continuing prob-
lems in particular areas for nitrate, PAHs
and lead that have resulted in more focused
monitoring.

Elevated concentrations of metals have
been found in drinking-water samples from
areas in the Czech Republic, affecting
553 000 people [11].

High concentrations of lead in drinking-
water have been reported but, with the ex-
ception of infants, this route may be less im-
portant than other exposure routes such as
air and food. Detailed studies have been car-
ried out only in a few countries, but evidence
of neurobehavioural deficits among exposed
children is reported to have been obtained in
several of the CCEE.

The difficulties of establishing the effects
of exposure to particular chemicals are well
illustrated by the Lowermoor incident in
1988 in Cornwall, United Kingdom. Twenty
tonnes of aluminium sulfate were acciden-
tally released into the supply system, leading
to aluminium concentrations typically of 10–
50 mg/l and up to 620 mg/l for about three
days, far above the EU MAC of 0.2 mg/l
[45]. Short-term gastrointestinal problems

were reported, but after a few days of flush-
ing the concentration fell below 0.2 mg/l.
However, there continued to be complaints
of effects (such as joint and muscle pain, fa-
tigue, skin problems and memory loss) for a
prolonged period.

The Lowermoor Incident Health Advisory
Group [45,46] reviewed the likelihood of
long-term effects. There were considerable
difficulties in determining whether the
longer-term effects reported by sufferers
after acute exposure were attributable to the
aluminium. Measurements of serum and
bone aluminium and reviews of aluminium
toxicity suggested that symptoms apparent
after six months, such as joint and muscle
pain or skin problems, could not be linked to
aluminium exposure. For other problems
such as memory loss or birth defects, alu-
minium could neither be implicated nor dis-
missed. The group suggested that a substan-
tial proportion of real health problems might
have arisen from anxiety associated with the
incident, but that nevertheless routine obser-
vation for longer-term effects should be im-
plemented [45].

The Lowermoor incident demonstrates
the difficulty of separating health effects
arising from drinking-water contamination
from general or parallel health problems.
Despite the body of toxicological evidence, it
was not known what symptoms (other than
acute toxic effects) could either be predicted
or ruled out as a result of environmental ex-
posure to aluminium.

The effects of combined exposure to a
number of chemicals are rarely established,
but a pilot study reported from Permsko-
Krasnokam in Russiaa demonstrated a corre-
lation between water quality in the river
Kama (which has high levels of oxides and
amino compounds, hydrocarbons, zinc,
copper, iron and synthetic compounds) and
human health. The effects reported included
gastritis, duodenal ulcers, chronic nephritis,
liver disease, gall bladder and pancreas prob-
lems, stillbirths and premature births.

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.
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In general, there are substantial difficul-
ties in identifying actual exposures and con-
sequent health effects. For example, con-
tamination of water is reported as non-com-
pliance with standards, but it may not be
clear whether the contaminated water was
actually supplied, to how many people and
for what length of time, or in which other
way the contamination related to actual ex-
posure. The other evident difficulty is that,
in some areas, monitoring may not be ad-
equate to identify contamination, such as
that by pesticides. There is little possibility at
present of assessing the total exposure of
populations on a European scale (see also
Chapter 10).

6.2.3 Water supply coverage
and shortages

The years from 1981 to 1990 were the focus
of international activity on water supply and
sanitation – the International Drinking
Water Supply and Sanitation Decade. The
target of the Decade in Europe was that “by
1990, all people of the Region should have
adequate supplies of safe drinking-water, and
by the year 1995 pollution of rivers, lakes
and seas should no longer pose a threat to
human health” [33]. This objective engen-
dered a programme supporting national ac-
tivities to set quality criteria, to improve
source protection, networks, technical abil-
ities and management, and to develop
human resources and stimulate research.

Fig. 6.1 shows the percentage coverage of
the rural populations of the WHO European
Member States at the end of the 1980s in
terms of piped supplies, public standpipes
and inadequate supplies. Fig. 6.2 gives the
same information for urban populations.

Some urban slum areas still have poor
coverage but these are not typical. However,
many rural communities in certain areas are
poorly covered, although it is envisaged that
the whole rural population should have
“easy access” to a proper water supply sys-
tem by the turn of the century [33]. Recent

data regarding coverage in some of the
CCEE and NIS are given in Table 6.2.

The withdrawal of water for all uses con-
tributes to water shortages in particular
areas. Table 6.3 indicates the situation for
certain countries in the late 1980s. Agricul-
tural use of water for irrigation predominates
in some southern European countries,
whereas in industrialized countries energy
and industry consume about 50% of the
water supply.

The data do not give great insight into pat-
terns of shortage over Europe because there
is substantial variation in availability in cer-
tain countries. Particular areas or countries
around the Mediterranean are vulnerable to
shortages, particularly when summer popu-
lations are substantially increased by holi-
day-makers. This is true of the Greek Is-
lands, parts of southern Italy and Sicily,
Malta, the Balearic Islands, the Canary Is-
lands and parts of eastern and southern
Spain. In peninsular Spain, in particular, ex-
cessive exploitation of aquifers has led to sa-
line intrusion in coastal areas.

Sustainable consumption of water means
restricting its use to renewable sources and
limiting the rate of withdrawal to the rate of
replenishment by the natural water cycle.
Most countries of the Region for which data
are available meet these requirements, and
have adequate resources to meet demands in
the foreseeable future. In 1990, however,
water withdrawal in Israel was 110% of the
renewable supply and only 461m3 of water
per person was available from renewable
sources. Israel is considered to suffer from a
scarcity of water [48]. Similar data were not
available for the arid central Asian parts of
the Region, but water shortages are known
to occur.

Water shortages have health implications
for various reasons. A water shortage will
mean greater pressure to use poorer quality
water, with a consequent risk of higher levels
of pollution. Unless action is taken to con-
trol demand, the demands of users for ab-
straction and effluent disposal may remain
the same as in periods of plentiful supply.
Flow will be reduced and the capacity of
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Fig. 6.1: Rural water supply coverage in the WHO European Region, late 1980s

Table 6.2: Water supply coverage in some of the CCEE and NIS
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Fig. 6.2: Urban water supply coverage in the WHO European Region, late 1980s

Table 6.3: Annual water use in some European countries, late 1980s
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rivers to dilute wastes will fall, with the result
that biological oxygen demand and concen-
trations of chemical substances will rise. The
river will thus be less suitable as a source of
water for domestic supply and other uses un-
less treatment can cope with these higher
concentrations. Reduced flow in the water
supply system may induce contamination in
the network. Reduced water quality will have
obvious risks for human health and reduced
quantity can mean poorer standards of hy-
giene.

Another important issue in the supply and
quality control of drinking-water is the
source, i.e. groundwater or surface water.
The quality issues may be different and are
discussed below. The extent to which differ-
ent countries rely on the two sources are
shown in Fig. 6.3.

Environmental health problems are related
not only to particular routes of exposure but
also to management and cultural practices,
local physical or hydrological conditions,
technical capabilities and the pre-existing
health status of a population. The causes of
exposure to waterborne hazards should be
considered in parallel with these factors and
related closely to wastewater and to surface
water and groundwater pollution (see
Chapter 7).

6.3 Causes of Exposure to
Waterborne Hazards

Fig. 6.3: The contribution of groundwater and surface water to drinking-water in countries of the WHO Euro-
pean Region, late 1980s
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6.3.1 Inadequate raw water quality
and quantity

Raw water of poor quality is at the root of
many of the water-related health problems
and potential health problems in Europe
today, but it is not known to what extent the
overall health status of European popu-
lations is related to the complex of factors
that make up water quality. However, the aim
of using guidelines and standards for raw
water and treated water is to minimize risks
to health. The implications for health and ef-
fects of poor quality raw water cannot be
considered in isolation from the treatment
methods and management strategies avail-
able. Treatment methods can to a great ex-
tent remove contaminants, but consider-
ations of cost, availability and practicality
will determine whether such methods are ac-
tually used.

The standards derived from the guidelines
described above determine whether drink-
ing-water complies with criteria for reducing
the risks associated with the consumption of
water containing particular contaminants.
Statistics on non-compliance based on raw
water monitoring, or during treatment, may
need to be supplemented by information on
non-compliance at the consumer’s tap in
order to assess potential health effects.
Whether the supply manager prevents water
that does not comply with standards from
being supplied to the consumer will depend
on several factors. If alternative sources of
drinking-water that do meet standards are
available, these may well be used. But in
areas with limited sources of raw water with
similar quality problems, there may be no
option but to supply the substandard water
in order to avoid more serious health prob-
lems. Technical remedies may be available to
ensure proper treatment and, if so, exposure
to substandard drinking-water may be li-
mited. In some areas, however, this may not
be possible for financial reasons, and longer-
term exposure may be inevitable.

Within Europe, there are restrictions on
the quality of raw water that can be ab-

stracted and used as drinking-water. An EU
directive sets standards for the quality of sur-
face water for abstraction as drinking-water,
giving three sets of parallel criteria for vari-
ous contaminants depending on the degree
of treatment and disinfection [49].

Germany has specific problems with
groundwater quality, a serious issue con-
sidering the importance of groundwater for
the drinking-water supply in that country. A
recent two-year study found that 20 out of
206 areas surveyed had more than the EU
MAC of 0.1 µg/l for pesticides in ground-
water, and that seven out of the 35 pesticides
measured were at levels of 0.1–0.5 µg/l [43].
Italy, particularly in the north, experiences
groundwater contamination by industrial sol-
vents, nitrate fertilizers, herbicides and pesti-
cides. Other examples have been described
earlier in this chapter.

In Bulgaria, the largest polluter of surface
water is the chemical industry, followed by
ore extraction, metallurgy, the food industry,
and the cellulose and pulp industries [39].
Sofia is one of the biggest polluters in the
country: some 70–75% of the overall pollu-
tion load on the river Iskur and its tribu-
taries comes from Sofia’s sewage system.

In the former Czechoslovakia in the last
decade, the main cause of water pollution
(50%) was agriculture (manure, fertilizers
and pesticides) followed by industry and
human settlements [50]. Many human settle-
ments have no water treatment plants; even
Prague and Bratislava do not have sufficient
water treatment capacity. There is a con-
siderable increase in contamination of
groundwater by nitrates, pesticides, fertilizer
residues and other substances, including
chlorinated hydrocarbons. During the last
30 years, average nitrate levels in ground-
water have increased fourfold from 30 to
120 mg/l.

In Hungary, the largest polluter of surface
water is industry [32]. Pollutant loads con-
tain organic substances, heavy metals and
oils. Discharge of liquid manure is also a
problem, around 20% being discharged into
water bodies. About 85% of the water supply
for Budapest comes from bank-filtered water
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resources along the Danube. The wastewater
from Budapest, only 21% of which is treated
biologically, has an unfavourable impact on
these resources.

The chemical, petrochemical, dye, pulp
and paper industries and coke-burning
plants are among the significant polluters in
Romania. Areas of polluted groundwater
and the polluting industries have been de-
tailed by Ognean & Vadineanu [51].

6.3.2 Inadequate treatment and
distribution

If water is contaminated, it requires treat-
ment before being supplied as drinking-water
if it is to meet the required standards. Limi-
tations on the use of contaminated raw water
may be overcome by treatment as mentioned
above, but there remain a number of prob-
lems. First, there may be no alternative but
knowingly to supply substandard water if ad-
equate treatment is not possible and there
are no other sources. Also, monitoring strat-
egies may not be appropriate to detect con-
tamination, and technical inadequacies may
mean that treatment is not as effective as it is
intended to be. Accidents or short-term con-
tamination affecting raw or treated water
may be particularly difficult to manage un-
less adequate monitoring is available and
provision for alternative supplies is made.

Short-term inadequacies in treatment
occur across the Region. These normally re-
sult from technical problems in treatment
works, and some of the sporadic outbreaks
of disease or exposure to contaminants rec-
orded in western Europe stem from techni-
cal or human failures such as breakdowns in
disinfection procedures [52]. Other out-
breaks of disease may result from problems
that are difficult to treat and can only be
avoided by using alternative sources; Crypto-
sporidium infection is a good example of this.

It is estimated that 13% of treatment
plants in the Russian Federation lack the
necessary equipment to treat drinking-water
to meet the required standards, particularly

for disinfection and the removal of viral pa-
thogens.

Difficulties in distribution are commonly
associated with aging distribution networks
that allow cross-contamination from sewer-
age systems or from agricultural or industrial
contaminants or wastes. Such problems are
widespread in the Region and are respon-
sible for a number of short-term outbreaks of
disease in western Europe. These problems
become more serious when combined with
inadequate treatment. The Russian Feder-
ation, other countries of the former USSR
and some of the CCEE suffer from chronic
contamination of deteriorating distribution
systems combined with poor raw water
quality and treatment difficulties.

Many countries in the Region have prob-
lems in rural areas. Here networks are small
or consumers depend on private wells, and
treatment of drinking-water is minimal or
nonexistent. This makes supplies vulnerable
to possible contamination, and inefficiencies
of scale mean that remedial treatment or
provision of alternative sources is expensive
or impractical. In the east of the Region
small communities rely on a number of
wells, which makes treatment and proper
control of contamination difficult.

6.4.1 Demands for surface water
and groundwater

Water shortage is a problem that is growing
in certain areas of Europe. Reasons for this
include local population changes (such as in
areas where holiday resorts are developed)
and increasing use per head of population.
Use for irrigation is also expanding in parts
of the Region. Several countries rely on
groundwater for a substantial proportion of
their drinking-water supply, but for many
areas the details of yield and recharge are
only partially known, making planning for

6.4 Trends
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sustainable use difficult. There is no absolute
shortage of water in the Region as a whole
but there are severe local difficulties, as men-
tioned above.

It is not possible to separate the issues of
quality, quantity, technical capability and in-
frastructure. Quality problems limit the
quantity of water available that meets stan-
dards. This is a particular problem in the
east of the Region, where there is substantial
contamination.

Supply networks expanded during the
Water Decade, leaving isolated urban areas
with inadequate supplies but larger rural
areas still failing to meet basic requirements.
It is anticipated that within the next ten
years all rural areas will have an adequate
supply [33]. However, this target is not likely
to be met in full.

There are continuing problems with water
loss in supply systems and cross-contami-
nation from sewerage systems. In many
cities, the supply system is aging and there is
a constant need to upgrade or repair a de-
teriorating infrastructure. In the CCEE and
NIS, the supply systems are not being main-
tained as rapidly as they deteriorate, and it
will be important over the next decade to en-
sure that such repair and maintenance is ad-
equately financed.

Issues of small-scale supply will continue
to be important, particularly with regard to
shallow wells and bank-filtered wells, which
are vulnerable to shifts in the water table and
to contamination.

Integrated planning of water resources is
becoming increasingly urgent for many coun-
tries, along with integrated pollution control
and remedial action. There are possibilities
for increased efficiency in water use (such as
the adoption of drip-irrigation techniques)
and for water conservation and recycling.
There are proposals in some countries to
move large volumes of water from wetter
areas to dry populated areas, but such ini-
tiatives require capital investment and may
have important environmental conse-
quences.

6.4.2 Quality

Quality standards for water with respect to
human health are universally applied in the
European Region. Most countries use either
EU regulations [2] or WHO guidelines [1]
as the basis for national standards, but there
are obvious difficulties in meeting require-
ments in many areas.

In western Europe, the primary difficul-
ties in compliance appear to be related to or-
ganic chemicals such as pesticides, PAHs,
disinfection by-products and some industrial
solvents. There are also continuing difficul-
ties with nitrate. The CCEE and NIS experi-
ence many of the same problems but gen-
erally to a greater degree, and with the addi-
tional problem of contamination with patho-
genic organisms. A real difficulty, particu-
larly in the east, is in monitoring; labora-
tories at local level are not always equipped
to monitor for many chemicals or viruses,
and even if the contaminants could be de-
tected, treatment and management options
are frequently limited.

It is unlikely that the situation with regard
to raw water quality will improve rapidly.
Pesticides are difficult to control in a
number of areas, and there is an urgent need
to focus monitoring efforts on real health
risks rather than just to meet legislative
requirements. Treatment technologies are
improving, but their wider application is li-
mited by cost.

Efforts to improve drinking-water quality
will be practical and successful only if set in
a wider strategy of pollution control. This is
already in place in western Europe, where
much effort is put into regulating hazardous
substances and waste. Such strategies help to
minimize human exposure to hazards from
all environmental media. There is little bene-
fit in expending huge resources in control-
ling water pollution alone if food contami-
nation is potentially a more serious health
problem.
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6.4.3 Sources of pollution

Pollution prevention and control and re-
medial action are the two greatest challenges
facing environmental management in Eu-
rope. The next decade will probably bring in-
dustrial change and expansion in the south-
ern and eastern countries of the Region,
combined with the need to deal with the
waste legacies of previous policies. Source
protection will be critical in this respect: pro-
tection of relatively unpolluted water is es-
sential, and polluted water will need to be
subject to remedial programmes. Again,
these can be successful only in the wider
context of pollution control in the whole en-
vironment.

Industrial and agricultural change will
mean that the distribution of factors in-
fluencing quality and monitoring needs will
change across the Region. In many places,
industrial expansion or change has not been
matched by monitoring or pollution control
capabilities. National codes of practice for
different activities are required, and regu-
lation and adherence to codes of practice
will require adequate enforcement or incen-
tive.

Waterborne infectious disease is likely to
be a continuing issue. The improvement and
expansion of sanitation and greater effective-
ness in the treatment of drinking-water are
part of the solution but must be accompa-
nied, particularly in rural areas, by better in-
frastructure and public education. An in-
crease in coverage would seem a real possi-
bility, but is difficult to evaluate in view of re-
cent socioeconomic changes in parts of the
Region. Viral disease will continue to be im-
portant. Bacterial indicators are not always
adequate, and some areas are affected by a
continued high prevalence of disease with
consequent morbidity. Treatment and man-
agement strategies are unlikely to be able to
remedy this situation in the CCEE and NIS
in the immediate future.

6.4.4 Technical and infrastructure
needs

The skills and techniques needed to provide
good quality drinking-water are available in
parts of Europe, particularly in the west, and
are always developing in response to new
problems. There is a continuing commit-
ment to transferring technology and skills to
other parts of the Region where there are en-
vironmental health difficulties. It is not
enough, however, to provide only equipment
and training; these practical aspects must be
placed in a wider context of management
and policy development. This is taking place
slowly, but it is at present impossible to as-
sess when and how it will be reflected in en-
vironmental health improvements on a sub-
stantial scale.

Human resource needs can be met
through training, but adequate financial re-
sources are necessary both to maintain new
systems and to train staff. The need to ad-
dress specific local requirements is clear, but
local conditions are so varied that adequate
planning will take many years.

Laboratory facilities are a frequently cited
problem. Effective monitoring is not poss-
ible in some areas because of lack of equip-
ment or consumables, and such needs will
not easily be met at the local level because of
financial constraints. A future strategy of
some importance will be the provision of
low-cost techniques that can lead to a real
improvement in standards. Economic im-
provement will ease the development of ad-
equate infrastructures, but management and
policy developments are at least as import-
ant and may be achieved with minimal finan-
cial support.

There is a particular need for the monitor-
ing of bacterial indicators, to be supple-
mented by more effective monitoring for
viral disease. Viral diseases are a particularly
serious threat to human health, and effective
provision for identification and control is es-
sential.

The provision and management of data
across the Region are relatively good, but the
quality of the data is extremely uneven. Data
are generally held at a local level, and there
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are not always national evaluation schemes.
In addition, since many countries use differ-
ent standards and monitoring procedures,
data on compliance with standards cannot
be compared from one country to another. A
centralized European drinking-water quality
database would be necessary in order prop-
erly to evaluate drinking-water quality from
one European country or region to another.
Apart from this purpose, such a database
could also be used as an important manage-
ment tool for setting priorities for improve-
ments on a European scale.

Quality control and quality assurance will
be of the utmost importance in parallel with
the development of suitable laboratories,
standard monitoring methodology and good
laboratory practice. International standards
for laboratory certification and accreditation
must be used if a realistic picture of drinking-
water quality in Europe within the next dec-
ade is to be obtained.

6.4.5 Management and control

There are a number of drinking-water prob-
lems that can be addressed within the sector
itself. Management of supply, treatment effi-
ciency, network development, monitoring
and small-scale action are all important fac-
tors that can be strengthened through spe-
cific management restructuring and finan-
cial investment.

Sustainable improvements in the protec-
tion of human health will not be made unless
drinking-water is seen as an essential el-
ement of an integrated water resources and
quality management policy, which in turn
falls within the wider environmental policy.
Policies on drinking-water must take account
of the wider issues of pollution control,
water resources management and social
planning. These elements are well integrated
in some areas of western Europe, but there is
much progress to be made in eastern Eu-
rope. Even if suitable management is in
place, existing problems with industrial prac-
tice and wastes will make rapid improve-
ments unlikely.

Land-use planning, particularly agricul-
tural planning, is urgently needed in order to
identify and protect areas vulnerable to pol-
lution. Groundwater protection is of the ut-
most importance. Many deeper aquifers are
only slightly or locally contaminated, and ef-
fective protection and remedial policies
should be established where these are not al-
ready in place. Deterioration is of particular
concern where the residence time is long
and the recharge rate slow. Shallow aquifers
and areas where bank filtration is used also
require adequate protection and land-use
control but, because of the close links, this
must be done in parallel with the quality con-
trol of surface water and the introduction of
early warning systems (see Chapter 7).

Enforcement strategies are developing, but
their use across Europe is uneven. Particular
attention over the next decade must be given
to economic tools for pollution control and
cost recovery for drinking-water supply. This
may be very difficult to implement; the costs
of past pollution are high and it is unlikely
that real progress will be made except with
the aid of a wider economic policy and bilat-
eral support.

The importance of information in manage-
ment and policy formulation cannot be over-
estimated. Many countries have relatively
primitive means of information dissemi-
nation, not necessarily to policy-makers but
often to the general public. A basic level of
information on resources, quality and projec-
tions is essential for effective action. Public
awareness, education and community man-
agement will be increasingly important in
justifying the cost of environmental health
controls. Research is a necessary comple-
ment to the provision of information, and
monitoring of the effectiveness of technol-
ogies and management should be carried out
in the context of local needs and conditions.

Water is an essential factor in the mainten-
ance of human health; poor availability and

6.5 Conclusions
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quality can have severe effects on the health
of populations. In Europe there are wide dif-
ferences in availability per head from renew-
able sources and in quality, which will
require action during the next decade. There
are a number of areas in Europe where water
shortages occur and others where such prob-
lems are developing. At present, water re-
source management can ensure that health is
not affected by shortages but continued ex-
ploitation will further increase pressure on
resources, particularly in some Mediterra-
nean coastal areas. Increasing consumption
and inadequate pollution control will restrict
the overall options for use and have import-
ant implications for health. Coverage by
water supplies has improved in the past dec-
ade, but there is substantial progress still to
be made in rural areas; projections made in
1990 at the end of the Water Decade sug-
gested that adequate coverage could be
achieved by the year 2000. However, this tar-
get is unlikely to be met in full.

The suggestion for OECD countries that
there is now “virtual elimination of signifi-
cant pathogenic microbial contamination of
drinking-water supplies” [12] is not appli-
cable to the situation in Europe as a whole.
The available evidence suggests that out-
breaks of disease due to contamination from
sewage systems or breakdowns in disinfec-
tion occur occasionally across Europe. Such
events often involve large numbers of people
and are relatively well reported. The possibil-
ity of low levels of chronic disease and con-
sequent morbidity is difficult to assess. The
difficulties of treatment in small rural
supplies and in areas of the CCEE and NIS,
together with a certain amount of reporting,
would suggest that this may be a widespread
but underreported problem. Outbreaks of
viral and protozoan diseases are also import-
ant in the Region, and difficulties in treat-
ment, monitoring and pathogen identifica-
tion are unlikely to be resolved rapidly.

Chemical pollution by wastes and indus-
trial and agricultural chemicals is an ever-
present issue. The problem of assessing ac-
ceptable levels of risk to health from long-
term exposure has meant that there is a con-

stant requirement to revise guidelines and
standards in the light of new knowledge. For
many substances, there are poor epidemi-
ological data on health effects resulting from
exposure through environmental pathways.
Risk assessments and guideline values are
based on sound scientific evidence but allow
for degrees of uncertainty in order to protect
health; very little is known about long-term
exposure or about the effects on human
health of exposure to mixtures of substances
in drinking-water. Management of water pol-
lution must be fitted into wider strategies of
integrated pollution control and water re-
source management in order to be effective
in the long term. The protection of sources
of drinking-water is essential, particularly
with respect to pollutants such as nitrates
and pesticides from diffuse sources; many
countries rely on groundwaters that are vul-
nerable to pollution and that may be slow to
respond to remedial action. It is evident that
more sophisticated treatment for a wide
range of chemicals is impractical for many
countries, and that protecting drinking-water
sources plays an important role in protecting
health.

Monitoring and data for drinking-water
quality, exposure and effects are issues of
particular concern in Europe. In parts of the
Region it is evident that laboratories cannot
be expected to analyse effectively the range
of substances controlled by standards, be-
cause they lack suitable equipment and
reagents. Strategies for monitoring and the
range of variables measured should be
adapted to local needs, but there is a prob-
lem in the comparability of data for drinking-
water in Europe. The site and frequency of
sampling, quality control and quality assur-
ance, statistical procedures and reporting
differ substantially across the Region. Prog-
ress is being made on the development of
common approaches and comparability for
surface waters on a European scale, but a da-
tabase for European drinking-water quality
would be necessary in order to accomplish
and sustain this development. It is currently
impossible to make comparisons across the
Region with any confidence. The incidence
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of disease outbreaks and of non-compliance
with standards gives an indication of the
present situation, but only more reliable data
will give a better idea of where problems of
quality exist and where chronic health effects
might be expected to occur.

Environmental health management is ob-
liged to compete for resources with other
sectors. In a framework of limited resources,
it is essential that priority-setting in the
quality control and management of drinking-
water is effective in obtaining the greatest
possible benefit to health. Effective guide-
lines for management, codes of practice for
pollution control, and effective provision of
information for policy-making have not yet
been universally applied in Europe.

The importance and potential influence of
drinking-water quality on human health are
sufficiently well established to allow effective
management. The specific influence of
drinking-water quality on the health of Euro-
pean populations can be identified only in
certain cases.
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In a number of countries in Europe, waste-
water and poor surface water quality are seri-
ous problems. In all countries, the manage-
ment and disposal of wastewater is an im-
portant issue from the point of view of
human health and environmental quality. In
particular areas the development of coverage
and effectiveness of treatment, together with
quality management, has not kept pace with
urban and industrial growth. This, together
with increased pressure on available water
resources, has had an adverse effect on
human health both through pollution of
water resources used for drinking-water and
through direct contact with contaminated
water.

The issue of poor raw water quality for

7.1 Health Effects
drinking-water supplies is addressed in
Chapter 6, and is an important focus for ap-
proaches to the treatment of wastewater.
Some contaminants in surface water and
groundwater arise from sources other than
wastewater: for example, pesticides and a
substantial proportion of nitrates, together
with animal husbandry wastes, arise from ag-
ricultural sources. In the absence of ad-
equate treatment of sewage, not only does
microbial contamination of water result (see
below) but organic materials may give rise to
high biological oxygen demand (BOD); the
resulting oxygen depletion adversely affects
aquatic fauna and flora. Poor sanitation fa-
cilities and untreated industrial discharges to
rivers, lakes and coastal areas used for rec-
reation have given rise to a number of unde-
sirable and recurring health effects, particu-
larly in the CCEE and coastal regions of the
Mediterranean, Black and Baltic Seas.
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A survey of 13000 popular bathing areas
in the European Community during the
1991 bathing season showed that there were
large differences in bathing water quality [1].
Guideline values for total and faecal coli-
forms were exceeded in a number of coastal
bathing areas as well as in freshwater bathing
areas. Bathing was prohibited in a number of
areas in many member states.

The risks encountered in bathing and
water-contact sports undertaken in contami-
nated water, and those associated with waste-
water workers, relate primarily to a range of
microorganisms but also to the presence of
organic substances such as pesticides, phen-
ols and trihalomethanes, and gases such as
methane. Cabelli et al. [2] have reported
that potentially all of the diseases that are
spread by the faecal–oral route and whose
etiological agents are shed in the faeces
could be contracted by swimming in sewage-
polluted water. Such diseases include sal-
monellosis (including typhoid and para-
typhoid fevers), shigellosis, cholera and gas-
troenteritis caused by other pathogenic bac-
teria, viral diseases such as hepatitis A, ill-
nesses caused by a variety of other viruses,
and diseases caused by a variety of parasites
including Giardia and Cryptosporidium spp.
(see also Chapter 6). All of these diseases
can also be contracted by consumption of
raw or inadequately cooked shellfish, as dis-
cussed in Chapter 9.

In addition, a number of diseases other
than gastrointestinal ones have been associ-
ated with swimming in contaminated water.
These include eye, ear, skin and upper respir-
atory tract infections [3].

Recreational exposure to water polluted
by human and animal sewage, with resultant
gastrointestinal symptoms, has received
much attention, although there are no rou-
tinely available statistics. Data on corre-
lations between gastrointestinal illness and
water-based activities are available from
examination of disease outbreaks and spe-
cific epidemiological studies. However, the
reliability and value of the data that can be
derived from epidemiological studies dep-
ends on the appropriate measurement of ex-

posure, often to complex mixtures of chemi-
cals and other agents. The validity of results
will also depend on the accurate diagnosis of
health outcomes and the extent to which ac-
count can be taken of lifestyles and other
confounding factors.

Although epidemiological studies differ in
design and in the approach adopted, certain
elements aid in an evaluation of health risks
from water-related activities:

• questionnaires to estimate exposure (de-
gree of head immersion, inadvertent inges-
tion of water)

• recruitment of subjects for control studies
• measurement of water quality (microor-

ganisms and chemicals)
• reporting of gastrointestinal illness.

In general, because of the dearth of data on
the health effects of contaminated surface
water in the CCEE and NIS, and often in-
conclusive data for western Europe, prob-
lems of water pollution frequently do not re-
ceive the same attention as air pollution, for
which characteristic health effects have been
recorded and have led to large-scale
emission-reduction programmes.

However, concerns for water quality as it
affects both human health and ecosystems
have led to more effective action at national
level and have also been central to inter-
national cooperation on transboundary
water pollution. International cooperation of
this sort has the combined purpose of safe-
guarding raw water quality for drinking-water
supplies and of protecting freshwater and
marine ecosystems. Cooperation is in place
for many shared waters such as the Rhine,
the Danube, the North Sea, the Baltic and
Black Seas and the Mediterranean.

7.1.1 Direct contact with surface
water through bathing

The Mediterranean basin can be taken as an
example of the problems of bathing water
pollution. The sea receives waste and sewage
from the 18 countries on its borders, al-
though only four of them – France, Greece,
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Italy and Spain – are bound by the European
Union (EU) directive on bathing water
quality [4]. A number of studies have dem-
onstrated the risks associated with exposure
to wastewater when bathing. Studies in
Spain have shown that ear and eye infections
were significantly associated with immersion
of the head in the sea water [5]. Prospective
studies carried out in France [6] indicated
that higher morbidity rates were found
among bathers as opposed to non-bathers for
each type of disease, i.e. gastrointestinal,
skin, eye and ear.

While the risks of falling ill through bath-
ing in the Mediterranean are well publicized,
the problems are widespread across the Re-
gion. Many of the beaches in the Baltic
states contaminated with sewage and indus-
trial emissions are closed (for example in the
Bay of Riga) with the consequence that dis-
ease outbreaks have been reduced. Lack of
treatment of municipal wastewater from St
Petersburg has created a public health haz-
ard when beaches are used in the summer.
At present, swimming is prohibited in the
Gulf of Finland and the Neva River. In Bul-
garia, the microbiological quality of surface
water is seriously affected because of dis-
charges of untreated sewage and waste from
farming industries, especially in small resort
settlements along the Black Sea coast where
epidemics of intestinal infections have been
recorded [8]. Small outbreaks of leptospiro-
sis are reported throughout Europe, but ef-
fective rat control and prohibition of swim-
ming in contaminated water have reduced
the incidence of the disease.

The amenity value of unpolluted beaches,
lakes and rivers is an important one, often af-
fecting large numbers of people. The econ-
omic losses due to pollution of beaches and
of surface water in tourist areas can be large.

7.1.2 Direct occupational contact
with wastewater

Occupational exposure to Leptospira spp. of
farmers, veterinary surgeons, abattoir

workers and waterworks engineers (and rec-
reational exposure of swimmers, campers
and fishermen) can give rise to the poten-
tially serious disease leptospirosis. Indirect
contact via water contaminated with in-
fected urine is a more common cause of
human infection than direct animal contact.
Rats are the most common infectious source
although domestic animals, livestock and
wild mammals, which may act as a reservoir
for continually reinfecting domestic animals,
may also be important.

7.1.3 Aerosols

Aerosols originating from aeration of waste-
water can have some limited impact on air
quality, as can the reuse of wastewater for ag-
ricultural purposes, particularly irrigation
and especially when overhead sprinklers are
used. When wind velocities are high, aero-
sols that may be contaminated with microor-
ganisms may spread into areas that are not
being irrigated. Even under these conditions,
however, aerosol contamination is likely to
affect the microclimate of only a very small
area. The health effects of exposure to such
aerosols are very difficult to estimate in Eu-
rope, and no data exist.

7.1.4 Smells

Malodorous substances in surface water and
wastewater may be released continuously or
as a result of accidents and spillages. Odour
nuisance is one of the most common com-
plaints about environmental pollution, and
odours from surface water and wastewater
(particularly from agricultural effluents) ac-
count for a significant proportion of them.
Odour problems in wastewater are of par-
ticular concern if they occur near residential
areas. Unlike many other forms of environ-
mental pollution, the problem may disap-
pear when the wind changes or it may be
solved by dilution.

Odour concentrations and odour nui-
sances are closely related [9] but the com-
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position of the odour and the frequency and
duration of exposure are also important fac-
tors.

7.1.5 Wastewater irrigation

Municipal and industrial wastewater is fre-
quently used to irrigate crops. In many Euro-
pean countries the wastewater is subjected to
various forms of treatment before use, as a
result of which excessive concentrations of
suspended solids, pathogens and sometimes
toxic compounds are removed. In some
European countries, however, few or no
wastewater treatment facilities exist, and raw
sewage water is allowed to flow freely into
rivers or is used directly to irrigate crops.

Untreated wastewater contains abundant
microbial pathogens (the most important of
which are described above) that can give rise
to disease. Untreated wastewater also con-
tains high concentrations of major nutrients
such as nitrogen, phosphorus and potass-
ium, micronutrients and some toxic metals.

In cases where untreated wastewater is
used for irrigation the potential for dilution
with clean water is increasingly limited, be-
cause as water withdrawals increase the
amount of clean water remaining decreases
while the proportionate volume of waste-
water grows. Globally, wastewater can cur-
rently be diluted with clean water in a ratio
of 1:25. In Europe, the ratio is 1:8 and is pro-
jected to worsen slightly by the year 2000
[10].

Potential health risks from microbial con-
tamination of wastewater used for irrigation
depend on the persistence and infective dose
of the particular organism, on whether long-
lasting human immunity develops, and on
the relative importance of water and soil,
food or personal contact as routes of expo-
sure.

In 1989 WHO issued Health guidelines for
the use of wastewater in agriculture and aqua-
culture [11], which describes simple treat-
ments of wastewater to reduce microbial
contamination to guideline levels. These le-
vels take account of proposed conditions of

use, such as whether the public will come
into direct contact with lawn or parkland, or
consume uncooked produce. It is recom-
mended that in specific cases local epidemi-
ological, sociocultural and environmental
factors be taken into account, and the guide-
lines modified accordingly.

As far as contamination by metals is con-
cerned, five have the potential to become
health hazards: cadmium, copper, molyb-
denum, nickel and zinc [12]. Of these, cad-
mium is perhaps the most serious potential
concern to health because of its long-term
accumulation in the kidneys (see also
Chapter 10). Other metals that may be pres-
ent in treated wastewater used for irrigation
are reported to be present in such small
quantities that no documented cases exist
where they have posed a potential health
problem.

Even if wastewater to be used for irri-
gation is treated before application, the po-
tential for microbiological or chemical con-
tamination of air, soil and plants and poss-
ible health hazards to consumers, both
human and animal, still exist. However, ex-
perience from Cyprus, the former Czechos-
lovakia, France, the former German Demo-
cratic Republic, the Federal Republic of Ger-
many, Israel, Italy, Poland, Portugal, Ukraine
and the United Kingdom suggests that the
potential health effects of wastewater irri-
gation are minimal, provided some simple
precautions are taken (see below).

The EU Urban Waste Water Treatment
Directive, which required member states to
establish a programme for its implemen-
tation by the end of 1993, regulates dis-
charges from agricultural and industrial sec-
tors as well as stipulating wastewater and
sewage treatment requirements [13]. Al-
though the directive is not directly con-
cerned with the reuse of wastewater for irri-
gation, its implementation has clear impli-
cations for reducing the risk of adverse
health effects from consumption of food
crops irrigated with treated wastewater.
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7.2.1 Populations with inadequate
sewage disposal or wastewater
treatment facilities

Analyses made in 1980 at the beginning of
the International Drinking Water Supply
and Sanitation Decade showed certain defi-
ciencies in the level of sewage and waste-
water services provided in different coun-
tries. Moreover, a disparity was found be-
tween the services available to urban and
rural areas. The results of the Water Decade
indicate that a major effort is still needed in
some European countries, first to provide

7.2 Exposure
urban areas with appropriate excreta dis-
posal facilities, second to connect dwellings
in peripheral urban belts to sewerage net-
works or other appropriate disposal facilities
(e.g. a septic tank followed by a pipeline for
the dispersion of liquid waste to the soil) and
third to provide a large number of existing
networks with appropriate treatment facil-
ities to avoid the discharge of raw sewage
into the aquatic environment.

Fig. 7.1 and 7.2 [14] present data for the
late 1980s on populations served by sewage
disposal networks and by other means of dis-
posal (both adequate and inadequate) for
urban and rural populations, respectively, in
European countries. The percentage of “in-
adequate disposal” is generally much higher
for rural than for urban areas.

Further disparities between countries be-

Fig. 7.1: Means of sewage disposal in urban areas, late 1980s
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come apparent when assessing the level of
sewage treatment after disposal through the
sewerage network. There is wide variation
among countries in this regard. In the late
1970s and early 1980s, existing plants were
substantially improved to provide more ad-
vanced treatment. Primary treatment, norm-
ally designed to remove suspended material,
was often improved to secondary treatment
designed to remove oxygen-consuming ma-
terials and nutrients through biological ac-
tion. Tertiary treatment involves the removal
of substances such as phosphates and metals
through chemical coagulation or adsorption.
It has been reported that in Poland, for
example, at least one third of sewage was dis-
charged without any treatment. Countries
such as Austria, Denmark, the Federal Re-
public of Germany, Luxembourg and

Sweden enhanced their primary treatment
with secondary treatment technology. By
1991, Norway, Portugal and Spain were
building both primary and secondary treat-
ment plants with advanced tertiary treat-
ment occasionally added [15]. Fig. 7.3 pres-
ents data on the percentages of populations
served by wastewater treatment in the Euro-
pean members of the Organisation for Econ-
omic Co-operation and Development
(OECD) from 1970 to 1987, while Fig. 7.4
[14] shows the proportions of primary, sec-
ondary and tertiary sewage treatment in Eu-
rope in 1990.

The sewage system in the Czech Republic
is in a much worse condition than the water
supplies [16]. There are some 9700 settle-
ments with around 2.5 million inhabitants
without a sewage system, and about 2500

Fig. 7.2: Means of sewage disposal in rural areas, late 1980s



Exposure 209

public sewage systems with no sewage treat-
ment. Serious problems also arise with the
handling of the sludge. In the case of the

central sewage treatment plant in Prague the
stabilized, fully processed sludge is released
back into the water. In the Czech Republic

Fig. 7.3: Coverage and type of wastewater treatment, 1970–1987

Fig. 7.4: Types of sewage treatment in Europe, 1990
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nitrogen, phosphorus, heavy metals and in-
soluble organics are not removed from
wastewater and sewage water.

In Denmark, 93% of the population use
common sewage facilities, leaving only 7%
using individual facilities such as septic
tanks [17]. The public sewage system in Fin-
land serves 75% of the population, while
parts of the rural population lack adequate
sanitation [18].

Discharges of saline water from mines in
countries such as the Czech Republic, Po-
land and Ukraine, and discharges with heavy
BOD from pulp, paper and textile mills, can
contaminate large rivers and parts of the Bal-
tic Sea. Highly concentrated effluents from
feedlots, dairy and pig farms and poultry
units, discharged into neighbouring rivers,
can markedly affect the quality of the river
water. This is a particular problem in the
CCEE and NIS with large-scale (state-
owned) feedlots.

7.2.2 Exposure through
recreational use

Guidelines for maintaining recreational
water quality have been developed in a
number of countries, including France, Is-
rael, Spain and the United Kingdom. The

quality of bathing water is also regulated in
an EU directive [4]. Guidelines and stan-
dards are mainly based on the outcome of
studies relating illness in swimmers with the
microbiological quality of water degraded by
faecal contamination, particularly from
point sources such as sewage effluents.

The bacteria used most widely to indicate
faecal contamination are faecal coliforms. It
has been proposed that faecal streptococci
should be used more often in addition to, or
instead of, coliform bacteria. The reason is
that streptococci survive better in marine
water than do other faecal bacteria, and are
thus better able to index the general risks
from pathogens such as viruses and protozoa
that are capable of long-term persistence
[19] (see also Box 7.1).

Illness, then, is not related only to the
measured numbers of faecal coliforms.
D’Alessio et al. [20] reported that beach
swimmers had a significantly increased risk
of enteroviral illness as a result of direct
transmission, in recreational water, of enter-
oviruses among the swimming population.

Microbiological contamination from non-
point sources is usually related to animal fae-
cal waste through urban, pastureland and
forest run-off of storm water, especially to
lakes and rivers. Calderon et al. [21] in the
United States measured multiple bacterial in-

Box 7.1: The health effects of sea bathing. Results of the United Kingdom Randomized
Clinical Trial Experiments [7]

Research method
The research protocol was similar to that of a controlled clinical trial first suggested by
WHO in 1972. This is the first time that a healthy volunteer experiment has been accom-
plished in the examination of the health effects caused by any exposure to environmental
pollution.

A four-year study was conducted by the Centre for Research into Environment and
Health, University of Leeds, at four seaside resorts in the United Kingdom. Each had
passed the European Union's “imperative” standards [4] in the previous bathing season.
Some 1305 volunteers were randomized into bather and non-bather groups on reporting
to the beach. Extensive questionnaire interviews were conducted before and after expo-
sure, together with associated clinical and medical examinations. The four-year study in-
volved some 500 water samples analysed for bacterial and viral indicators of sewage pollu-
tion, which allowed individual estimates of “exposure” to be attributed to each bather.
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Box 7.1: The health effects of sea bathing. Results of the United Kingdom Randomized
Clinical Trial Experiments [7]

Results

1. Categorical and multiple logistic regression procedures were used to identify relation-
ships between water quality and gastroenteritis, and to assess the validity of pooling the
data from all four studies.

2. A significant dose–response relationship was identified between faecal streptococci
(per 100 ml) measured at chest depth and gastroenteritis (P <0.001). The relationship
was independent of the site studied.

3. Non-water-related risk factors did not confound the relationship, and no significant in-
teraction between confounders and the water quality index was found.

4. The threshold of risk was objectively defined as 32 faecal streptococci per 100 ml at
chest depth. The resulting model (P = 0.012) is shown below.

Policy implications

1. The model allows prediction of the probability of gastroenteritis (i.e. the risk of illness)
at a given faecal streptococcal level. This probability can be compared with the risk of
illness attributable to the other risk factors such as household illness.

2. The results clearly indicate that the current mandatory standards specified in Directive
76/160/EEC [4] may not be appropriate. Consideration should be given to changing
both the recommended sampling depth and the microbial indicators used.

3. The results provide the necessary scientific information for the construction of stan-
dards or objectives for marine recreational water as used by “normal” adult bathers.
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dicators of water quality in a small lake and
the health status of volunteer swimmers and
non-swimmers. Results showed that gastroin-
testinal illness was associated with the
number of swimmers per day, and with den-
sities of staphylococci rather than the more
usual faecal indicator bacteria. The study
also stressed that the bacteriological indi-
cators used to measure water quality cannot
distinguish between human and animal fae-
cal contamination.

Results from white water canoeing studies
in the United Kingdom indicate significant
differences in reported symptom rates be-
tween canoeists using a more polluted site re-
ceiving sewage effluents and those using a
pristine upland channel with very low con-
centrations of bacterial indicators and enter-
oviruses [22]. Placid water canoeing studies
have produced less dramatic results, prob-
ably because of the lower risk of water inges-
tion compared with the white water variant
in which rolling is common.

In the Mediterranean area of some 130
million inhabitants, a further 100 million
tourists visit the area annually [3,23]. As the
sea constitutes a major recreational amenity,
especially in the hot summer months, and
municipal sewage may not be adequately
treated before release to the sea, the poten-
tial for illness is considerable. Saliba &
Helmer [3], using regression lines for gas-
trointestinal symptoms and microorganism
contamination, concluded that some 25 000
to 40 000 people would be affected per mil-
lion population. Even higher estimates have
been made by European tourist authorities,
according to which around 40% of tourists
at Mediterranean beach resorts become ill,
although some illness may be caused by con-
sumption of contaminated food (including
shellfish from contaminated coastal areas)
or unsafe drinking-water. The magnitude of
the problem still has to be established.

Recent work in the United Kingdom has
examined the association between sea bath-
ing and reported illness. Balarajan et al. [24]
conducted a study which used self-reported
illness from a sample of people using a
beach. They reported significantly more gas-

trointestinal illness in bathers than in non-
bathers, and non-significant increases in eye,
ear, nose, throat and respiratory problems in
the period following the use of the beach
(see also Box 7.1).

In Estonia, release of untreated or inad-
equately treated sewage is a major problem
that resulted in 1989 in the closure of 10 of
the 24 public beach areas, mostly on the Bal-
tic coast. In Lithuania, too, sewage and in-
dustrial effluents have polluted the Baltic
coastline to the north of the outflow of the
Curonian Lagoon, into which the contami-
nated river system flows; beaches closest to
the outflows are closed early in the season to
avoid outbreaks of waterborne infectious dis-
eases. Around 50% of water samples failed
to meet national standards for microbiologi-
cal contamination. In Latvia, sewage and in-
dustrial pollutants have led to the closure of
beaches at Jurmala, one of the prime
summer recreation areas on the Baltic coast.
Bathing has also been prohibited in contami-
nated rivers.

7.2.3 Production and consumption
of raw foods irrigated with
water of insufficient quality

Domestic and industrial wastewater consti-
tutes the most important source of water of
marginal (i.e. insufficient) quality that may
be used for irrigation in Europe [12]. The use
of water of marginal quality for crop produc-
tion in Europe is not new. In Greece, sewage
effluents were used for irrigation 2000 years
ago. Farming with sewage was a common
practice in Germany as early as the seven-
teenth century, and continued in the United
Kingdom until the late nineteenth century.

Throughout Europe, countries that treat
water to be used for irrigation do so by a
wide variety of methods using a range of
technologies, with differing degrees of effec-
tiveness in removing microbial pathogens
[12]. As already indicated above, WHO has
produced guideline levels for microbial con-
tamination according to the intended use of
treated wastewater [11]. In all such cases,
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and of course in cases where untreated water
is used for irrigation, the potential health
hazard from consumption of contaminated
crops remains a matter of concern.

Considerable experience exists in Europe
on the use of water of insufficient quality for
irrigation. Such uses are mostly local and re-
liable documentation often does not exist, or
if data do exist they are not readily available.
On the basis of returns to a questionnaire
survey of European countries carried out by
the Food and Agriculture Organization of
the United Nations (FAO) in 1986, the fol-
lowing synthesis is presented on some Euro-
pean practices.

In the United Kingdom, spray irrigation of
pastures for disposal of abattoir effluent has
been practised successfully. Effluents con-
taining animal blood are used and this does
not appear to present any environmental or
agricultural problems. Good growth of new
grass can be observed [12].

Germany has had considerable experience
with sewage farms and irrigation using
wastewater. Because of land becoming over-
loaded with wastewater, farming with sewage
has declined radically during the current
century. The use of wastewater for irrigation,
however, remains a thriving practice. One of
the longest operational and best documented
cases of the use of wastewater for plant pro-
duction in Europe is at Brunswick, where
some 44 500 m3 of wastewater per day is
used for irrigation in a scheme that has been
operating since 1954. A nearby city, Wolfs-
burg, has had a similar but smaller operation
since 1942, whereby 16 000 m3 of waste-
water is used daily for irrigation. Since after
irrigation almost tertiary effluent quality is
achieved, regardless of the degree of pretreat-
ment (Kayser, R., unpublished data, 1985)
groundwater and surface water contami-
nation has not been a problem at these two
sites. Irrigation has the effect of reducing
BOD and of removing nutrients such as
phosphate and nitrate from the effluent.

In the former German Democratic Repub-
lic, higher yields of cereals, sugar beet, pota-
toes and fodder crops were obtained when
these were irrigated with wastewater.

In France, reuse of treated wastewater is
encouraged. Its major use for agriculture is
in small rural communities. On the Mediter-
ranean island of Porquerolles, for example,
wastewater is used to irrigate citrus crops,
other fruit trees such as apricot, peach and
plum, and cypress trees; treated wastewater
now represents nearly 60% of the irrigation
water demand.

In Portugal, research into the use of pri-
mary and secondary effluent wastewater for
the production of sorghum, maize and sun-
flower at Evora has shown that productivity
can be equivalent to that obtained with the
use of tertiary treated water. Lettuces have
also been grown under spray irrigation with
primary and secondary effluents.

In Cyprus, it is estimated that 30–40% of
spring potatoes, fodder, industrial crops,
olives and citrus fruits are irrigated with
water of marginal quality. In Israel, 23% of
the required irrigation of cotton, citrus, field
crops and fruit orchards is supplied by such
water. Under existing Israeli regulations, veg-
etables that are eaten uncooked cannot be ir-
rigated with wastewater unless special per-
mission is obtained from the Ministry of
Health, which specifies the effluent quality
required [12].

Some parts of Italy now have advanced
biological treatment systems, which not only
produce water suitable for irrigation but also
water consistent with drinking-water stan-
dards.

In the former Czechoslovakia, irrigation
with wastewater containing high concen-
trations of nitrogen, phosphorus, potassium,
sodium and magnesium from a starch fac-
tory is reported to have increased the pro-
duction of clover and grass. A major effort is
also being made in Poland to utilize treated
wastewater for plant production. It is ex-
pected that 10 million hectares will be irri-
gated with such low quality water by the end
of the century. The Polish experience so far
has shown that, despite fears of resultant nu-
trient deficiency or salinity problems, soil
fertility as measured in terms of plant yields
has actually improved [12].

There is very limited information available
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from the countries of the former USSR on
the use of treated wastewater for irrigation.
In Ukraine, however, irrigation with partially
treated sewage effluents has produced
marked increases in soybean and maize
yields, and it has been calculated that waste-
water could provide 15–20% of all irrigation
water requirements [12].

No cases of gastrointestinal or other
health disorders related to the consumption
of these crops by humans or animals have
been attributed to the use of wastewater.

With much industrial wastewater being re-
leased untreated to rivers, the load of heavy
metals and organic compounds is high. In-
creased use of fertilizers and pesticides to
achieve high production has often resulted in
contamination of surface water and ground-
water. Although the objectives of environ-
mental protection are different in rural and
urban areas, in both cases it is crucial to re-
duce the pollutant load to water as well as to
soil and air.

7.3.1 Wastewater

Inadequate sewerage coverage, poor main-
tenance of sewerage networks and treatment
plants, and often a total lack of industrial
wastewater treatment pose a serious risk to
human health, particularly in the CCEE and
NIS. Such an example is Albania, where the
country’s only industrial wastewater treat-
ment plant was shut down in 1992. Heavy
metals from old 1930s industrial techniques
now load the nearby rivers.

In Turkey, also, many factories have al-
most no water treatment facilities, particu-
larly in areas where rapid industrialization
has taken place. Effluents from textiles,
metals from industrial processes, and resi-
dues from food processing have polluted
rivers such as the Ergene [25].

7.3 Causes of Pollution

In Estonia in 1988, around 3163 million
m3 of wastewater was produced, almost all of
which was discharged into surface water
bodies. About 84% of it does not need purifi-
cation. Of the wastewater that needs purifi-
cation, i.e. some 16%, around half is inad-
equately treated or not treated at all [26].
Consequently, the rivers in north-east Esto-
nia have been contaminated with industrial
pollutants such as phenols.

Around 571 million m3 of wastewater is
discharged annually in Latvia, of which
some 115 million m3 receives incomplete
treatment. Some of the works lack biological
treatment, while chemical treatment does
not exist. Consequently, levels of phenols,
oils and other chemicals exceed permissible
levels in rivers receiving the discharges. The
city of Riga, which produces around 164 mil-
lion m3 of wastewater annually, had no treat-
ment equipment until the autumn of 1991,
when less than half of the city’s wastewater
was treated.

Untreated wastewater from the plating in-
dustry in St Petersburg is unsatisfactory as it
leads to particularly high concentrations of
heavy metals such as chromium and copper
in the sludge. With around 600 industrial en-
terprises and 680 agricultural enterprises lo-
cated around Lake Ladoga, emissions of
largely untreated wastewater have polluted
the lake with a variety of organic and inor-
ganic substances.

Urban discharges to rivers, particularly of
sewage, are widely reported across many
European countries.a In addition, as water
pipes and sewage pipes lie side by side and
often leak badly, sewage can be sucked into
drinking-water pipes. These obvious health
hazards and the long lead times required to
construct new facilities and repair the old,
and their costs in relation to gross national
product, clearly indicate that in many CCEE
and in the NIS a reduction in risk is some
years away. Taking Hungary as an example,
the cost of necessary sewage and wastewater

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.
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treatment is estimated at about US $5 bil-
liona [27].

Inadequacies in infrastructure, monitor-
ing, numbers of professionals and laboratory
staff, and laboratory facilities and equipment
hinder immediate remedial action in many
of these countries. Another major goal is to
improve standard setting and enforcement
procedures. Upgrading existing legislation
and discharge regulations are further prior-
ities.

7.3.2 Pollution from non-point
sources

Pollutants from non-point sources have
proved more difficult to control than those
from point sources, and constitute a wide-
spread problem in the Region. Those caus-
ing most concern are agricultural chemicals
applied to the land, such as nitrate fertilizers
and pesticides (although in certain areas ani-
mal husbandry waste may also be a problem
if improperly managed). Their diffuse appli-
cation means that they permeate soils and
are transported by natural water movements
to surface water and groundwater. Control is
possible only by restricting their use or by al-
tering agricultural practice to minimize
leaching from the area of application. These
substances have the potential to affect
human health (see Chapter 6). For surface
water, the results of control may be relatively
rapid but leaching from soil may continue
for some time after application ceases.
Groundwater is of special concern, because
in many areas the slow recharge time in
aquifers means that it may take many years
for the results of restrictions to become ap-
parent.

Overuse of fertilizers has resulted, in some
countries, in alternative sources of water
being used for infants.

Problems related to dissolved solids, iron,
fluoride and arsenic can occur in ground-
water in different areas. Acidification of soils

a 1 billion = 109.

also increases the dissolved metal content of
water and raises the concentrations of mer-
cury, cadmium and lead, especially in areas
where soils are weakly buffered.

Pollution of both surface water and
groundwater may arise from landfills and
waste dumps. The source of pollution may
be localized, but the strategies for control
may have to be either preventive (at the plan-
ning stage) or longer-term, since both re-
medial action and treatment may be expens-
ive and complex (see also Chapter 8).

A reduction in fertilizer application to ag-
ricultural land in watersheds, and the re-
moval of nitrate and phosphate from waste-
water, can markedly reduce inputs to rivers
and lakes. Tourist-related pollution can also
add to nutrient levels. There are many
examples of attempts to reduce nutrient in-
puts into lakes and thus remedy eutrophi-
cation and the consequent algal blooms,
which reduce both amenity and drinking-
water potential as well as damaging natural
ecosystems. Excellent examples from Aus-
tria and Switzerland can be taken as models
for future action. Lake Balaton, one of the
largest shallow lakes in Europe and a major
recreational area for Hungary, has under-
gone major eutrophication; nutrient loads in-
creased by an order of magnitude between
1960 and 1980 [27]. Development of control
measures to reduce eutrophication include
improving phosphorus precipitation and
constructing sewage treatment plants. Al-
though the deterioration in water quality has
been stopped, no improvement has yet been
seen. With the current budgetary problems,
further installation of treatment works has
been delayed.

Extensive blooms of various species of di-
noflagellate algae have been reported in the
North Sea and in coastal waters around Den-
mark, Ireland, Norway, Sweden and the
United Kingdom [28]. Many of the blooms
are thought to arise from coastal water eut-
rophication, although the reasons are still
the subject of debate. Many of the blooms
are associated with the death of marine
fauna. Also, a number of dinoflagellate
species are consumed by shellfish, which ac-
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cumulate their toxins, and this can cause
such human illnesses as paralytic shellfish
poisoning, neurotoxic shellfish poisoning
and diarrhoeal shellfish poisoning (see also
Chapter 9). Direct dermal contact with to-
xins from marine dinoflagellates can also
cause acute dermatitis [29].

The Baltic Sea receives each year about 80
billion m3 of water from Poland, of which
around 4.1 billion m3 is wastewater dis-
charged from cities and industrial areas [30].
Around 38% of the total phosphorus and
37% of the total nitrogen load from Poland
is discharged to the Baltic Sea. The mean
share of industrial water in municipal sewage
is 30%. A specific Polish problem is the sa-
line wastewater discharged to rivers from the
coal mines of Upper Silesia: on average
around 3 million tonnes per year. Waste of
this sort obviously reduces the quality of
water in the rivers, with consequent limi-
tations on its use.

7.4.1 Improvements in networks
and treatment

During the next ten years, sanitation and
sewage treatment will continue to be import-
ant issues in Europe. The aim of the coun-
tries participating in the Water Decade activ-
ities in Europe was to ensure that all house-
holds were connected to the sewerage net-
work in urban areas and that rural house-
holds had at least adequate disposal facilities
and hygienic latrines. The projection in 1990
was that all Europeans would have at least
hygienic pit latrines by the year 2000. The
question of whether such coverage will bring
about improvements in water quality through
waste control is entirely different. Sanitation
is primarily concerned with limiting local ex-
posure to pathogens by diverting wastewater
through networks or other means to another
place. Fig. 7.5 shows a parallel between in-

7.4 Trends

come and adequate sanitation in rural areas,
with a striking cut-off at a gross national
product per head of population of US
$10 000. The same pattern is true for urban
areas, but the degree of urban coverage in
the lower-income countries is better than in
rural areas.

It seems unlikely that sufficient invest-
ment can be made over the next ten years for
sufficient treatment of wastewater to mini-
mize the introduction of pathogens and
chemicals into the environment and the con-
sequent risks to human health and eco-
systems.

Some parts of Europe are advanced in
sewage collection and treatment, particularly
in the north and west. In southern Europe,
coverage has increased but the quality of
treatment needs to be improved. In 1990, the
proportions of sewage receiving treatment in
Europe were approximately as follows: no
treatment 31%; primary treatment 16%; sec-
ondary treatment 40%; and tertiary treat-
ment 13% (Fig. 7.4) [14]. Such percentages
give only a vague idea of the potential effect
on environmental health. The size of the
community and of the receiving waters will
determine what level of treatment is most
suitable for any particular situation.

Poland is making serious efforts to reduce
contamination of rivers and the Baltic Sea
by constructing some 8000 treatment plants
with a capacity of 2.3 million m3 sewage per
day. The system will involve approximately
35000 km of municipal sewerage and 50000
km of rural sewerage. With the present rate
of implementation, a 50% reduction of input
into the Baltic Sea will take around 15 years
to achieve [30].

The construction of major sewage treat-
ment plants on the east coast of Norway has
led in recent years to the improvement of the
water quality in the Oslofjord [31].

Animal farming wastewater is subject to
regulation in some countries, particularly in
the EU, but appropriate treatment and man-
agement will probably be slow to develop.

In many countries where financial re-
sources are limited, sewage treatment will be
determined by environmental health prior-
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ities and by cost recovery constraints. Treat-
ment, along with pollution control, must be
considered as part of a system of environ-
mental health protection.

As network coverage increases and treat-
ment improves, the issue of sewage sludge
will increase in importance. Waste in water
does not disappear but is converted, to a
large extent, into other forms. The sheer vol-
ume of sludge will be an increasing problem,
with some countries having limited options
for land disposal, especially if agricultural
practices already contribute to high nitrate
levels in surface water and groundwater. If
industrial and domestic waste is treated to-
gether, the resultant sludge may contain
toxic chemicals that make it unsuitable for
land disposal.

7.4.2 Reduction of pollution

Strategies for reducing pollution from waste-
water and diffuse sources of contamination
depend on whether the waste enters surface
water directly or via treatment works. Con-
trol of chemical pollution will hinge on mi-
nimizing industrial input from point sources.
Codes of practice and an EU directive on
pollution caused by certain dangerous sub-
stances discharged into the aquatic environ-

ment [32] are the basis for the reuse of
wastewater, recovery of chemicals and effec-
tive treatment.

A number of surveillance programmes
have been carried out in the fjords and coas-
tal areas of Norway since the early 1980s to
identify specific wastewater needing treat-
ment. A process technology change at a
nickel refinery reduced emissions to the
Kristiansand Fjord, while placing industrial
waste in a mountain tunnel reduced
emissions from three large smelters to the
Sörfjord by around 90%. A new cleaning
technology installed in 1990 has reduced
emissions of chlorinated organic compounds
from a magnesium plant into the Greenland
fjords; discharges of polynuclear aromatic
hydrocarbons (PAHs) have been reduced
from several tonnes per year to a few
hundred kg per year. Similar reductions in
PAHs to the Sunndals Fjord have been rec-
orded from a large aluminium smelter follow-
ing wastewater treatment [31].

There are many areas of Europe where ap-
preciable reductions in industrial chemical
pollution will take several years, and where
aid and transfer of technology will be needed
to achieve that reduction.

In addition to hazardous substances as
such, waste disposal technology is of obvious
importance for pollution control and re-

Fig. 7.5: Income and sanitation in rural areas
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medial action in degraded areas. Agricul-
tural practices employing intensive animal
farming and use of chemicals will come
under more widespread scrutiny throughout
the Region. Planning permission for agricul-
tural activities should become more wide-
spread.

Biological oxygen demand is also an im-
portant consideration in the reduction of
pollution, particularly in smaller urban
rivers, even if waste is treated. Nitrate con-
centrations are one of the most pervasive
problems in the Region, both east and west;
effective control of agricultural practices will
be difficult to implement, and in a number of
areas there are unlikely to be improvements
in groundwater in the next few years. Identi-
fication of vulnerable areas and the introduc-
tion of codes of practice, source protection
and effective regulation will be the best
means of avoiding future problems.

7.4.3 Monitoring

The present status of monitoring and data
collection is a substantial barrier to proper
evaluation of wastewater, its implications for
human health and the effectiveness of pollu-
tion control. Current evaluations are of sig-
nificant areas and are based on represen-
tative data or case studies. For small-scale
local management some countries will need
far better facilities, particularly for analysis.

Epidemiological studies of disease due to
wastewater are difficult to carry out. More
information on freshwater systems is
needed, and more insight into the degree of
exposure from recreational activities in fresh
water, particularly in eastern Europe.

The collection of data on sanitation cover-
age is relatively good, but substantial im-
provements in data collection and analysis
must be made in parallel with improvements
in treatment technology if control is to be ef-
fective. High priority should be given to
monitoring and data quality, with the results
presented in a form appropriate for use in
water and environmental health manage-
ment. Interpretation of the data, including

risk implications, should also be considered.
These are not universal priorities at present,
often because of financial constraints.

Monitoring of effluents should become
more widespread in order to evaluate com-
pliance with regulations. Monitoring of ef-
fects on the ecosystem is to some extent in
place, particularly with respect to biological
quality criteria and classification.

There is considerable scope for inter-
national cooperation on technology transfer
and for developing human resources in
monitoring and data presentation.

7.4.4 Management

The coming ten years will see the need for
developing and expanding local management
at appropriate levels, with effective com-
munication at the policy-making level. There
is a need for intersectoral cooperation in
planning, infrastructures (e.g. water supply,
sewerage and sewage treatment works), agri-
cultural practices and pollution control.
Such arrangements are in place in many
areas but are not effective in others.

Europe has good human resources but
management cannot always be effective be-
cause of poor political and institutional moti-
vation. In some areas the problems are so
great that results will be slow to be seen. En-
vironmental health is often out of phase with
economic development, and international
cooperation can play an important part in ef-
fective integration.

Management of surface water and waste-
water quality is of increasing priority from
the point of view of human health, fresh-
water quality and marine ecosystems. Coop-
eration on managing international water sys-
tems will further develop in the next decade,
particularly for rivers and seas in the east of
the Region such as the Danube and the
Black Sea.

Management tools such as quality objec-
tives, industrial guidelines, discharge permits
and cost recovery options must be used
more widely. However, these can only de-
velop in appropriate institutional frame-
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works. Management should be able to apply
common policies and standards, as appropri-
ate, to local conditions.

Sanitation and the quality of wastewater and
surface water are major concerns in Europe
at present, and their importance will in-
crease in the next ten years as requirements
for more effective health protection and
better environmental quality rise on the
political agenda. The European Region is
characterized by high population densities in
cities and urban industrial areas, where sur-
face water can be seriously contaminated,
and in rural areas where agricultural pollu-
tion over many years has contaminated
rivers and groundwater. Contamination of
surface water by various types of waste gives
cause for concern on two major counts: the
quality of raw water (which may have a di-
rect effect on human health through its use
as drinking-water or indirectly through ef-
fects on aquatic ecosystems) and bathing
water quality.

In general, the proportion of European
populations served by adequate sewage treat-
ment facilities is smaller than that served
with safe drinking-water. Improvements have
been made over the last 20 years, and it is an-
ticipated that adequate sanitation will be
available throughout the Region by the end
of the century. It does seem, however, that
progress in providing a suitable degree of
treatment to protect human health and to
meet quality objectives is slower. Many water
bodies, particularly those in urban areas, are
under stress because of excessive amounts of
wastewater that has received too little or no
treatment. In addition to the risk of micro-
bial infection from direct contact with sur-
face water, raw water quality is degraded and
increased treatment of drinking-water is
required to meet health standards. Microbial
and viral illnesses may result from bathing in
contaminated water, but the whole range of

7.5 Conclusions

chemical and microbial contaminants in
wastewater and surface water is of concern
for exposure through drinking-water and, to
a lesser degree, irrigated crops.

There is continuing difficulty in the Re-
gion in assessing the links between exposure
and health effects on a large scale. The pres-
ence of particular microbial indicators is
used to indicate the suitability of water for
bathing, but the success of such measures in
improving health protection is difficult to
evaluate. Some countries lack an effective
monitoring network, especially several of the
CCEE and NIS, but the exploitation of
water resources is difficult in many countries
because of pollution by sewage.

Control of pollution of surface waters
raises many of the same issues as for the
quality control of drinking-water. Pollution
prevention, codes of practice and planning
controls are crucial for effective health and
environmental protection, particularly for ag-
ricultural activities that give rise to substan-
tial diffuse sources of pollution and are tradi-
tionally less subject to planning restrictions.
Many countries regulate pesticide use, and
there is a growing tendency for regulations
or guidelines on fertilizer use, planning con-
trols for agricultural waste, and land-use con-
trols to protect vulnerable water sources
such as the recharge zones of aquifers. Eut-
rophication of lakes and acidification of
rivers and lakes is especially pronounced in
eastern Europe, arising both from uncon-
trolled agricultural practices and industrial
activities, including acid deposition from at-
mospheric pollutants. These effects have
also been seen in western Europe, particu-
larly a decade or so ago, but rigorous control
of agricultural practices and industrial
emissions has reduced or even eliminated
them in several areas.

Heavy investment is required in the CCEE
and NIS to build new urban sewage treat-
ment plants, not only for national or local
reasons but also because of the need to pro-
tect international rivers and the enclosed
seas. These requirements will place heavy
burdens on those countries compared with
western Europe, where capital expenditure
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for treatment plants has been spread over
long periods of time. To minimize cost and
maximize benefits in the short term, protec-
tion of human health has priority, though
the wider environmental issues cannot be ig-
nored. At the same time, a reduction in in-
dustrial pollutants reaching wastewater
should be sought in order to avoid the cost
of their removal. Expenditure on wastewater
treatment and reuse has to be encouraged in
the Region, and placed in the perspective of
the socioeconomic development of the coun-
tries concerned.

Related issues that will need increasing at-
tention, in addition to those already dis-
cussed, are emergency measures for the pro-
tection of surface water and groundwater,
and the development of suitable policies for
tourism and tourist health.

Development in the protection of surface
water and the management of wastewater
will only be achieved within a wider policy
for the development of infrastructures,
human resources, institutional frameworks
and international cooperation.
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Owing to economic development and in-
creased consumption, the quantity of waste
produced worldwide has grown steadily in re-
cent decades. The public’s awareness of the
related potential hazards to human health
and to the environment has also increased.
Public concern has grown dramatically dur-
ing the last two decades, primarily spurred
by numerous instances of contamination of
groundwater and soil caused by improper
waste treatment and disposal. In addition,
the high population density in much of the
European Region causes growing difficulties
in siting new facilities far from residential
areas and from possible sources of drinking-
water.

This chapter gives an overview of the
dangers posed by hazardous and non-hazard-

8.1 Introduction
ous waste to environmental health. It uses
the definition of environmental health in the
European Charter on Environment and
Health [1] and thus considers effects on
wellbeing as well as health.

8.1.1 Definitions

Countries still use many different definitions
of waste and waste categories. For example,
the same category of waste can be described
as hazardous, chemical, special, poisonous,
toxic or difficult. Countries differ both in the
method of definition and in the range of
waste included.

Nevertheless, countries have tried to har-
monize their definitions, most importantly
in the Basel Convention on the Control of
Transboundary Movements of Hazardous
Wastes and their Disposal [2] and the Euro-
pean Union (EU) directive on hazardous
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waste [3]. The latter defines hazardous
waste as that:

• included in any category contained in a
scheduled list, such as wood preservatives,
pharmaceutical substances, polychlor-
inated biphenyls; or

• derived from a certain specified source or
process, such as used filters or inciner-
ation; and

• showing one or more defined properties
that renders it hazardous (described as,
for instance, harmful, toxic, carcinogenic,
infectious or ecotoxic).

Because this definition is comprehensive
enough to include most types of waste that
could present a hazard to human health or to
the environment, it is used in this chapter. It
should be noted, however, that the analytical
procedures to detect the presence of some of
the hazardous properties of waste are not yet
agreed within the EU.

Non-hazardous waste includes municipal
waste and all waste not presenting the char-
acteristics listed above (such as that resulting
from demolition, packaging and other com-
mercial activities, and sewage sludges not
contaminated by hazardous compounds).

However, certain waste substances that
are not hazardous in themselves may be-
come so in particular situations. For in-
stance, municipal solid waste may pose a
health hazard if inadequately collected or
disposed of. Household waste left as piles of
rubbish can contribute to an increase in the
number of rats, which are carriers of pa-
thogens as well as vectors of leptospirosis,
and cockroaches and flies, which carry most
excreted pathogens.

This chapter does not cover all types of
waste. Radioactive waste is discussed in
Chapter 12, and wastewater in Chapter 7.

Although accurate information about the
production of waste in the European Region

8.2 Waste Production

is lacking, some assessments can be made
using data from the Organisation for Econ-
omic Co-operation and Development
(OECD) [4] and those gathered by WHO
through the Concern for Europe’s Tomor-
row protocol (Fig. 8.1). Accordingly, the Re-
gion produces an estimated total of more
than 2.6 billiona tonnes of waste per year, or
some 7.3 million tonnes per day. This annual
figure includes 220 million tonnes of munici-
pal solid waste, 980 million tonnes of indus-
trial waste (of which hazardous waste is esti-
mated to comprise 120 million tonnes),
about 1 billion tonnes of agricultural waste
and nearly 450 million tonnes of other waste
(including mining waste, sewage sludges and
demolition waste).

8.2.1 Municipal waste

Municipal solid waste constitutes 8 % of the
total amount of waste generated in the Re-
gion, not including the NIS. In general, this
category includes household waste as well as
similar waste from small commercial and in-
dustrial enterprises, markets and restaurants,
and gardens.

In most countries, quantities of municipal
waste are rising steadily. Fig. 8.2 shows the
average increase in municipal solid waste
production in the European members of
OECD [5]; the average annual rate of in-
crease rose from 1.8 % in the first half of the
1980s to 2.5% in the second half. Table 8.1
gives an overview of percentage increases in
municipal solid waste per head of population
in some European countries between 1975
and 1990. At the end of the 1980s, the aver-
age quantity of municipal waste per person
in the Region was 353 kg per year, although
this average masks significant differences be-
tween countries (Fig. 8.3).

The composition of municipal waste
varies widely between countries, reflecting
different consumption patterns and social
habits. Organic waste still accounts for the
largest share everywhere in the Region. The

a 1 billion = 109.
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Fig. 8.1: Annual waste production in the WHO European Region according to the main waste categories

Fig. 8.2: Average annual production of municipal solid waste in European OECD countries, 1975–1990
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percentage of glass and metals is relatively
steady (4–10%) although it is slowly decreas-
ing in those countries where these products
are collected separately for recycling. The
proportion of plastics is higher in countries
with a high production of municipal solid
waste per head.

8.2.2 Industrial waste

In 1992, the countries of the Region (exclud-
ing the NIS) generated nearly 1 billion
tonnes of industrial waste. The amounts of
industrial waste are expected to continue to

increase as industrial development expands.
The exact quantities of hazardous waste

generated in the Region are still unknown be-
cause statistics are incomplete and difficult
to compare, mainly owing to differences in
the classification of hazardous waste. The
figure mentioned above (120 million tonnes
per year) is therefore only indicative. More
accurate figures are expected to be available
in future, as a result of international attempts
to harmonize the definitions of hazardous
waste and the increasing statistics provided
by many countries.

The composition of hazardous waste pro-
duced in the countries of the Region varies

Fig. 8.3: Annual production of municipal waste in 24 European countries, late 1980s
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according to the distribution of industrial ac-
tivity and to the technology used, but hazard-
ous chemicals comprise roughly 50% of haz-
ardous waste in most cases [4]. Fig. 8.4 gives
a more accurate estimate of the composition
of hazardous waste in the European
members of OECD.

8.2.3 Mining waste

Many mining sites have been abandoned
after decades of exploitation, leaving waste

heaps with relatively high concentrations of
minerals such as lead and arsenic. Mine tail-
ings usually lack cover by vegetation and are
therefore very prone to movement through
drainage, erosion and windblown dust. As a
consequence, areas with intensive mining ac-
tivities in the past (so-called geochemical hot
spots) continue to cause widespread environ-
mental contamination through air and water,
giving rise to potential hazards to health. A
significant example is lead mining waste,
which can increase the concentration of lead

Table 8.1: Increases in municipal waste generation in selected countries of the WHO European Region

Fig. 8.4: The main types of hazardous industrial waste in European OECD countries, around 1990
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in local soil and dust and therefore increase
the level of population exposure (Box 8.1).

A survey of abandoned mining sites and
planning for reclamation therefore needs to
be a component of policy on environment
and health in the Region. As a short-term
measure, it is important to establish the
status of contamination in such geochemical
hot spots and to adopt any measures needed
to limit the current exposure of local popu-
lations.

8.2.4 Small-quantity hazardous
waste

Small-quantity hazardous waste is produced
by, for example, households, small indus-
tries, trading activities, farms, educational es-
tablishments and research laboratories.

According to estimates for 1986, the Euro-
pean members of OECD produced some
120000 tonnes of small-quantity hazardous
waste; a mere dozen products make up 90%
of such waste, the most important being
motor oils, batteries, paints, medicines, lac-
quers, solvents, maintenance and cleaning
products and glues [4].

Further, small businesses produce an esti-
mated 0.5–1 million tonnes of small-quantity
hazardous waste [4]. Some 15 types of activ-

ity are concerned, the most important being
dental and photographic laboratories, paint
and printing workshops and laundries.

In agriculture, pesticides account for some
25 kg of small-quantity hazardous waste per
km2 of cultivated land in the form of waste
from the products themselves, and a further
80 kg in the form of packaging [4].

8.2.5 Health care waste

The waste from hospitals and other health
care establishments can be categorized as
general, pharmaceutical, chemical, radioac-
tive, pathological and infectious waste, and
sharps (materials such as needles, instru-
ments and broken glass). The Region is esti-
mated to produce more than 2 million
tonnes of health care waste per year. The
percentage of hazardous waste is small:
about 10% according to WHO [8].

8.3.1 Collection

In the last two decades, municipal services
for solid waste collection have greatly im-

8.3 Waste Management

Box 8.1: The problem of waste from lead mining

A survey carried out in the Halkyn Mountains in Wales reported soils with higher concen-
trations of lead (886 mg Pb per kg dry soil on average) than those in another part of
Wales with no known contamination (maximum 70 mg/kg). Paired samples of garden
soils and house dust were taken, along with blood samples from the residents. The levels
of lead in the blood of women and children were found to be 30–50% higher in the Hal-
kyn Mountain area than in other parts of Wales, and were correlated with lead on kitchen
surfaces and with lead in dust and garden soil. The eating of locally grown vegetables was
also associated with increased blood lead levels, while levels of lead in the air (except in
dust) and the water supply were too low to make other than a very minor contribution to
the intake of the local population. The average blood lead levels in the contaminated area
(128 µg/l in adult women and 226 µg/l in children) revealed the importance of mining
waste as a source of exposure to lead and the health hazard for children in the exposed
population.

Source: Page, R.A. & Swires-Hennessy, E. [7].
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proved. The collection services in most
European OECD countries can be assumed
to cover virtually the whole population [4].
There are only a few exceptions, such as Fin-
land and Portugal, where no more than 75%
of waste is collected. No statistics are avail-
able on the collection of industrial waste.

8.3.2 Disposal

According to data from WHOa and OECD
[4], 66% of municipal waste in the Region is
estimated to be deposited in landfills, about
20% is incinerated, 9% is recycled and 5%
sent for other treatment. As to industrial
waste produced in the Region, 70% of haz-
ardous waste is still estimated to be de-
posited in landfills, 8% is incinerated, 10% is
stabilized and about 12% sent for other treat-
ment (mainly recycling as secondary materi-
als).

Table 8.2 indicates the disposal methods
used for municipal waste in selected coun-
tries; the category of other options includes
composting, methanization, refuse-derived
fuel and gasification. In some countries, in-
cineration with the utilization of surplus
heat for district heating, electricity produc-
tion or both is considered to be recycling.

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

Sanitary landfills
Disposal in sanitary landfills continues to be
the prevailing option for waste disposal in
the Region. The difficulties in finding ad-
equate new sites and the increasing concern
about the consequences – mainly on ground-
water quality – from the disposal of un-
treated waste (particularly hazardous waste)
in landfills, however, are leading to increas-
ing use of other methods.

Countries vary in their definitions of a
sanitary landfill, according to local needs
and customs. In general, the term means an
engineered facility to dispose of waste ma-
terials into or on to the land, with a mini-
mum of environmental impact.

In most countries, ever stricter technical
specifications are imposed on what are
known as controlled landfills; such specifi-
cations govern the choice of site, the con-
struction, management and operation of the
landfill, and the measures to be taken on and
after its closure. Substantial progress has
been made in preventing contamination of
the surrounding environment by:

• keeping off-site surface water away from
the waste and minimizing on-site infil-
tration of rainwater through use of a well
designed final cover;

• leakproofing the bottom and the walls of
the landfill with liners of clay and/or flex-
ible membrane or plastic;

Table 8.2: Distribution of disposal methods for municipal solid waste in 10 countries of the WHO European
Region



Waste Management 229

• collecting leachate with a drainage net, for
ultimate treatment and disposal;

• collecting gases with a venting system, for
ultimate treatment or reuse; and

• monitoring the quality of groundwater,
surface water and air to detect any kind of
contamination both during the operation
and after the closure of the landfill.

Incineration

Of the technological options for waste treat-
ment and disposal, incineration plants have
probably undergone the most extensive tech-
nical evolution in the last fifteen years,
owing to concern about the emission of haz-
ardous compounds to the atmosphere.

The primary function of an incinerator is
to burn waste to a so-called inert residue.
Until the end of the 1970s, the main part of
an incineration plant consisted only of the
oven and, in a few cases, a dust abatement
device. Managing these plants was relatively
simple, because there was little concern
about the impact of emissions on the en-
vironment and public health. Only in the late
1970s and early 1980s did the general public
begin to show such concern, possibly as a re-
sult of the Seveso accident. The first exten-
sive campaigns to monitor incinerators were
carried out, detecting concentrations of poly-
chlorinated dibenzodioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) and
other hazardous compounds (such as heavy
metals) in flue gases and in fly ash from in-
cinerators of municipal solid and hazardous
waste.

Since then, efficient new emission stan-
dards set by control authorities have resulted
in technological innovations to improve
combustion control and reduce emission le-
vels. Problems in the disposal of fly ash and
solid ashes from incinerators and the dis-
posal of wastewater from gas-cleaning oper-
ations can also be handled efficiently. Fly
ash from municipal solid waste incineration
is usually deposited in sanitary landfills; the
heavy metal content of ash from industrial
waste may require disposal in special land-

fills, or inactivation before disposal in stan-
dard landfills.

Chemical–physical treatment plants

A fraction of industrial waste is treated in
chemical–physical plants before being either
recycled or deposited in a landfill. The objec-
tive is to remove or substantially reduce the
amount and/or mobility of contaminants
within refuse by stabilizing waste with
chemical agents and solidifying it with ce-
ment or other ligands, or oxidizing or neu-
tralizing it. These treatments, if properly
managed, do not pose potential health prob-
lems for the local population; they are in gen-
eral confined in closed areas and do not give
rise to significant emissions of contaminants
outside them.

Composting and sorting plants

As a method of municipal solid waste dis-
posal, composting had a modest role in most
countries during the 1970s and 1980s, prob-
ably because compost produced from house-
hold waste is of low quality and not very use-
ful. Countries such as Austria, Denmark,
Germany, the Netherlands and Switzerland,
however, have introduced composting of
source-selected organic household waste on
a national or regional basis.

While composting and sorting plants do
not pose potential health hazards to the
population, problems may result from poorly
managed open-air plants without proper sys-
tems for odour abatement.

Application of sewage sludges and
compost to land

In theory, sludge from municipal sewage
treatment plants and compost from the or-
ganic fraction of municipal solid waste are
natural by-products of the treatment of
wastewater and municipal solid waste. They
contain nutrients that are essential to the
growth of food plants and forage. The return
of sludge and compost to the land thus com-
pletes a nutrient cycle.



230 Solid Waste

The contaminants in sludge are derived
from domestic sources (containing, for
example, insecticides, paints and other prod-
ucts used in house care), small businesses
(such as printing and paint workshops, laun-
dries, and dental and photographic labora-
tories) and from industry. In industrialized
areas the main contaminants detected in
sludges are heavy metals such as cadmium,
lead, zinc, chromium and mercury.

Traces of these elements and compounds
are normally present even in sludge from do-
mestic wastewater treatment plants. In spite
of the indisputable nutrient content, farmers
are often reluctant to apply sludge to arable
land; they worry about the long-term conse-
quences, even when the preventive measures
mentioned below are practised.

8.3.3 Recovery, recycling and
prevention

Various strategies can be used to reduce the
amounts of waste produced:

• reuse: using a substance or a recovered
product for its original or a different pur-
pose;

• recycling: returning a recovered substance
to the production cycle it came from;

• energy recovery: using combustible waste
fractions as fuel; and

• waste prevention: reduction at the source
by substitution of raw material, recycling
within the process and introducing clean
technology, or modification of the product
by analysing its life cycle and using differ-
ent raw materials.

A growing share of the municipal solid waste
produced each year in the Region is recovered
at source or undergoes processes leading to
material recovery. Data for the whole Region
are not yet available, but partial data from
European members of OECD show signifi-
cant differences between countries in recyc-
ling rates. There are no comparable data on
the recycling of industrial waste, and little in-
formation is available on the effect of policies
to prevent waste production.

Several attempts (many of them tests) are
under way in the Region to reduce waste pro-
duction. They range from raising public
awareness of opportunities for home com-
posting of organic material to promoting
clean production technology and introduc-
ing incentives for waste prevention. In addi-
tion, regulations giving cradle-to-grave re-
sponsibility for hazardous waste to the
people who produce it are under discussion
in some countries.

For decades, European countries dumped
the waste that they generated without taking
any precautions at all. By the end of the
1970s, the problem of managing sites had
arisen from the contamination of soil and
groundwater (with, for example, heavy
metals, arsenic, pesticides, halogenated or-
ganic compounds and solvents) and the po-
tential health risks to exposed populations.
The pollution of groundwater has stopped
the use of some sources of drinking-water or
precluded the future use of groundwater for
drinking.

At present, quantifying the problems is ex-
tremely difficult because the exact number
of contaminated sites is unknown, and the
potential risks from the contaminants pres-
ent have not yet been assessed. Some coun-
tries in the Region have attempted to evalu-
ate the number of problem sites (Table 8.3).
Such figures cannot be used to make an in-
tercountry comparison of the problem, how-
ever, since some are estimates while others
are based on careful investigations. Also, the
definition of a problem site varies between
countries. Many of these sites are being
cleaned up, but the cost of remedial action is
extremely high, limiting the rate of interven-
tion.

Similar data for the CCEE and NIS are
unavailable, but there is evidence that the
problem is just as big or bigger in these coun-
tries (see Chapter 17). In addition, many de-
posits of hazardous chemicals, and possibly

8.4 Contaminated Sites
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biological agents, from previous military ac-
tivities are thought to exist (see also Chapter
12).

In itself, the transport of hazardous sub-
stances represents a serious risk, and is

8.5 Transfrontier Movement of
Waste

strictly regulated by EU directives. Neverthe-
less, the movement of hazardous waste
across national borders has reached a signifi-
cant dimension: more than two million
tonnes of hazardous waste or over 10% of all
waste produced by European OECD coun-
tries moves across their frontiers [4]. In ad-
dition, European market-economy countries
send large amounts of waste to eastern Euro-
pean and developing countries.

In some cases, the need to find an ad-
equate and safe disposal site may justify this

Table 8.3: Surveyed or estimated contaminated sites in some European countries
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practice, but in other cases it is used to avoid
stricter standards and consequently higher
disposal costs in the country of origin. The
potential risks to health should be recog-
nized; waste disposal in less well managed or
uncontrolled sites may pose environmental
hazards to local populations. Further, the
waste moved across frontiers is usually the
most hazardous.

To control the movement of waste, OECD
adopted some principles in 1985 that were
later included in the Basel Convention on
the Control of Transboundary Movements
of Hazardous Wastes and their Disposal [2]
and embodied in an EU directive [3]. Not all
Member States of the WHO European Re-
gion have signed the Basel Convention.

8.6.1 Methodological problems

The epidemiological literature on the health
effects of procedures to collect, dispose of
and treat waste is difficult to interpret. For a
number of reasons, the exposure of a study
population has seldom been assessed. First,
waste consists of complex mixtures of chemi-
cal, physical and biological agents, and the
specific nature of potential types of exposure
has seldom been identified. Second, the in-
herent toxicity of a single agent may vary
over time or through environmental degrada-
tion. Third, routes of exposure can vary and
may modify the toxicological characteristics
of a given agent; further, such routes have
rarely been established in studies of exposed
populations. Fourth, estimates of body
burden from residues of relevant agents in
human tissues or fluids are seldom secured.

Another problem is the choice of the out-
comes to investigate. From a methodological
point of view, the main categories are bio-
logical markers, clinical diseases and re-
ported symptoms. Research strategies for

8.6 Waste Management and
Health Effects

biological markers have been suggested
[10,11]. A tendency to overreport diseases
and symptoms has been found in“alerted”
populations [12–14]. Seven health condi-
tions have been proposed as priorities for
monitoring [15]: birth defects and reproduc-
tive disorders, some types of cancer, immune
function disorders, kidney dysfunction, liver
dysfunction, lung and respiratory diseases,
and neurological disorders. Most of the
studies reported, however, address public
concerns about cancer and adverse repro-
ductive outcomes. In any event, the biologi-
cal plausibility of a particular effect being
caused by exposure to a given agent should
be considered. Finally, researchers need to
take particular care with the design of epi-
demiological studies, on which the strength
of the evidence for a causal relationship dep-
ends.

8.6.2 Sanitary landfills

As mentioned, landfills are the prevailing op-
tion for waste disposal in the European Re-
gion. Epidemiological investigations on the
possible adverse health effects posed by the
presence of waste disposal sites have been
conducted since the early 1980s, mainly in
the United States [16–29]. Many of these
studies illustrate the methodological prob-
lems described above. In particular, the lack
of information about actual exposure to spe-
cific agents makes it difficult to establish any
direct relationship between exposure and dis-
ease. The studies, however, often demon-
strate psychological, social or aesthetic ef-
fects on wellbeing, which are also environ-
mental health issues.

Biogas

The degradation of organic matter and the
vaporization of waste in landfill sites create
biogas. Biogas from municipal solid waste
consists mainly of methane and carbon diox-
ide. The gases from hazardous waste vary in
composition with the type of waste, but may
include toxic substances (such as dichloro-
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methane) or potential carcinogens (such as
benzole and vinyl chloride). In addition,
mercury can evaporate from landfills.

As long as uncontrolled biogas can escape
over the landfill area, mixing with air will
prevent acutely toxic concentrations of car-
bon dioxide from occurring. Nevertheless,
acute hazards to health may occur in closed
environments within the landfill area, from
substantial fissures in the landfill cover, or
from shafts or trenches. In addition, the mix-
ing of biogas with air carries a risk of fire
and explosion.

There are no reliable data on long-term ef-
fects on health from exposure to biogas [30].
The problem lies in evaluating the toxic
properties of such a gas mixture, whose com-
position varies over time and between sites.

Finally, malodorous emissions may create
problems, particularly if the landfill site is
near residential areas, that are difficult to
counter since people can smell many sub-
stances at very low concentrations.

Preventive measures

Taking the following measures in designing
and operating a sanitary landfill can prevent
or minimize the hazards described above.

1. As far as possible, waste delivered to a
landfill should not contain hazardous
compounds. These can be removed
through, for example, incineration, separ-
ation at source or product modification
measures. Many countries are adopting
guidelines that prescribe the treatment of
waste before final disposal in a landfill.

2. Biogas must be properly collected by pipe-
lines, and can either be burned off on site
or used commercially for heating. All
closed landfills must be adequately oper-
ated, monitored and ventilated to prevent
dangerous emissions of biogas from occur-
ring.

3. Active and passive measures should be
used to prevent biogas migration. The soil
and buildings in the area surrounding the
landfill should be monitored to detect mi-
gration and prevent explosions or adverse
health effects on the population.

4. The site of the landfill should be carefully
chosen and a system for biogas collection
should be correctly designed to minimize
odorous emissions. Compost cover layers
can be used as odour biofilters.

People are exposed to biogas chiefly by its
migration through the surface and the sub-
soil of a landfill. The level of exposure dep-
ends mainly on the rate of migration, the
composition of the biogas, and the distance
to the nearest housing. As a safety measure,
most regulations for siting landfills require
that a site be at least 1 km from any residen-
tial area

8.6.3 Incineration

Only a few studies have examined the poss-
ible adverse health effects of exposure to
emissions from incinerators. One investi-
gated a cluster of cases of laryngeal and lung
cancer near an incinerator of waste solvents
at Charnock Richard, United Kingdom (Box
8.2).

Indicators of health effects from exposure
to emissions from the incineration of mu-
nicipal and industrial waste in a village in
Isère, France were studied in three groups of
people residing within 200 m, 1 km and 2
km from the incinerator [32]. The average
number of respiratory drugs per person pre-
scribed in 1980–1981 decreased with dis-
tance from the source. Although the authors
made no claims of a causal relationship, the
results of this study prompted tighter control
of emissions from the incinerator.

Preventive measures

Imposing standards and installing pollution
abatement devices to ensure compliance can
reduce emissions from incinerators to ac-
ceptable levels. Most of the industrialized
countries in the Region have adopted
emission standards for waste incineration.
These standards differ widely, both between
countries and between the countries and the
EU [33]. From the strictest standards pro-
posed by the EU, one can evaluate the aver-
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age emissions from a modern incinerator of
municipal solid waste or hazardous waste.
Owing to the differences between countries,
however, compliance with national standards
does not normally provide a basis for com-
parison of emissions between countries.

The exposure of populations to flue gases
from incinerators is strictly correlated to the
emission and immission standards set. It is
also associated with the total throughput of
gases and with local meteorological and
topographical conditions. Studying stan-
dards does not therefore permit a general
evaluation of exposure. Effective exposure
must be evaluated case by case, taking ac-
count of the factors mentioned.

In general terms, people living up to 2 km
downwind of a plant can be expected to be
exposed to the highest concentration of con-
taminants. The careful siting of incinerators
is, therefore, extremely important as a pre-
ventive measure. In countries where the sur-
plus heat is used for district heating, how-
ever, energy planners prefer (for economic
reasons) to locate incinerators as close as
justifiable to residential areas. In Sweden, for
example, the minimum recommended dis-
tance between incinerators and residential
areas is 500 m. Nevertheless, compliance
with appropriate emission and immission
standards can greatly reduce the possibility
of adverse health effects.

Box 8.2: Incinerators and cancer in Great Britain

After reports of a cluster of cases of laryngeal cancer near the incinerator at Charnock Ri-
chard, Lancashire, the Small Area Health Statistics Unit of the London School of Hy-
giene and Tropical Medicine analysed the incidence of laryngeal and lung cancer near this
site, which operated between 1972 and 1980, and around nine other incinerators of waste
solvents and oils in Great Britain.

Cancer registration data organized by postcode were available for 1974–1984 in Eng-
land & Wales and for 1975–1987 in Scotland. Lag periods of 5 and 10 years between the
starting of the incinerator and cancer incidence were used in the analysis.

Standardized observed/expected ratios were calculated; expected values were based on
national rates (regionally adjusted) with and without stratification by socioeconomic pro-
file of the area (Carstairs’ index).

Two sets of circles around each site were selected a priori for the analysis: two circles
with radii of 3 km and 10 km, and ten circles with radii of 0.5–10 km. Observed/expected
ratios were assessed within the first set of circles around each site and aggregated over all
sites. Of the second set, data from the first four were used to investigate effects close to
the source, and data from the other six were used to give successive bands between circles
of approximately equal areas.

The populations living in the two sets of circles were 262896 and 2327651, respect-
ively.

For Charnock Richard, none of the observed/expected ratios, for either cancer or lag
period, differed significantly from unity for either the smaller or the larger circles in the
first set. The analysis of all 10 sites combined, stratified by Carstairs’ index, showed that
none of the observed/expected ratios differed significantly from unity for the two types of
cancer. There was no evidence of decreasing risk with distance from the sites for either
type.

It was concluded that the apparent cluster of cases of cancer of the larynx reported
near Charnock Richard was unlikely to be due to its former incinerator.

Source: Elliott, P. et al [31].



Occupational Exposure to Waste Substances 235

8.6.4 Application of sewage sludges
and compost to land

One of the potential health risks from the ap-
plication of sludge or compost to the land is
the direct or indirect (through the food
chain) transmission to humans of infectious
microorganisms or toxic chemicals that may
be present in such organic waste.

The main pathways for human exposure to
microbial and chemical contaminants in
sludge applied to land are as follows [34].
Humans may ingest vegetables or animal
products contaminated through:

• uptake by plant roots in sludge-treated soil
or direct contamination of edible parts of
plants by sludge, or by dust or mud after
the mixing of sludge with soil; or

• the use of contaminated plants as fodder
for animals or direct ingestion of soil and
sludge by grazing animals.

In addition, children may ingest sludge-con-
taminated soil. While these pathways are not
equally important, each has been demon-
strated. The population potentially exposed
therefore includes everyone who eats veg-
etables or animal food products from areas
where sewage sludges are applied. Similar is-
sues arise from the use of wastewater for irri-
gation (see Chapter 7).

Preventive measures

The EU and other countries in the Region
have very strict regulations on the appli-
cation of sewage sludge or compost to land,
based on sludge (or compost) composition
and soil characteristics. In addition, coun-
tries regulate land use practices, for example
by forbidding the use of sludge or compost
on areas producing foods that are to be eaten
raw. In other cases, a maximum content of
microorganisms is allowed in the sludge to
be applied to land; in general, only hygienic
treatment of the sludge can ensure that this
requirement is met.

As application to land is the easiest and
cheapest way of disposing of sewage sludge,
it is important to enlarge this practice as

much as possible by reducing at source the
most hazardous contaminants discharged
into sewers. This is already a requirement for
industry in some countries of the Region.
Regulatory approaches and control pro-
cedures need to be as uniform as possible to
prevent the use of the least controlled coun-
tries as dumping sites for others.

Occupational studies can provide valuable
assessments of exposure–effect relation-
ships, since exposure at work is usually
better defined and at higher levels than that
in the environment. There are, however, very
few investigations of the risks to the health
of people who collect, transport or handle
waste substances at landfill sites, inciner-
ators, chemical–physical and/or biological
treatment plants, or composting and sorting
plants.

The mortality in 1951–1985 of a cohort of
176 male workers employed for at least one
year during 1920–1985 at a municipal waste
incinerator in Stockholm showed an excess
of lung cancer and, after a long latency, is-
chaemic heart disease [35]. Smoking in the
cohort was not above the average for Swed-
ish men in cities.

A recent Danish survey [36] showed that
the predominant illness of workers in an en-
closed sorting plant was asthma, probably re-
lated to high emissions of particulate matter
containing bacteria and endotoxins derived
from the decay of waste. Modifications of
the plant (the use of closed conveyors and in-
stallation of vacuum cleaning systems) led to
significant reductions in airborne bacteria
and the nearly complete elimination of en-
dotoxins. Similar and additional measures,
such as the use of filters and wearing of pro-
tective masks, may be expected to reduce or
eliminate occupational health hazards to
workers in chemical–physical treatment
plants.

8.7 Occupational Exposure to
Waste Substances
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Waste collection and transport involve the
risk mainly of infections from contact with
waste and waste containers, and of acci-
dents. A recent Italian survey [37] showed
no significant microbial contamination in
municipal solid waste containers in winter,
but a possible risk of infection during the hot
season. In addition, differences have been re-
ported between waste containers in urban
and rural areas; the latter show higher levels
of faecal indicators, probably owing to the
presence of animal waste.

As to the risks of occupational exposure
to health care waste (Box 8.3) concern is felt
about sharps injuries, which occur during
the collection of waste, particularly hospital
waste. This involves the accidental transfer
of blood from a contaminated needle, scal-
pel blade or other sharp object to the worker.
A study by Jagger et al. [39] of a teaching
hospital in the United States indicated that
most sharps injuries occur after the instru-
ment has been used, that is, when it becomes
a waste item. Particular fear has arisen over
the possible transmission of HIV by this
means. Until 1989, only 37 cases of occupa-
tionally acquired HIV had been documented
worldwide [40]; most were a result of sharps
injuries. A more common hazard to health
from sharps injury is the transmission of

hepatitis B and C viruses (see also Chapter
15). Sharps present a significant occupa-
tional hazard to health care workers and
waste handlers. Closely following national
and other relevant advice on the safe dis-
posal of sharps, however, can control these
hazards [8].

Although no adverse occupational health
effects have been reported among workers in
landfills, the following precautionary
measures can be recommended:

• using protective clothing to avoid direct
contact with waste;

• fitting dust filters to vehicle cabs, moisten-
ing and promptly covering dusty waste,
sprinkling dust with water (or in the worst
cases wearing dust masks) in order to
avoid or minimize dust hazards; and

• controlling vermin.

As to accidents, a survey carried out in Fin-
land showed that the accident rates for the
personnel of waste transport vehicles were
three times as high as the average for indus-
try [41]. Several deficiencies in safety were
found at all stages of this work. The largest
number of accidents occurred in handling
large waste bins. Several steps can reduce the
number and severity of accidents; these in-
clude improving the equipment for waste col-

Box 8.3: The problem of health care waste

At present, the production of health care waste has been estimated to be more than two
million tonnes per year. The proportion of hazardous waste is small: about 10% according
to WHO estimates [8]. The first measure to adopt is thus the separation, whenever poss-
ible, of the non-infectious from the infectious waste components. The non-infectious
waste can be treated in the same way as municipal waste.

Most countries in the Region incinerate hazardous health care waste. They need, how-
ever, to ensure proper combustion and the efficient treatment of flue gases. This cannot
be done in small hospital incinerators, so most countries are moving gradually towards re-
gional incineration systems. WHO recommends treatment and disposal of infectious
health care waste at the regional level to achieve a better level of safety. In future, coun-
tries will work to reduce health care waste as much as possible at the source, to minimize
any potential health effect for workers and the public.

There is very little published information about the consequences of exposure of
workers, patients or the public to health care waste. Domestic personnel, maintenance
staff and porters are at risk from sharps in waste. Positive serological tests for hepatitis B
were higher among these personnel groups than in nurses and others [38].
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lection and transport, the working methods,
the location of waste containers, the instruc-
tions given to households, and occupational
health services [41].

The growing quantity of waste produced
worldwide creates problems of disposal due
not only to its volume and weight but also to
its potential effects on environmental health.
In this respect, hazardous waste is of particu-
lar concern. In several countries of the Re-
gion, governments and industry are taking a
more preventive approach to waste manage-
ment, the main aim being to reduce waste
generation from the outset. They promote
life-cycle management, by means of which
the environmental impact of a product can
be reduced at all stages of production, con-
sumption and disposal.

The problem of managing problem sites,
the legacy of decades of uncontrolled dis-
posal, is one of the future environmental
health challenges for the Region. Its import-
ance arises from the large number of sites
and the potential for contamination of soil,
surface water and groundwaters, along with
possible risks to human health.

While sanitary landfills continue to be the
prevailing option for waste disposal in the
Region, major technological improvements
are increasing the use of other treatment op-
tions, particularly incineration. This trend
also arises in part from the difficulty of find-
ing adequate new landfill sites in the Region,
because of either restrictions on land use or
public opposition based on the NIMBY
(“not in my back yard”) principle. Increasing
concern about the disposal of untreated
waste (especially hazardous waste) in land-
fills also plays an important role; the expens-
ive bad experiences with problem sites
should not be repeated. Finally, incineration
can be considered a way of utilizing the
energy content of waste for district heating
or electricity production.

8.8 Trends

Innovative technology provides other op-
tions for industrial waste treatment, such as
supercritical oxidation and plasma arch in-
cineration. Such technology is becoming an
interesting option, particularly for hazardous
waste, because of its high destruction effi-
ciency and low emissions.

Some other fairly sophisticated methods –
such as pyrolysis, gasification, the produc-
tion of derived fuels, and anaerobic digestion
of municipal solid waste or of selected frac-
tions – are used in some countries of the Re-
gion, but not yet to any great extent. The
costs remain higher than those of traditional
treatment options. Nevertheless, these
methods have a promising future; the grow-
ing need to reduce the volume of waste and
emissions from waste treatment will lead to
their wider use, within an integrated frame-
work, for the management of municipal solid
waste.

Finally, the countries of the Region will
have to make a significant effort to rational-
ize and control the transfrontier movement
of hazardous waste to avoid inadequate or
uncontrolled waste treatment and disposal in
countries with less strict standards and con-
trols.

Hazards to health exist where waste collec-
tion and disposal services are lacking or in-
adequate. The primary problem is the con-
tamination of groundwater and soil by leak-
age from landfills, although the inadequate
control of emissions from incinerators may
still give rise to potential hazards in some
countries. The technical evolution in waste
management over the last fifteen years, how-
ever, has made it possible substantially to re-
duce population exposure and potential
health effects from most modern plants.
Nevertheless the nuisance, particularly from
odours, and the anxiety related to living near
a waste treatment plant remain. Much of the
available data relate to European countries

8.9 Conclusions
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that belong to the EU and/or OECD, but
there are good reasons to expect that poten-
tial environmental health risks from waste
disposal are even greater in the CCEE and
NIS.

The public is concerned about the impact
of waste disposal on the environment and
health. A survey carried out in 1990 by the
Department of the Environment in the
United Kingdom found that the public was
more concerned about the disposal of haz-
ardous waste than any other environmental
issues, even pesticides or acid rain. The
growing problem of finding acceptable sites
for new facilities, away from residential
areas, is likely to increase public awareness
of this issue.

The few occupational health studies car-
ried out indicate unsatisfactory conditions in
the work environment, and that equipment
may be inadequate to protect the health of
workers. Multicentre studies of employees at
different types of waste disposal plant, with
proper exposure assessment and control of
confounding factors, are warranted.

Few studies of health effects in popu-
lations living near waste disposal sites have
been carried out in the Region. Many studies
were undertaken in North America to ad-
dress concerns raised by communities and
the mass media, but little was known about
the composition of the wastes or the environ-
mental pathways and nature of exposure; in-
terpretation of the results is difficult.

While the concern of people living near
waste disposal facilities cannot be justified
on the grounds of associated harm to physi-
cal health, nuisances such as odours and
noise are certainly important problems that
affect wellbeing. They should therefore be
taken seriously.

In addition, the fact that few of the avail-
able studies have been able to establish evi-
dence of health effects does not mean that
waste disposal sites pose no risks to health.
Large populations need to be studied to de-
tect effects on health as a result of long-term,
low-dose exposure. Further, the long time-
scales for changes in groundwater quality
and the transport of contaminants imply

that current health assessments may under-
estimate future risks. These considerations
and the steady increase in waste production
show the need for properly designed epi-
demiological studies. Studies of workers in
waste handling and disposal, however, may
prove a more useful way of establishing
health effects.

The priority problems in waste disposal
are related to old and poorly managed dis-
posal plants, both incinerators and landfills.
Important needs include securing the wider
adoption of improved technology for waste
treatment and improving the control of
plants in operation.

Waste management practices vary widely
within the Region. Incineration is increas-
ingly used for the disposal of hazardous and
municipal waste, but its use varies markedly
between countries and the disposal of both
hazardous and municipal wastes in the same
landfill is still practised. Similarly, effective
waste recycling schemes operate in some
countries of the Region, while others have
no general provisions for separating munici-
pal wastes. Securing improvements requires
public education and information.
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It is well known that, in general, food reflects
the environmental conditions under which it
is produced, handled (processed, packed,
shipped, delivered, stored, prepared) and
eaten. If at any one of these steps food is ex-
posed to potentially hazardous agents such

9.1 Introduction
as pathogenic bacteria or viruses, toxins,
chemicals or radionuclides, there exists the
possibility of “contamination”, with the re-
sulting potential for adverse health effects
for consumers. Several factors determine the
probability and severity of health effects, in-
cluding the number and properties of the
contaminating agents, the nature of the food
and consumption patterns.
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9.2.1 Current situation

The European Charter on Environment and
Health realized the importance of a harmon-
ized approach to preventing possible
negative health effects from inadequacies in
the production, processing, trade and prep-
aration of food.

In the light of recent political develop-
ments in the CCEE and NIS, and in view of
the impending removal of all trade barriers
between European Union (EU) countries, it
is to be expected that a rapid expansion in in-
ternational trade in food and tourism will re-
sult, with increased risks of transboundary
foodborne infections and intoxications.
There is a need, therefore, to obtain in-
formation about the different existing or po-
tential problems. The programmes of the
supranational organizations for reporting
and assessing such problems, and the chemi-
cal contamination of food and drinking-
water, will need to be strengthened.

9.2.2 Food safety structure

Food law

In most European countries, basic food laws
have now been in operation in different
forms for more than a century. A recent sur-
vey has revealed a considerable diversity
among laws in different European countries.

Food safety services

In most countries, a number of different gov-
ernment departments concerned with
health, veterinary medicine, agriculture and
fisheries, trade, industry and environmental
health are involved in food safety services.
The enforcement of food legislation reflects,

9.2 Food Safety Regulations,
Services and Information
Systems

in general, these departmental divisions at
central and local levels. In addition, respon-
sibility is very often shared by two or more
departments without formal provision for in-
tersectoral coordination, leaving some areas
with ill-defined preventive strategies or inef-
fective implementation of control measures.

During the last decade, there has been an
increased tendency on the part of European
countries to tackle food safety issues on an
international basis, either within organiz-
ations such as the EU or under the aegis of
such bodies as the Codex Alimentarius
Commission and subsidiary organizations.
The EU internal market arrangements, in-
cluding community legislation on foodstuffs,
rely on the recommended food standards of
the Codex Alimentarius Commission, if
these are available. The EU member states
and most other countries of Europe use the
Regional Codex Coordinating Committee
for Europe as an international forum in
which to exchange information on the organ-
ization and operation of their national food
safety services, and to reach agreement on
European food standards.

Food safety personnel

A recent survey conducted to obtain in-
formation on the current standard of train-
ing provided for food inspectors revealed a
very complex situation in Europe. The WHO
European Network of National Focal Points
on Food Inspection provides information to
responsible authorities on all important as-
pects of food inspection, including guide-
lines for the training of food safety person-
nel. Such approaches are especially import-
ant for countries outside the EU that export
or import food, and that seek to fulfil the
requirements of relevant directives.

Food safety information systems

In the health field, international information
is used for decision-making at the European
level as well as at the national and local le-
vels. National administrations need fast ac-
cess to comparable and easily interpretable
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data from other European administrations.
In the case of emergencies there is a strong
need for an early warning system (rapid
alert system) that can be used by all respon-
sible authorities to provide or obtain ur-
gently needed information to or from other
sources. In view of the international dimen-
sions of food safety, efficient information
systems must be available that allow each re-
sponsible authority to retrieve relevant in-
formation direct from the source by means
of up-to-date telematic communication.

Foodborne diseases caused by pathogenic
microbial contaminants remain important
public health issues. Salmonellosis has in-
creased dramatically in many European
countries, and other diseases thought to be
eradicated (such as tuberculosis and brucel-
losis transmitted through raw milk and tri-
chinosis through pork products) may now be
regaining importance. A cause for concern is
small-scale food trade with countries where
traditional zoonotic agents are still of im-
portance.

The increase in foodborne infections
caused by bacteria is due to several factors.
“Artificial” factors, such as changed or more
effective reporting systems for foodborne in-
fections, are likely to be relatively important.
Better identification techniques for micro-
bial agents may also be relevant, especially in
cases where no causative agent could form-
erly be found, e.g. the improved detection of
newly recognized agents such as Listeria spp.
and Escherichia coli.

Changed consumer and/or eating habits
have contributed to the increase. Examples
are the increased preference for raw or less
processed milk products, and the depend-
ency of a growing proportion of the popu-
lation on large-scale catering that results in a
much higher number of affected people than
would arise at the household level.

9.3 Microbiological
Contamination

Improved food technology processes giv-
ing food products a longer shelf-life may in-
crease the risk that microorganisms recon-
taminate food and/or even multiply during
storage. Other factors often considered cau-
sative are the mishandling of food (es-
pecially processed and packaged varieties),
improper cooling or freezing conditions at
the household level, and the assumption that
packaged food is much less sensitive to
microbial contamination than fresh food.

All the above reasons have certainly con-
tributed to an increase in foodborne infec-
tions but there are other, more important
factors. One of these is the international
trade in food and also in feedstuffs, which re-
sults in a much more extensive spread of po-
tentially dangerous agents. An example is
that of the rapid growth since 1985 in the
number of outbreaks of foodborne infections
due to Salmonella enteritidis throughout the
WHO European Region. International tour-
ism may contribute in two ways to an in-
crease in foodborne infections. On the one
hand there are problems of adaptation by
tourists in the host country where they are
exposed to “unusual” microbial agents,
sometimes under the exacerbating influence
of “unusual” food or cooking methods (tour-
ists coming to the Mediterranean area from
the rest of Europe or North America are
thought to run a 20-fold higher risk of devel-
oping diarrhoea than in their home coun-
tries; see also Chapter 7). On the other
hand, they may be affected by the import-
ation of “unusual” agents into their host
countries or into their home countries.

Three of these factors (changes in eating
habits, changes in food technology and im-
portation of unusual agents), together with
changes in population sensitivity, may also
provide some explanation for the emergence
of “new” foodborne diseases.

All the reasons mentioned above for an in-
crease in foodborne infections refer mainly
to the consumer but the centralization of
food production, with a few companies pro-
ducing a large proportion of a food for whole
regions, plays the most important role. This
is especially true in the production of food of
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animal origin, with an enormous concen-
tration of poultry and egg production invol-
ving the rearing of millions of animals close
together under the same conditions. In some
European countries poultry and egg prod-
ucts are the most important carriers of sal-
monella, contributing to the increased
number of outbreaks of especially S. enteriti-
dis infection.

Since 1985 there has been a rapid increase
in outbreaks of foodborne infection caused
by S. enteritidis, but very few really effective
measures have been undertaken to combat
this increase. Application of rigid veterinary
epidemic control measures (i.e. killing the
whole flock at a production site) is one op-
tion for curtailing the spread of an epidemic
throughout a region. The cost of such action
may be enormous, but the cost of remedying
the problem at a later stage, even if possible,
would almost certainly be immensely higher.
A good example of how effective the policy
of salmonella-free flocks can be is the so-
called Swedish model, which resulted in a
drastic decrease in foodborne infections due
to salmonella. This approach is now being
adopted elsewhere in the Region. Another
tool that could be employed to combat the
problem is the consequent application of the
Hazard Analysis and Critical Control Point

(HACCP) concept at all stages of food pro-
duction.

9.3.1 Current situation

The WHO Regional Office for Europe re-
quested its Member States to provide data
for this report on microbiological contami-
nants. Only a few countries provided data
that could be evaluated in a tabulated form,
although all responses reflected similar prob-
lems with various groups of foods and their
contamination with pathogenic microorgan-
isms.

Bacteria

Salmonella

Contamination of foods with salmonella is
the predominant problem that can be traced
from farm level to the final product. The bac-
teria are prevalent in farm animals, and sal-
monellosis is now considered to be the most
important foodborne disease.

Poultry, eggs and egg products in particu-
lar are contaminated with S. enteritidis PT 4,
which is the dominant cause of human sal-
monellosis in Europe. Cross-contamination,

Table 9.1: Isolation rates of salmonella from various foods in selected European countries
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undercooking and inadequate cooling pro-
mote the spread and growth of salmonella
during processing and handling, and in-
crease the risk for the consumer.

Table 9.1 was compiled from the data re-
ceived by WHO and reflects the percentage
of positive salmonella samples encountered
during food inspection, in six European
countries. Several factors make interpre-
tation of such data difficult.

1. Countries may have different sampling
and investigation procedures within their
national food inspection systems.

2. Different contamination rates of a listed
food group may be explained by the fact
that food items of the same origin but pro-
duced by different technologies are
grouped together.

3. Real differences in levels of contamination
may exist between countries. Salmonella
contamination of indigenous poultry prod-
ucts in Norway and Sweden, for example,
is reported to be extremely low, while sal-
monella-positive samples are frequently re-
ported for imported foods.

Listeria monocytogenes

In recent years L. monocytogenes has been
recognized as a new foodborne pathogen. It
can be detected in a number of foods such as
meat, sausages, poultry, milk, milk products,
vegetables, prawns and fish products.

This agent can also be isolated from ani-
mal feed, silage, soil, sewage, rivers, veg-
etable matter, insects, and human and other
animal tissues. In fact, the wide variety of
L. monocytogenes-contaminated foods of ani-
mal origin is not primarily the result of pre-
vious infection of the living animal, but
rather the consequence of contamination
from the environment of food processing
plants. L. monocytogenes is extremely well
adapted; its high salt tolerance and resis-
tance to nitrites permit its survival in many
kinds of processed food, and it is able to
multiply at temperatures usually recom-
mended for the storage of perishable food.

L. monocytogenes cannot be eradicated

from the environment, and its wide distribu-
tion in various foods causes major problems
for food inspection authorities. The situation
is complicated by the fact that the minimum
dose needed to cause infection is not known.
Given the wide prevalence of the bacterium
in foods but the low incidence of infection,
there is reason to assume that a health risk
exists only in the presence of high bacterial
counts and/or impaired host resistance. On
this basis, some countries have established
practical control levels to reduce contami-
nation as much as possible; others have fo-
cused primarily on education, particularly of
those considered to be susceptible to infec-
tion such as immunosuppressed people and
pregnant women, about avoiding certain
foods such as raw foods of animal origin.

Campylobacter

This bacterium is the leading cause of gas-
trointestinal infection in some European
countries. It is widely distributed, particu-
larly in the living environment, and can be
isolated from, for example, poultry, fish, fish
products and raw milk. The routes of trans-
mission are not yet clearly understood. It
does not multiply in food and dies off rapidly
in a dry environment.

Most outbreaks have been caused by raw
or underpasteurized milk or contaminated
water, as well as the consumption of raw or
undercooked meat or poultry; recontami-
nation after cooking can occur. The intro-
duction of pasteurisation of raw milk in Scot-
land in the early 1980s led to the efficient
elimination of this pathogen from milk.
Elimination of Campylobacter spp. from
poultry by irradiation has been proposed.

Cholera

The direct or indirect transfer of Vibrio chol-
erae from the faeces of infected people to
food and water is recognised as the most im-
portant contamination route. The cholera or-
ganism may also persist in certain aquatic
environments; shellfish and crustaceans, for
example, may be persistently or intermit-
tently contaminated even in the absence of
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recent exposure to human faeces. Refriger-
ation and frozen storage limit the multipli-
cation of V. cholerae but may prolong its sur-
vival.

The EU and other countries follow WHO
guidance on the control of cholera [1]. To
date, V. cholerae has not been isolated in Eu-
rope from foods imported from cholera af-
fected regions. This confirms an earlier
WHO statement that food in international
trade has rarely proved significant in the
transmission of cholera [2].

Aeromonas

Bacteria of the Aeromonas group were
chiefly known as causative agents of fish dis-
eases, but in the last fifteen years have been
recognised as agents of human infections –
affecting wounds and the respiratory and uri-
nary tracts, for example. Gastrointestinal dis-
eases of mild or of cholera-like character
have also been reported in patients of all
ages, particularly in warm climates.

The bacteria can frequently be found in
foods with a high water content, such as sea-
food, milk, dairy products, meats and veg-
etables. They can also be detected in fresh-
water reservoirs, surface water, natural min-
eral springs, marine water environments,
and insufficiently chlorinated domestic
water supplies. They can grow at the low
temperatures (under 5 �C) that are import-
ant for food hygiene. Examination for Aero-
monas spp. is not yet routinely included in
food monitoring.

Escherichia coli O157:H7

Since 1982 this type of E. coli has been rec-
ognized as an important human pathogen.
Effects can range from subclinical infections
through mild to severe diarrhoeal disease.
Fatal outcomes have been reported. The
major food vehicle is probably undercooked
beef. Illnesses, however, have also been
linked to raw milk and water. Cattle seem to
be the most important host for this type of
organism and are symptomless carriers; up
to 6% of animals have been found to excrete
the agent. As E. coli is difficult to identify in

raw meats, routine monitoring should con-
centrate on the screening of farm animals to
identify positive herds. Food handlers
should be made aware of any potential risk,
and consumers be informed about the poten-
tial hazards of eating raw or undercooked
beef.

Parasites

Cryptosporidium is recognized as an import-
ant cause of severe diarrhoeal illness in hu-
mans, particularly immunocompromized
people, and in animals. Cattle, sheep, goats,
pigs and horses are important reservoirs for
the parasite. At one stage of the parasite’s
life cycle oocysts are excreted in the faeces.
These are remarkably resistant to common
disinfectants and can survive sewage and
water treatment (filtration and chlorina-
tion). Known routes of transmission are per-
son-to-person, animal-to-person and faecal
contamination of the environment, particu-
larly by fertilization of crops with sewage
sludge or wastewater irrigation. Waterborne
diseases due to Cryptosporidium spp. are well
documented. Consumption of foods treated
with polluted water, or raw foods of animal
origin, should be considered as potential
sources of infection. Control of cryptospori-
diosis depends primarily on breaking the
chain, i.e. preventing contamination of sur-
face water and drinking-water by appropriate
waste and manure control at the farm. Im-
munocompromised patients in particular
should pay attention to proper heat treat-
ment of meat and must avoid raw milk. The
contamination of food by Cryptosporidium
spp. is currently difficult to detect and moni-
toring cannot be routinely carried out.

Opisthorchis, a type of trematode or liver
fluke, is now recognized as an important
foodborne parasite in eastern parts of the
Region. It gives rise to mechanical obstruc-
tion of the biliary tract with resulting inflam-
mation and infection, and a long-term risk of
developing cancer in the liver (cholangiocar-
cinoma). Mammalian hosts include do-
mestic and wild animals as well as humans.
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Two types of intermediate host are involved:
the first freshwater snails that take up the
eggs excreted in mammalian faeces, and the
second freshwater fish, particularly carp,
which are host to the larvae. Eradication
therefore presents difficulties, but preven-
tion of human infection could be achieved by
avoiding consumption of raw or inad-
equately cooked freshwater fish.

Viruses

Hepatitis

The most frequently reported foodborne
viral disease is hepatitis A, formerly called
“infectious hepatitis”. The virus is trans-
mitted by the faecal–oral route, with the ma-
jority of transmissions occurring by person-
to-person contact. Outbreaks of hepatitis A
in several areas due to water or, for example,
raw milk, shellfish, custard and lettuce, are
well documented. Polluted water, sewage
and hepatitis-infected individuals serve as
the sources of food contamination.

Shellfish grown in contaminated water
may accumulate the virus. Strict regulations
for monitoring shellfish water quality has
proved to be more effective than examining
shellfish for viruses.

Bovine spongiform encephalopathy (BSE)

BSE is a disease of cattle with similarities to
scrapie in sheep and goats and to certain
sporadically occurring human encephalo-
pathies.

The disease was first recognized in the
United Kingdom. Its infective principle
(virus or infective protein) is still debated.
The epidemic occurrence in cattle raised the
question of whether food of bovine origin
can transmit the disease to man. At present
there is no scientific evidence for this. How-
ever, regulations have been implemented to
protect consumers against such a risk from
food of bovine origin, medical instruments
used on cattle, or occupational contact with
cattle. Further research is needed to eluci-
date the nature of BSE, its relationship to

similar diseases in man and other animals,
and its potential transmission through food
of animal origin.

Some additional infective agents are dis-
cussed, as agents of outbreaks of foodborne
disease, on page 251.

9.3.2 Control measures

Primary production

To minimize risks to food safety during food
production and processing, as well as at re-
tail outlets, extensive food legislation has
been developed at national and international
levels (for example by the Codex Alimenta-
rius Commission and the EU). It would be
desirable to link food legislation with pri-
mary production in order to reduce micro-
bial contamination of food of animal origin
at the farm. Harmonization of food legis-
lation and agricultural regulations is there-
fore required.

Essentially, preventive measures at the
farm are related to:

• animal housing
• farm management
• hygienic measures (e.g. feed, manure

handling, cleaning and disinfection)
• vaccination where applicable (e.g. against

salmonella).

National and international competition in
agricultural trade may make it difficult for
farmers to institute hygienic measures that
have consumer protection in mind rather
than cost-effective agricultural production.
Some countries such as Sweden, however,
have shown that it is possible to reduce sub-
stantially the occurrence of salmonella in the
food-chain from primary production up to
the final product. Apart from specific
measures, a substantial component of the
control programme is monitoring for sal-
monella at the farm and throughout the pro-
duction chain.

The EU has developed a zoonoses direc-
tive [3] that links public health aspects and
primary production measures. At present it
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focuses mainly on the control of salmonella
in poultry, but it also provides a system for
controlling other zoonotic diseases such as
brucellosis, tuberculosis and Campylobacter
infection. Improved cooperation between
veterinary and food inspection services is
required for its implementation.

Food processing

Growing international trade has resulted in
modifications of food control principles, in-
cluding the responsibility of the producer for
systematic inspection during food processing
and of food inspection services to check at
random the efficiency of the producers’ in-
spection systems.

If certification is to supplement tradi-
tional food inspection and food safety pre-
cautions during processing, it must necess-
arily include the HACCP concept. The
broad implementation of HACCP will also
help small-scale local food industries and re-
tailers to improve food hygiene, while at the
same time increasing the efficiency of offi-
cial food inspection services. The certifi-
cation of food processing plants will supple-
ment, but not substitute for, official food in-
spection systems.

Irradiation

Modern food technologies such as irradi-
ation are able to eliminate microorganisms
present in foods at the time of treatment.
Concern has been expressed that irradiation
of an end-product such as raw poultry will re-
duce the adoption of preventive measures
against salmonella or Campylobacter in pri-
mary production. If farmers were demoti-
vated to combat agents that have no rel-
evance for production, the uncontrolled in-
fection rate in poultry would increase. It can
be anticipated that other means of trans-
mission to man would occur in such circum-
stances. Minimizing the occurrence of pa-
thogenic agents in living animals will remain
the most appropriate measure for safeguard-
ing consumers. Irradiation of the end-prod-

uct, however, can provide additional protec-
tion in some circumstances.

Monitoring

Monitoring systems for foods have been es-
tablished for chemical contaminants such as
heavy metals, pesticides and herbicides. A
good example of monitoring for biological
metabolites (toxins) in foods are the systems
for the detection of paralytic shellfish poi-
soning and diarrhoeal shellfish poisoning.
The food component of the Global Environ-
mental Monitoring System (GEMS/Food)
considered in 1991 including microbiologi-
cal contamination of food items in its spec-
trum; the first feasibility study has been initi-
ated.

With respect to microbiological hazards
during food processing, monitoring is an in-
tegral part of the HACCP system. Monitor-
ing provides an active control, since it is
used to detect problems at early stages in the
process and allows corrective action to be
taken before a defective end-product results.

Current programmes for end-product
examination do not fulfil the requirements of
monitoring systems for microbiological con-
taminants, which should consider (a)
whether foodborne disease-causing agents
are introduced with the raw material or dur-
ing manufacture and subsequent handling;
(b) whether, depending on the product and
the process, microorganisms multiply, sur-
vive or die off; and (c) whether transport and
storage may permit further microbiological
contamination, growth, survival or death. To
consider all these aspects, a monitoring sys-
tem would have to follow extremely complex
sampling and examination procedures. Even
then, monitoring could only reveal the status
quo, which could change during the shelf-life
of a product.

Until these problems are solved, it seems
advisable to promote early warning/alert sys-
tems such as the already existing EU system.
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9.3.3 Foodborne diseases due to
microorganisms

Background

The network of national contact points
within the WHO Surveillance Programme
for Control of Foodborne Infections and In-
toxications in Europe has reported a dra-
matic increase in cases of foodborne disease
during the last eight years [4]. The World
Health Organization, through its Regional
Office for Europe in Copenhagen, initiated
this Programme, whose main objectives are:

• to identify the causes of foodborne dis-
eases and to delineate factors contributing
to the spread of those diseases;

• to make available and distribute relevant
surveillance information;

• to cooperate with national authorities in
identifying priorities and using resources
to meet both emergency and other needs
in the prevention and control of food-
borne diseases.

In 1981, eight European countries actively
participated in the Programme; by 1991 all
30 Member States of the WHO European
Region as it was then were taking part. Some
of the new Member States in the CCEE and
NIS already contribute actively to the Pro-
gramme, while others are still in the process
of reorganizing their national disease repor-
ting system. The Institute of Veterinary
Medicine (Robert von Ostertag-Institut) of
the Federal Health Office in Berlin acts as
the coordinating centre.

An officially designated central contact
point in each country collates and evaluates
national data on cases and outbreaks of
foodborne diseases and reports these data to
the Berlin centre. Here all national data are
aggregated in annual reports indicating the
foodborne disease situation in Europe [4,5].

Reporting systems

The notification of certain infectious dis-
eases is legally required in all countries. In a

few countries (England & Wales, Scotland,
Spain) foodborne diseases are included but
only information on the number of cases is
provided, without details of causative agent,
food involved, etc. It is estimated that only
1–10% of all cases of foodborne disease will
be reported. This means that the figures for
statutorily notified cases and the calculated
incidence rates have to be multiplied by a
factor of at least 10 to reach the “true”
number of cases and incidence.

Other sources of information are sentinel
and community studies. All cases of gas-
troenteritis that have come to the attention
of doctors in a given area for a given period
are recorded. The result is then extrapolated
to the total population (sentinel study). A
community study can demonstrate the
number of people reporting each gastrointes-
tinal complaint. By interpolation, the true
incidence of gastrointestinal diseases in the
total population can be calculated.

More valuable background information in
terms of causative agents, foods involved and
places where the food was contaminated, ac-
quired or consumed can be obtained from re-
ports of epidemiologically investigated out-
breaks. Reports from local or central refer-
ence laboratories provide additional in-
formation.

Frequency and trends of foodborne
diseases

Salmonellosis is still the most important
foodborne disease, and cases of salmonello-
sis are relatively the best notified in most
countries. Table 9.2 shows incidence in sev-
eral European countries since 1985.

There has been a considerable increase of
cases of salmonella infection in nearly all
countries since 1985. The incidence in many
countries has more than doubled, and in
some of these it is still on the increase.

The previous predominance of salmonel-
losis among gastrointestinal infections has
currently undergone a change in some coun-
tries. In the Netherlands, the number of in-
fections due to Campylobacter is about three
times higher than those due to salmonella. A
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similar situation exists in England & Wales,
where in 1989 Campylobacter infections
rated first with 32 526 cases, followed by sal-
monellosis with 24 649 cases and rotavirus
infections with 13 340 cases. Scotland re-
ported for 1992 a total of 4915 cases of cam-
pylobacteriosis compared to 3625 cases in
1990. Single cases or small family outbreaks
are typical of Campylobacter infections.

Sentinel and community studies

To measure the real incidence and causes of
foodborne disease, the National Institute of
Public Health in the Netherlands carried out
a sentinel study involving 42 general practi-
tioners, 2 local public health services, medi-
cal laboratories and the National Institute
itself [6]. The 5-year study reported an an-
nual incidence of 15 cases of gastroenteritis
per 1000 population in general practice. The
total population of the Netherlands is 15 mil-
lion. By extrapolation, the total number of
gastroenteritis cases seen in general practice
throughout the country can be calculated as
225 000 yearly. The number of infections
due to Campylobacter was about three times

higher than the number of cases of salmonel-
losis.

However, because a sentinel study of gen-
eral practice only reports cases in which a
doctor was consulted, no incidence can be
obtained for the total number of foodborne
diseases in the population. A community
study was carried out in 1991 in the Nether-
lands, in which the number of people suffer-
ing from gastroenteritis and the number of
patients consulting a doctor for these com-
plaints was documented, and the isolation
rates for salmonella and Campylobacter in
the population and in general practice were
compared.

This study of almost 2000 people, over a
4-month period, showed an incidence of 150
cases per 1000 population per year, indicat-
ing that more than 2 million people suffer
yearly from gastroenteritis in the Nether-
lands but only some 10% (250 000) visit a
general practitioner. The number consulting
a doctor seemed to correspond with the
number of cases calculated in the sentinel
study. Based on the laboratory results of the
sentinel study, it is concluded that at least
half of the cases are related to foodborne or

Table 9.2: Incidence of salmonellosis (reported cases per 100000 inhabitants)
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waterborne diseases – more than 1 million
cases per year in the Netherlands.

Epidemiological investigations

Epidemiological investigations of outbreaks
of foodborne disease usually provide details
about causative agents, implicated foods,
places where the food was contaminated, ac-
quired or eaten, and on factors that may
have contributed to the outbreaks. This in-
formation is necessary for the implemen-
tation of appropriate control measures.

Causative agents

In epidemiologically investigated outbreaks
of foodborne diseases, salmonella is still the
most commonly implicated organism. Sta-
phylococcus and Clostridium are the next
most important causative agents. Campylob-
acter is not often reported as a causative
agent in outbreaks, although in some coun-
tries this organism is found in gastrointesti-
nal infections more frequently than salmon-
ella. Campylobacter causes illness resembling
salmonellosis.

Botulism normally occurs as single cases
or small family outbreaks involving only a
few people, although it may more frequently
be fatal than other gastrointestinal infec-
tions. It is mainly due to the consumption of
home-made canned meat or vegetable prod-
ucts that have been insufficiently heat
treated, or of large pieces of meat such as
smoked ham, especially if no nitrite was used
during processing to inhibit outgrowth of
spores of the microorganism.

Infections with E. coli 0157:H7 seem to
have increased, although only a few data are
available at present. In the United States, in-
sufficient cooking of beef probably con-
tributed to the outbreaks. In Canada, milk
and cold sandwiches have been associated
with outbreaks, and in the United Kingdom
turkey rolls were cross-contaminated by raw
beef and raw potatoes.

L. monocytogenes has caused few but very
severe outbreaks of foodborne disease dur-
ing recent years. The bacterium is present in

a wide range of foods but causes disease in
immunosuppressed people that may take the
form of septicaemia or meningitis. It also
poses a particular hazard to pregnant women
and may cause abortion or stillbirth. The
fatality rate is about 30%. Outbreaks oc-
curred in Switzerland after consumption of a
special brand of cheese produced in a li-
mited area of the country. In the United
Kingdom, liver paté was found as the respon-
sible food item. France was hit by a nation-
wide outbreak in 1992 due to consumption
of jellied pork tongue; 275 people were af-
fected, of whom 56 died.

Turkey reports cases of brucellosis to have
increased from some 1000 in 1985 to 3000
in 1989. Malta also reports cases of brucello-
sis, of which the majority are foodborne in
origin. Home-made cheese products have
been a means of transmission. The major
sources of infection are unpasteurized dairy
products from infected cattle and goats.

Trichinosis (resulting from infection with
the parasite Trichinella spp.) occurs in Po-
land, with some 100–300 cases every year. In
Romania, between 300 and 947 cases per
year were reported to the health authorities
during 1985–1989, and in Bulgaria 8 out-
breaks with a total of 206 cases were rec-
orded in 1990/1991. In Lithuania, 498 cases
of trichinosis occurred in 1990/1991. The
former Yugoslavia reported about 20 cases
per year and in Spain 5 outbreaks occurred
in 1990/1991. Undercooked pork is the most
usual source of infection. In France in 1991,
seven cases of trichinosis occurred caused by
the consumption of horse meat. The illness
may be mild or severe and, in addition to gas-
trointestinal symptoms, muscular and neur-
ological symptoms may develop. Fatalities
have been reported.

About 2 million people in the Russian
Federation are estimated to be infected with
foodborne trematodes (Sergiev, V.P. et al.,
unpublished data, 1993). In particular, opis-
thorchiasis is a public health problem in Ka-
zakhstan, the Russian Federation and Uk-
raine, with a prevalence of up to 40% in
most endemic areas and even higher in cer-
tain others (Sergiev, V.P. et al., unpublished
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data, 1993; Iarotski, L.S. & Be’er, S.A., un-
published data, 1993).

Foods involved in outbreaks

The foods most often involved in outbreaks
are meat and meat products, poultry, eggs,
egg products and foods prepared with or
containing eggs, such as mayonnaise, des-
serts, cream fillings and certain types of
pudding. Eggs and egg-containing dishes are
mainly associated with salmonella, which is
well adapted to poultry. Cereal products are
associated with Clostridium. Consumption of
raw, frozen, salted, smoked or inadequately
cooked freshwater fish is associated with
opisthorchiasis.

Place where the food was contami-
nated, acquired or eaten

Mass catering establishments such as can-
teens, restaurants, schools, kindergartens,
homes for elderly people and hospitals are
the main places where outbreaks of food-
borne disease arise. The food may be con-
taminated on site by improper handling, or
raw or already prepared food materials may
have been previously contaminated else-
where. Smaller establishments caring for
only a limited number of people, including
private households, are increasingly import-
ant as sites of infection. Training of person-
nel in food hygiene may be better in larger es-
tablishments.

Factors contributing to foodborne
disease

The identification of contributing factors,
necessary for the introduction of appropriate
preventive measures, requires well trained
personnel to investigate outbreaks on the
spot. From the reports received by WHO, in-
sufficient refrigeration or cooling was the
most frequent factor. Other factors men-
tioned are inadequate heat treatment, cross-
contamination, inadequate hygiene of per-
sonnel and use of ingredients from unsafe
sources.

Social and economic impact of
foodborne disease

The information gathered through the WHO
Surveillance Programme for Control of
Foodborne Infections and Intoxications in
Europe clearly indicates that foodborne dis-
eases are among the most frequently re-
ported and that their occurrence has in-
creased during recent years in most Euro-
pean countries. Since the course of such dis-
ease is normally mild and recovery quite
rapid, the consequences of foodborne dis-
eases are often underestimated. Public and
official attention results only when there are
outbreaks involving a large number of people
and when these are fatal cases. Considerable
underreporting creates difficulties for the
realistic consideration of the social and
economic impact of foodborne diseases.

Attempts have been made in Canada [7],
England & Wales [8] and the United States
[9–11] to estimate the costs of cases and out-
breaks of foodborne disease, despite the un-
certainties in the available data.

In England & Wales, a national survey by
questionnaire was carried out of 1482 cases
of salmonellosis officially reported between
August 1988 and March 1989. Information
was sought about costs imposed upon the
public sector, on industry and on individuals
and their families, and on the costs to the
wider economy in terms of lost production.
Costs for the public sector include the health
sector, with costs for the direct or indirect
care of patients, and for public health and
hospital laboratories and environmental
health services involved in the investigation
of the illnesses. Costs to industry comprise
the loss of productivity of sick workers and
those who are off work to care for them, and
additionally for those who stay away from
work in order to avoid transmission of infec-
tion. It includes loss of business, productiv-
ity and reliability of companies; whole
branches of industry may possibly be in-
volved in an outbreak. Individual and family
costs are those that arise from limitations in
carrying out normal daily activities and from
acute and chronic suffering and sometimes



Chemical Contamination 253

death. The results of the study, on a cost-per-
case basis, are shown in Table 9.3.

The range in costs per case was very wide
and was particularly sensitive to the cost of
hospitalization and to lost production. Thus,
for those admitted to hospital, treatment
costs ranged from £119 for a patient ad-
mitted for one day to over £4000 for a pa-
tient in hospital for 34 days. This had a chain
reaction effect, resulting in corresponding in-
creases in travel costs to families and friends
visiting the patient. Similarly, for patients in
paid employment, the costs of lost productiv-
ity ranged widely depending on the number
of days off.

Based on the 23 000 reported laboratory
confirmed cases of salmonellosis in 1988,
public sector costs would have been about
£6.8 million, while costs to industry from
lost production would have been £9.5 mil-
lion. These are underestimates of the true
costs since they take no account of costs of
unreported cases, or of estimates of costs of
general discomfort, any longer-term sequelae
of infection, or lives lost.

This study did not estimate the cost of sal-
monellosis to firms that might be involved in
an outbreak. Other studies have indicated
the enormous sums that have been lost, es-
pecially when there was withdrawal of prod-
ucts and closure of factories.

Estimates from the United States, as well
as those from the United Kingdom, clearly
indicate that foodborne diseases are a tre-

Table 9.3: Costs per case of salmonellosis in the
United Kingdom (England & Wales)

mendous cost factor for society due to the
high number of people affected each year.
On the basis of the United Kingdom esti-
mates of costs per salmonellosis case and
the results of the Netherlands sentinel and
community study, it can be estimated that
for the Netherlands, with a population of
about 15 million, total annual costs are
around £790 million. Such a calculation may
be debatable, but it is based on figures from
serious studies and at least indicates the
magnitude of the problem of foodborne dis-
eases in social and economic terms.

The annual economic losses due to food-
borne trematode infections in the Russian
Federation are estimated to be in excess of
US $770 million (Sergiev, V.P. et al., unpub-
lished data, 1993).

Considering the wide range of foods con-
sumed (whether as staples, speciality foods,
seasonal foods, or spices and condiments),
the number of contaminants and the number
of countries within the WHO European Re-
gion, thousands of combinations are poss-
ible. In some countries, data analysis and
time trends are difficult to establish because
of the paucity of data.

Data from responses to the Concern for
Europe’s Tomorrow protocol, the GEMS/
Food data bank, national reports, sectoral re-
ports and the scientific literature have been
used to prepare the following evaluation.
Data related to national foods and imported
foods are reported separately where possible.
Data interpretation in terms of effects on
human health is further complicated in some
parts of the Region by the fact that the food
supply itself undergoes periodic shortages,
with consumption of substandard food, es-
pecially by the poor. Even within otherwise
affluent sections of Europe, the position of
vulnerable and underprivileged groups needs
to be specifically evaluated. Changes in
political, economic and administrative sys-

9.4 Chemical Contamination
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tems may also affect the extent to which
chemically contaminated food may be con-
sumed.

Priority contaminants considered in this
report include:

• metals: lead, cadmium, mercury and ar-
senic

• industrial substances: polychlorinated bip-
henyls (PCBs)

• nitrates
• mycotoxins: aflatoxins and ochratoxin A
• polychlorinated pesticides: DDT, hexach-

lorobenzene (HCB), hexachlorocyclohex-
ane (HCH) and aldrin/dieldrin

• organophosphorus pesticides.

Related health effects are discussed in
Chapters 10 and 18.

The Food Contamination Monitoring and
Assessment Programme (GEMS/Food) is a
component of the Global Environment
Monitoring System (GEMS) established by
the United Nations Environment Pro-
gramme (UNEP) jointly with WHO and the
Food and Agriculture Organization of the
United Nations (FAO). The major objectives
of the programme are to collect, assess and
disseminate information on levels and trends
of contaminants in food, the magnitude of
dietary exposure, and significance with re-
gard to public health. Such information en-
ables preventive and control measures to be
initiated at national level to reduce health
impacts. Since the early 1990s, a specific
component of GEMS/Food applicable to
and developed by the WHO Regional Office
for Europe has been established (GEMS/
Food-EURO). Its remit is comparable with
GEMS/Food but includes mycotoxins other
than aflatoxins, nitrates and radionuclides,
but not microbial contamination of food.
Food safety cannot be guaranteed solely on a
national basis; food contamination in one
country may affect people in other countries
via food exports or imports. International
and regional programmes are therefore
required to ensure food safety for the con-
sumer.

9.4.1 Current situation

Metals

Cadmium

As food is the main exposure pathway for
cadmium, much attention has been given to
this element from areas where industrial con-
tamination and the use of cadmium-contain-
ing phosphate fertilizers and sewage sludge
have been extensively used. Analysis of
archived soil samples has shown that cad-
mium concentrations in topsoil have in-
creased during the last century. Plant uptake
of cadmium depends on soil factors such as
acidity and on the plant cultivar. The lowest
cadmium levels are in milk, eggs, fruit and
meat muscle. Levels in potatoes and other
vegetables are higher, together with cereals
and grains (although considerably higher
values have been found in grains grown in
areas with high metal emissions in the
former German Democratic Republic) [12].
Levels of cadmium in shellfish are appreci-
ably higher than in fish. High levels are also
found in animal kidneys.

Lead

Lead is one of the most frequently moni-
tored contaminants in food. Emphasis has
been placed on monitoring staple foods such
as potatoes, wheat and rice, leaf vegetables,
canned foods and shellfish. Monitoring of
infant foods is also important, since lead le-
vels are of special health concern at this age.
Lead concentrations in food items vary
markedly depending on location (crops from
urban areas generally contain higher concen-
trations of lead than those from rural areas),
emission sources (surface lead deposition
can contaminate leaf vegetables) and pro-
cessing methods. Levels of lead are generally
low in milk, higher in cereals, vegetables and
meat muscle, higher again in kidney, liver
and fish, and highest in shellfish.

Where vegetables are grown in industrial
and mining areas, or close to roads where
leaded petrol is used in automobiles, very
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high levels (around two orders of magnitude
greater than normal) can be detected mainly
from atmospheric deposition of particulates.
Food in lead-soldered cans can contribute
substantially to intake, although an increas-
ing number of countries have changed to
using non-leaded cans.

Lead in tap water may also add a consider-
able amount of lead to the dietary intake,
where soft (acidic) water is supplied through
lead piping.

Arsenic

The highest concentrations of arsenic are
found in fish and shellfish, followed by poul-
try. Values may be high in poultry if they
have been fed on fish meal or, in some coun-
tries, on arsenic-containing growth-stimulat-
ing substances. Foods of vegetable origin
and those from other animals generally con-
tain lower concentrations. Most of the ar-
senic found in food is in organic form. The
organic arsenic compounds in seafood are of
relatively low toxicity, but health effects in
animals have been reported following expo-
sure to arsanilic acid as a feed additive. The
different inorganic and organic forms of ar-
senic have quite different toxicities as a re-
sult of different chemical properties and the
stability of the compounds formed.

Mercury

Mercury concentrations in food have been
extensively studied because of the adverse ef-
fects of methylmercury on the central nerv-
ous system [13] (see also Chapter 10). Fish
and shellfish are the main sources of methyl-
mercury intake by humans.

Polychlorinated biphenyls

Polychlorinated biphenyls are characterized
by environmental persistence. As these com-
pounds are fat soluble, they are widely de-
tected in food, milk, human milk and human
tissues.

Relatively high concentrations of total
PCBs have been routinely reported in a
number of food products, especially fish,

shellfish, meat and milk, predominantly
from industrial countries. Concentrations
are elevated in cod liver oil, which is usually
not included in consumption or dietary in-
take studies. The GEMS/Food data bank
contains an extensive collection of data illus-
trating differences in PCB levels among
foods and between countries [14].

Production of PCBs only ceased in the
former Czechoslovakia in the 1980s. Data
from the Czech Republic for 1991a show
that just over 24 % of more than 20 000
samples tested exceeded the regulatory limits
for PCBs. However, concentrations in food-
stuffs are decreasing.

Concentrations of PCBs in dairy milk and
butter in some countries, such as the Czech
Republic, are high and may exceed national
limits (Fig. 9.1). Nevertheless, concen-
trations are decreasing.

Nitrates

Vegetables and fruit may contain high nitrate
concentrations, which are partly influenced
by available soil nitrogen, crop variety and
growth conditions, including season (nitrate
can only be metabolized by plants in the
presence of sunlight). Nitrate levels are also
high in some meats, and may be comparable
to nitrite levels.

Nitrate in drinking-water also adds to the
nitrate intake. With the large local, national
and regional variations, its significance can
be small (where nitrate levels are low) or
considerable, exceeding the intake from veg-
etables when levels are high (exceeding
guideline values).

Mycotoxins

In addition to causing food losses, contami-
nation of foods by moulds such as Aspergillus
spp. can lead to the presence of aflatoxin.
The concentration of aflatoxin varies
markedly with farming practices, storage
conditions, insect damage and climate, as

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.
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well as with crop species and cultivar. WHO,
FAO and UNEP, either singly or in associ-
ation, have ongoing programmes dealing
with mycotoxin prevention and control in ag-
ricultural crops. Consequently, recent data
show lower aflatoxin concentrations. Better
analytical methods and increasing analytical
quality control have also contributed to
more accurate and reliable data.

Aflatoxins have been reported in a range
of tree nuts and in groundnuts (peanuts), in
grains such as rice, millet and maize, and in
pulses, spices and figs [16–18]. Peanut
butter may contain aflatoxins, and breakfast
foods prepared from contaminated grain
may, on occasion, contain measurable con-
centrations. Aflatoxins have also been re-
ported in fermented beverages and even in
dried fish.

Data from a number of countries,a par-
ticularly the CCEE, report a range of aflat-
oxin concentrations in foodstuffs, including
levels considerably in excess of 10 µg/kg. In
Lithuania, for example, of 309 domestic cer-
eals sampled 9 were positive with a mean of
135 µg/kg and a range of 0.5–500 µg/kg. In
Hungary on the other hand, of 301 cereal
samples 34 were positive with a range of

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

0.02–2 µg/kg. In Romania, 15% of the 547
domestic cereal samples analysed were
found to contain aflatoxins. Some countries
reported that up to 50% of imported ground-
nuts were contaminated, particularly in the
1980s, but data on aflatoxin contamination
more recently refer to materials for animal
feeds, thus indicating the successful appli-
cation of sound control methods designed to
reduce aflatoxin exposure of humans.

The mycotoxin ochratoxin A, produced by
some Penicillium and Aspergillus strains, is
being increasingly recorded in human food,
especially cereals such as rye and wheat, and
in imported coffee beans. The fungi are
found on growing crops but develop particu-
larly on crops in storage. Toxin production
depends on such factors as temperature and
humidity, especially during harvest. From a
climatological point of view Denmark, Ger-
many, Norway, Sweden and the United King-
dom are at risk, as are also the Danube low-
lands, Bulgaria, Romania and the former Yu-
goslavia. In Denmark during the wet autumn
of 1987, higher concentrations of ochratoxin
A were reported in grain compared with har-
vests in other years and with grain imported
from drier climates [19]. Ochratoxin A is
also found in foods of animal origin, such as
those from poultry and pigs that have been
fed contaminated feed.

Fig. 9.1: Concentration of PCBs in milk and butter fat at a location in the Czech Republic, 1991
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Pesticides

DDT

Of the organochlorine pesticides, DDT has
attracted much attention in the past. Interest
has declined in recent years, however, es-
pecially in western Europe, as concen-
trations have declined. DDT is fat soluble,
and concentrations in pork, beef and
chicken fat and in milk and milk products
are still reported by some countries. Data
from Poland show a decline in the DDT con-
tent of animal fats and human milk (Fig.
9.2). Comparable reductions have been
shown in Denmark and elsewhere [20].

Hexacholorobenzene

The widespread use of HCB as a fungicide
on cereals, coupled with its fat solubility, has

led to its widespread occurrence in dairy
milk, milk products and human milk. Indus-
trial discharges may also lead to the contami-
nation of seafood products.

Hexachlorocyclohexane

Technical grade HCH consists of a mixture
of isomers that have been used as a pesticide
in some countries. Gamma-HCH, commonly
known as lindane, is the most biologically ac-
tive isomer and is used more widely. Resi-
dues of this and other isomers have been
measured in a range of animal fats, dairy
milk, fish and vegetables.

Aldrin and dieldrin

Aldrin and its metabolic product dieldrin
have been reported in the GEMS/Food pro-

Fig. 9.2: Trend in contamination of human milk and animal proucts by DDT and its derivatives in Poland, 1969–
1988
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gramme for a number of years. Low levels of
contamination have generally been reported;
any contamination present is often below the
limit of detection. Concentrations are higher
in dairy milk and milk products, as well as in
human milk [14].

Organophosphorus and other pesticides

As organophosphorus pesticides are not
stable in the environment and are metabol-
ized by animals, residues occur in field crops
but not normally in food items or in foods of
animal origin.

Analytical data on pesticide residues in a
range of dietary staples, fruit and vegetables,
cereals and animal products have been pro-
duced in a number of countries for 100 or
more pesticides, and have been related to
national maximum residue levels (MRLs),
Codex Alimentarius Commission levels or
EU levels. National regulatory monitoring
data for Sweden [22] and the United King-
dom [23] show that the majority of the
samples contained either no residues or low
concentrations. Only a small percentage of
samples exceeded the MRL, including some
imported food items.

9.4.2 Exposure to chemical
contaminants

Estimates of the intake of contaminants
require food consumption data as well as
knowledge of the concentrations in the rel-
evant foods. Estimates of dietary intake vary
both between studies and between countries
owing to such variables as differences in type
of study, the general nutritional status of the
population, the nature of the consumers, dif-
ferences in diet, and whether drinking-water
is included.

Dietary intakes for vegetarians and for in-
fants and small children deserve special at-
tention. Data on human milk as well as
cow’s milk are given whenever possible. In-
formation about contamination of water

used for preparing milk for bottle-fed infants
is also important for assessing intake.

Dietary intakes of metals, nitrate, PCBs
and pesticides are also discussed in Chapter
10.

Metals

Cadmium

Average adult dietary intakes are shown in
Fig. 9.3. None of the mean intakes exceeds
the FAO/WHO provisional tolerable weekly
intake (PTWI) of 7 µg/kg body weight based
on a 50-year exposure period. However,
once-a-week consumption of mussels or kid-
neys, or some species of mushroom that ac-
cumulate cadmium, could result in a mean
intake that would approximate or exceed the
PTWI for those living in previously contami-
nated areas. Intake of cadmium in potatoes
and vegetables normally accounts for around
50–60% of total intake, with bread and cer-
eals next at around 10–30%.

Trends in intake over time are not clear; in
some countries they appear to be decreasing
while in others no trend is apparent.

Studies on intakes of cadmium in infants
and children have also been reported from a
number of countries. In general, results show
that the mean intakes of infants (12–24
months of age) may be close to or exceed
guideline values, while intakes for teenagers
are much lower and nearer adult intakes
[14,25]. Exceeding the guideline value dur-
ing infancy is not considered serious as these
values apply to regular intakes over a 50-year
period. Nevertheless, the intakes of special
consumer groups such as vegetarians and in-
fants deserve special attention. Cadmium in-
takes of breast-fed infants are lower than
those of infants fed soya-based formulae.

Lead

Food, and especially water, are major
sources of lead exposure. Average dietary in-
takes of lead by adults based on GEMS/
Food data are shown in Fig. 9.4 and range
from 1 to 33 µg/kg body weight per week
[26], which can be compared with the new
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PTWI of 25 µg/kg [27]. Dietary intake
studies more than a decade ago in Scotland
showed that around one third of the resi-
dents exceeded the PTWI because of high
lead levels in the water supply [28]. Lead in
canned beverages, drinking-water or alco-
holic drinks can account for over 50% of
lead intake. Cereals and fruit contribute the
next largest amount of lead to an average
diet. Although lead concentrations are high
in shellfish and animal products, their con-
tribution to the total dietary intake is small.

As a rough rule-of-thumb, the 95th percen-
tile of food consumers have an intake of lead
that is twice the average consumption of the
population as a whole [25]. In those coun-
tries with an average approaching the PTWI,
therefore, a proportion of the population
may exceed the PTWI.

Decreases in lead intake over time have
been reported for a number of countries, in-
cluding the United Kingdom, reflecting a de-
crease in the use of lead-soldered cans, lower
plumbosolvency in the water supply and the

Fig. 9.3: Average weekly dietary intake of cadmium by adults in 14 European countries

Fig. 9.4: Average weekly dietary intake of lead by adults in 14 European countries, 1980–1988
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use of unleaded petrol [27]. In other coun-
tries such as the former Czechoslovakia and
Hungary, no such trends are apparent.

In Poland, the intake of lead by children
living in industrial areas was double that of
children living in non-industrial areas. The
lowest lead intakes by infants are in those
who are breast-fed.

Relatively few countries report the dietary
intake of lead by infants and children. The
average dietary intake by infants and
children up to 12 years of age can exceed the
PTWI for lead from all sources. Concen-
trations of lead in the blood of bottle-fed in-
fants in an area of Scotland show a corre-
lation with lead intake from water [29]. Data
from Finland demonstrate that the mean in-
take for 12–24-month-old infants is 25 µg/kg
body weight per week, i.e. the same as the
PTWI [24] although intakes among 15-year-
old teenagers were much lower. Intakes by
infants can be strongly influenced by the
lead content of water added to dehydrated
infant formulae and cereals and by the lead
content of canned infant foods. A shift away
from lead-soldered cans markedly reduces
lead intake.

How much lead in food contributes to
health impairments in children in the CCEE,
compared with lead in air or water and inges-
tion of lead-rich dusts or soils, is uncertain.
Nevertheless, a reduction in exposure to lead
in food should be a priority for action.

Arsenic

As arsenic in fish occurs in organic forms of
relatively low toxicity, it is often not included
in intake studies. The provisional maximum
tolerable daily intake established in 1989 is
15 µg/kg body weight per day of inorganic
arsenic. Data from several countries indicate
that intakes from food do not exceed this
value.

Daily arsenic intake (from fruit and ber-
ries) by infants aged 12–24 months in Fin-
land is close to 2 µg/kg body weight per day,
while the intake for 15-year-old teenagers is
substantially lower [25].

If drinking-water contains high levels of
arsenic, intakes can exceed 1 mg/day.

Mercury

A PTWI of 300 µg of total mercury per per-
son has been established, of which no more
than 200 µg should be present as methylmer-
cury, i.e. 3.3 µg/kg body weight for the gen-
eral population. Dietary intakes of mercury
for adults from 16 countries for a variety of
dates based on GEMS/Food data are shown
in Fig. 9.5. Intakes for several countries are
around 60% of the PTWI [24]. The main
contributory foods in Poland are potatoes
and vegetables (nearly 40%), milk and milk
products (about 24%), bread and cereals
(about 13%) and fish (about 11%) [21]. The
monitoring data, therefore, indicate that the
risk to the general population is low in most
countries. In Poland, contamination of food
by mercury can be considered to be moder-
ate, although recent data for average weekly
intakes are around 40% of PTWI rather than
the earlier 60%.

The fetus and breast-fed babies may be at
greater risk of adverse effects from intakes of
methylmercury [13]. This is particularly the
case when mothers live in coastal and fish-
ing communities and consume large quan-
tities of local fish. Intakes of mercury and
methylmercury from human milk have been
shown to be within the PTWI. Average levels
of 3.1 µg/kg total mercury and 0.6 µg/kg
methylmercury were found in the milk of
women who consumed fish from Swedish
coastal areas of the Baltic Sea [30]. Data
from Ludwicki [31] show that the daily in-
take of mercury in small children (up to
3 years of age) in Poland varied between
0.07 µg and 4.1 µg, and for teenagers aged
14–18 years was around 7 µg depending on
location and, hence, source of food.

Polychlorinated biphenyls

As concentrations of PCBs in fish, meat and
milk or milk products are high, the total die-
tary intake of PCBs depends largely on these



Chemical Contamination 261

foods. Populations that consume fish as a
major part of their diet have a higher total
PCB intake than do populations elsewhere.
In countries with a high consumption of
dairy products, PCB intakes are again
relatively high.

In Denmark, the calculated average daily
intake was less than 10 µg, corresponding to
less than 70 µg/week. There is no PTWI for
PCBs. The National Food Agency of Den-
mark [20] has calculated the guideline toler-
able intake as 245 µg/week (3.5 µg/kg body
weight per week). The national intake is
therefore approximately one third of the
guideline tolerable intake. For those taking
cod liver oil supplements, the normal weekly
consumption of about 150 g, containing
1.6 mg/kg, raises intake to the guideline
value. Consumption of eel, a fish with a high
lipid content and high PCB concentrations
often exceeding 1 mg/kg, also markedly in-
creases the PCB intake. Data from the
Czech Republic indicate that some 46% of
PCB intake comes from the consumption of
meat.

Intakes of PCBs of 0.2–4 µg/kg body
weight per day were calculated by Petrik et
al. [32] for the general population of Slova-
kia. These values can be compared with the
suggested guideline of the US Food and
Drug Administration of 1 µg/kg body weight

per day, or the Danish guideline of 0.5 µg/kg
body weight per day.

Concentrations of PCBs in human milk
from mothers living in different areas of the
Czech Republic are compared with values
from other countries in Fig. 9.6 [15]. These
values, of around 2 mg/kg milk fat, are much
higher than the 1991 values for Poland of

Fig. 9.6: Range and mean levels of PCBs in breast
milk in five European countries

Fig. 9.5: Average weekly dietary intake of mercury by adults in 10 European countries
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0.012 mg/kg.a Indeed 19 of the 58 samples
from Poland were below the detection limit.
Data from Lublin, Poland, a decade earlier
showed a mean of 0.49 mg/kg milk fat
(range 0.17–3.08 mg/kg) [33]. The calcu-
lated average intake of PCBs in human milk
may therefore exceed the suggested guideline
value in these regions.

Data from Norway and Sweden on PCBs
in human milk are comparable with those
from other countries at around 1 mg/kg milk
fat [34–36]. Results also show that the con-
centrations of PCBs in milk fat are lower
during the nursing of the second and third
child than during the first lactation period.
Levels of PCBs in human milk from other
countries are reported by Jensen [37].

Nitrates

Estimates show that, in Denmark, fruit and
vegetables provide on average about three
quarters of the total nitrate intake [19],
other food sources and drinking-water pro-
viding the remainder. However, the concen-
tration of nitrate in drinking-water varies so
much from place to place that it may be the
largest contributor to the daily nitrate intake
in some areas.

Analysis of daily intakes of nitrate from
vegetables should take into account whether
vegetables are boiled or not. Duijvenbooden
& Matthijsen [38] report that about 40% of
the nitrate is lost with the cooking water.

Comparable intakes, well within the ac-
ceptable daily intake of 5 mg/kg body
weight, are reported for Denmark, Finland
and the United Kingdom – the latter two not
including drinking-water [39,40]. In Poland,
the daily average intake is 49.5% of the ac-
ceptable daily intake (ADI) rising to 255%
in extreme cases [20].

Intakes by vegetarians can be expected to
be higher, since vegetables provide around
97% of their intake. Estimates range from
185 to 194 mg/day for the United Kingdom
[39] which is still within the ADI, although

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

this does not include tap water. Taking the
average consumption of water as one litre
per day, and the average concentration of ni-
trate in tap water to be within the range 10–
20 mg/1, then the additional contribution to
the food intake would only be 10–20 mg/day.

Mycotoxins

Aflatoxin M1 has been reported in both
breast milk and cow’s milk. Visconti et al.
[41] reported that 72% of samples of cow’s
milk and milk products from southern Italy
were contaminated with aflatoxin M1. Of
297 cow’s milk samples analysed in Bulgaria,
17 were positive with a maximum aflatoxin
M1 concentration of 1.05 µg/l.a A reduction
of levels of aflatoxin M1 in animal feed, par-
ticularly some imported feeds, has led to a
concomitant reduction in levels in cow’s
milk, as is shown clearly in data from Den-
mark (Fig. 9.7). Consequently, concen-
trations of aflatoxin M1 in infant foods based
on milk have also fallen substantially.

Information from several European coun-
tries on intakes of ochratoxin A suggests that
the PTWI of 112 ng/kg body weight (16 ng/
kg body weight per day) [43,44] is not being
exceeded, although some intakes have ex-
ceeded the tolerable daily intake calculated
from carcinogenicity data by Kuiper-Good-
man & Scott [45] of 0.2–4.2 ng/kg body
weight.

Ochratoxin A has been recorded in 9 out
of 50 breast milk samples from Italy within
the range 1.7–6.6 ng/ml (limit of detection
0.2 ng/ml) [46].

Ochratoxin A has been determined in
some 70% of serum samples from Sweden
[47], 50% of samples from Germany [48],
approximately 50% from Denmark [49] and
22% from France [50], indicating the wide-
spread exposure to this substance.

Ingestion of ochratoxin A is a risk factor
for the development of Balkan endemic
nephropathy, which in turn is a risk factor
for the development of renal tract tumours
[51] (see also Chapter 18).
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Pesticides

Guidelines for predicting dietary intakes of
pesticide residues have been issued by WHO
[52]. In general, national data on pesticide
residues in the total diet show that calculated
intakes are very low, often only 1% of the
ADI or less [22,23]. However, as the CCEE
and NIS do not have extensive data sets, in
spite of the fact that pesticide usage is high,
this conclusion may not apply to the Euro-
pean Region as a whole.

Recent data for parts of Romaniaa show
that DDT intakes are still high, and may ap-
proach or exceed the ADI. A similar situ-
ation exists in other CCEE. In general, mean
daily intakes of DDT by infants per kg body
weight were higher than those of adults.

Several studies over a decade ago showed
that the mean daily intake of aldrin/dieldrin
by infants from human milk exceeded the
ADI [23].

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

9.4.3 Evaluation of food contami-
nation factors as indicated by
national focal points

In the Concern for Europe’s Tomorrow ques-
tionnaire, the national focal points were
asked to indicate known or assumed major
sources of food contamination in their re-
spective countries. In addition, information
from the open literature was used to indicate
possible sources of contamination. Coun-
tries were also asked to suggest possible re-
medial action.

The questionnaire referred to the follow-
ing possible sources of contamination:

• geological conditions
• effects of mining
• industries
• waste and sewage sludge
• agricultural practices
• food harvesting, storage and transport
• food processing and/or packaging.

Of the geological factors, arsenic contami-

Fig. 9.7: Average content of aflatoxin M1 in milk in Denmark, 1981–1993
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nation of groundwater and soil in Hungary
and Romania is the most important factor in
food contamination and dietary intake of ar-
senic.

Mining activities, especially metal mining
and to a lesser extent coal mining, may lead
to local contamination in several CCEE
such as the Czech Republic, Poland and Slo-
vakia. In northern parts of Germany, mining
activities that took place in the past are still
having an effect on contamination of the
food-chain by heavy metals.

Waste and wastewater from mines have
polluted rivers with metals, leading to in-
creased intakes in Bulgaria, the former Cze-
choslovakia and Poland.

Metal smelting and the combustion of
brown coal are the two most important in-
dustrial activities leading to contamination
of soil and water and thus of food. Smelter
emissions, whether of copper, zinc, cad-
mium or lead, have caused local contami-
nation of soil and river water and conse-
quently of crops, especially in Bulgaria, the
former Czechoslovakia, the former German
Democratic Republic, Poland and the
former USSR. Of these, the high dietary in-
take of lead by children is a cause for con-
cern in areas of Bulgaria, the Czech Repub-
lic, Poland and Romania. Acidic emissions
may lower the pH of the soil, increasing the
availability of metals to crops.

High concentrations of cadmium from the
application of cadmium-rich phosphate ferti-
lizer and/or sewage sludge to land have con-
tributed to raised intakes of cadmium from
vegetables grown in such soils across many
areas of Europe.

The industrial production and widespread
use of PCBs in open conditions has led to
contamination of food in many countries of
Europe, although the problem is decreasing
following cessation of production and re-
strictions on their use. In Germany, contami-
nation of binder twine with PCBs led to high
levels in food of animal origin.

The use of rodenticides to protect har-
vested crops from mice or rats has some-
times led to contamination of the final food
product.

The processing and packaging of food may
contribute to contamination. Food from
lead-soldered cans contains around 5–10
times the lead concentration of that from
non-soldered cans. The use of cadmium-
plated and galvanized equipment in food
processing, cadmium-containing enamel and
pottery glazes, and cadmium- or lead-based
pigments or stabilizers in plastics may also
be significant sources of food (or water) con-
tamination. The occurrence of organic con-
taminants, especially PCBs, in milk from
paper containers has been reported, as has
the presence of residues of phthalates from
plastic films.

Possible remedies

The closure of old industrial plants and the
reclamation of contaminated sites will assist
in reducing food contamination. Ending the
use of cadmium-rich phosphate fertilizers,
reducing the use of leaded petrol and instal-
ling pollution control devices will reduce soil
and water contamination and consequently
food contamination. Eliminating lead-sol-
dered cans, cadmium/lead glazes and lead
water pipes will reduce exposure substan-
tially.

Improvements in mining and smelting
practices and stricter control of waste dis-
posal to prevent further soil pollution are
more urgently needed than general soil
clean-up programmes. Removal of land from
all forms of food production in the neigh-
bourhood of polluting metallurgical indus-
tries can be adopted as a measure to reduce
hot spot food contamination. Liming of soil
to reduce metal availability is another op-
tion.

9.5.1 Natural radionuclides

All food contains natural radionuclides. In
the context of radiation exposure, the most

9.5 Radioactive Contamination
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important is potassium-40, a long-lived radio-
nuclide with a half-life of 1.28  109 years.
Throughout the natural environment, radio-
active potassium occurs as a constant pro-
portion of the total potassium. Thus the
mean potassium-40 activity can be calcu-
lated from typical potassium concentrations
in foodstuffs. As potassium is an essential el-
ement of all organisms, its concentration is
subject to self-regulation by plants and ani-
mals. The potassium-40 activity therefore
lies in a fairly narrow range and results in a
dose of about 0.2 mSv/year [53].

The radioactive isotope carbon-14 is cre-
ated in the upper atmosphere at a constant
rate. The activity does not change during as-
similation of carbon dioxide in photosyn-
thesis and remains constant throughout the
whole food-chain up to man. The total activ-
ities of potassium-40 and carbon-14 in hu-
mans are comparable, but the dose of car-
bon-14 is lower at 0.01 mSv/year.

Thorium and natural uranium have only
trace activities in food, as they are very im-
mobile elements in soil. Their rate of uptake
by plants is low, as is their absorption by the
gut. Enhanced activities in food are found in
areas with higher soil levels of uranium and
thorium, but intakes usually result in doses
below 0.01 mSv/year [54,55].

The daughter products, radium-226 and
radium-228, are of interest because these iso-
topes behave much like calcium. Radium is
much more mobile in soil and is therefore
more available to plants. The activity in Bra-
zil nuts may be up to three orders of magni-
tude greater than that present in foods such
as vegetables, fruit, meat and milk.

While potassium-40, thorium, uranium
and radium are for the most part taken up by
the roots, the main contamination pathway
for polonium-210 and lead-210 is direct de-
position. Both are daughter nuclides of the
gas radon-222 and aggregate in the air as
aerosols, which become deposited on the
surface of plants. Higher activities are there-
fore found in leafy vegetables than in cereals
or root vegetables. High activity is found in
pork and beef liver and in kidneys, and ex-
treme values have been measured in reindeer

as a result of their eating lichen, which ac-
cumulates heavy metals such as lead and po-
lonium. The normal annual dose resulting
from intake of these radionuclides is esti-
mated to be in the order of 0.13 mSv [56].

Some 30 other natural radionuclides such
as tritium and beryllium occur in food,
though their activities are so low that the re-
sulting dose is usually negligible.

9.5.2 Weapons fallout

Intensive nuclear test programmes in the at-
mosphere took place during 1954–1958 and
1961–1963. During this time the radionu-
clide concentration increased in air, rain and
food. Deposition was fairly even worldwide,
but as most nuclear tests took place in the
northern hemisphere the mean deposition
there was about three times that in the south-
ern hemisphere. Carbon-14, iodine-131,
strontium-90 and caesium-137, in addition to
a number of short-lived radionuclides, were
of particular importance [57–59] (Table
9.4).

Systematic measurements of radionu-
clides in food have been carried out since the
end of the 1950s. Strontium-90 and caesium-
137 activities in milk in the Netherlands
from 1960 to 1990 are shown in Fig. 9.8.
The pattern is very similar to deposition pat-
terns during these years, the peak occurring
in 1963, the year of the highest deposition
rate. Activities were very similar in other
countries in the northern hemisphere. In the
1960s direct deposition was the major means
of contamination, whereas root uptake later
became dominant. Since caesium-137 is
strongly adsorbed on clay minerals, its avail-
ability for root uptake is low. Strontium-90,
however, remains much more mobile and
therefore strontium-90 became the more im-
portant food contaminant with time. The
second peak for caesium-137 between 1986
and 1990 was due to the effects of the Cher-
nobyl accident.

The carbon-14 level in the atmosphere
(and hence in food) doubled in 1963 due to
its release as a result of nuclear weapons



266 Contamination of Food and Drink

tests. Today the level in the atmosphere and
in food is approximately 25% above the natu-
ral level of activity.

9.5.3 Chernobyl

During the Chernobyl accident a great
number of radionuclides were released, al-
though the proportion of the less volatile
radionuclides such as strontium-90 and plu-
tonium-239 was relatively low. Furthermore,
these isotopes were for the most part de-
posited in the vicinity of the reactor. Many
short-lived radionuclides were released, the
most important in terms of ingestion by hu-
mans being iodine-131 (in the short term),
caesium-134 and caesium-137.

According to the weather conditions and
especially the amount of rainfall, the deposi-
tion pattern was more or less heterogeneous
and resulted in similar variations in radionu-
clide activity in cereals, vegetables, fruit,
meat and milk [62–64].

Fig. 9.9 illustrates the decline in caesium
activity and intake rates since 1986 for major
food groups.

Wild mushrooms, wild berries
and game

In contrast to agricultural food products, the
caesium-137 activity in wild mushrooms,
wild berries and game has remained at a
high level in the most exposed areas of Eu-
rope. In contrast to agricultural systems,
forests are characterized by undisturbed soils
with an organic topsoil. In this layer, cae-
sium-137 is not intensively absorbed and is
therefore available to plants. As caesium-137
behaves in a manner similar to potassium it
is included in the nutrient cycle of forests,
and therefore only a slow decline in activity
in mushrooms and berries is expected within
the next few years. The caesium-137 level in
animals grazing in the forests will also de-
cline slowly [65].

Fig. 9.8: Mean strontium-90 and caesium-137 activities in milk in the Netherlands, 1960–1990
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Table 9.4: Effective dose equivalent from ingestion, integrated over 70 years, from atmospheric weapons testing

Fig. 9.9: Monthly rate of intake of caesium-134 and caesium-137 with food in the south of the Federal Republic of
Germany, 1986–1990
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Fish

There was only a small increase of caesium-
137 in marine fish, largely because of the de-
gree of dilution by seawater. Significantly
higher caesium activities were registered in
fish from rivers and streams in 1986, and ex-
tremely high values in lake fish [66]. The
caesium-137 activity in rivers and streams
has decreased with time; the rate of decline
in lakes will depend on the rate of outflow.

9.5.4 Radiation dose

The internal dose due to ingestion of natural
radionuclides with food is about 0.35 mSv/
year [60]. The major part, about 0.2 mSv/
year, results from potassium-40. About 0.01
mSv/year is due to carbon-14 and the rest is
mainly due to polonium-210, lead-210,
radium-226 and radium-228. The contribu-
tion from uranium and thorium is generally
below 0.01 mSv/year. While the doses from
potassium-40 and carbon-14 are fairly con-
stant, exposure from the other radionuclides
varies with the natural levels of radionu-
clides in the soil and with the ecological situ-
ation. Food intake on average thus consti-
tutes about 15% of the total mean natural ex-
posure of about 2.4 mSv/year (range 1.5–5
mSv/year).

Carbon-14, strontium-90 and caesium-137
contribute more than 80% of the total life-
time dose from fallout from atmospheric
weapons testing: 0.85 mSv in the northern
hemisphere and 0.65 mSv in the southern
hemisphere. Most of these doses were re-
ceived during the 1950s and 1960s. The pres-
ent ingested dose from this source is only
around 0.01 mSv/year.

The proportion of the average radiation
dose from ingestion received in different
countries as a result of the Chernobyl acci-
dent varied from 25% to 50% depending on
the agricultural season. The average dose
from ingestion of agricultural products, as in-
dicated by whole-body measurements, is less
than 0.01 mSv/year even in the more highly
contaminated areas. Special population

groups, however, such as reindeer herdsmen
in Sweden or people who regularly consume
wild mushrooms or berries, still show elev-
ated whole-body caesium-137 activity.
Measurements of whole-body activity in
people living in contaminated areas who eat
reindeer meat more than once a week indi-
cated a dose of about 0.7 mSv/year in 1991
[67,68].

In conclusion, the actual doses from con-
taminated foodstuffs due to weapons fallout
and the Chernobyl accident are very low in
comparison to natural radiation exposure.
The caesium-137 and strontium-90 levels in
food will continue to decline in the future,
making action with regard to artificial radio-
nuclides in food unnecessary.

9.5.5 Risk

Considerations of risk, especially that of
cancer, from the effects of radionuclide ac-
tivity in food are theoretically relevant. The
methodology used for estimating such risk is
discussed in Chapter 12.

Given a dose of about 0.35 mSv/year from
natural radionuclides in food and the current
additional dose of about 0.02 mSv/year due
to the Chernobyl accident and weapons fall-
out, the resulting risk is negligible. Food can
thus be considered not to pose any risk to
health from the ingestion of radionuclides.

Biotechnology has long been used in food
production and processing. It represents a
continuum embracing both traditional breed-
ing methods and the latest techniques based
on molecular biology. The newer biotechno-
logical techniques, in particular, open up
very great possibilities of rapidly improving
the quantity and quality of food available. In
addition to its direct application to food pro-

9.6 Safety of Food Produced by
Biotechnology
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duction and processing, biotechnology has
applications in the production of veterinary
drugs, pesticides and other products used in
agriculture, and also in the development of
improved methods of food analysis.

New methods based on molecular biology
have aroused considerable interest, because
they offer the prospect of more rapid and
precisely targeted genetic changes than can
be introduced through breeding and selec-
tion; organisms can be genetically modified
by the introduction of novel genetic material
made in vitro [69,70].

9.6.1 Fermented foods

Throughout the world, fermented foods form
a major part of the human diet. Examples of
fermented plant products include alcoholic
drinks, tea, coffee, bread and sauerkraut. A
wide variety of fermented fish, milk and
meat products is also available. Fermen-
tation, which may be brought about by
yeasts, moulds or bacteria, can contribute to
increasing the palatability, acceptability, nu-
tritional value and shelf-life of foods.

Many fermented foods have been known
for hundreds or thousands of years. Initially
they were made in the home or in the local
community, and the strains of organism used
were passed down from generation to gener-
ation and were selected for desirable charac-
teristics such as flavour production. Many
fermented foods are now produced on an in-
dustrial scale, and there is interest in apply-
ing genetic modification techniques to the
microorganisms that produce them, includ-
ing those involved in bread and beer produc-
tion.

9.6.2 Genetic modification

While significant changes can occur as a re-
sult of the modification of animal genomes,
it would appear, on the basis of the current
review of known or suspected hazards, that
such transgenic animals should not cause
any significant concern from the point of

view of food safety. It should be emphasized
that, at least in mammals, food derived from
a healthy animal should generally be con-
sidered safe.

The exact gene product that may result
from transgenic modification should be fully
characterized as either an existing substance
or one that is new to the particular animal
species concerned. The safety of gene prod-
ucts in food can be assessed in the same
manner as veterinary drug residues and food
additives [71–74].

9.6.3 Implications of biotechnology

Biotechnology can potentially result in sig-
nificant changes in the nutritional quality of
food and, in some instances, is specifically
intended to alter the composition of food.

Apart from nutritional implications, bio-
technological alteration of food may in rare
cases present a potential hazard in terms of
food intolerances and food allergies, particu-
larly with interspecies modifications or the
production of new hybrid proteins. While
these possibilities need to be kept in mind, it
is highly unlikely that they will be a problem
in the overall population. However, current
methods for assessing potential allergenicity
have serious limitations in predicting a prob-
lem in sensitive individuals.

The contributions to this report are based
mainly on three different sources of data:

1. The WHO Regional Office for Europe
sent questionnaires on all relevant sectors
to the national focal points of the Concern
for Europe’s Tomorrow project, asking for
information on the microbiological,
chemical and radiological contamination
of food and drink. Information on related

9.7 Data Quality and
Comparability
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items such as quality assurance and data
quality was also requested.

2. Relevant data were also made available
from two WHO networks that have been
in operation for many years, i.e. the WHO
Surveillance Programme for Control of
Foodborne Infections and Intoxications in
Europe and the joint UNEP/FAO/WHO
Food Contamination Monitoring and As-
sessment Programme (GEMS/Food).

3. The open literature and other available in-
ternational data were also consulted.

It is difficult to compare the data received
from the different countries and/or from the
networks because in most cases an overall
quality assurance scheme does not exist.
This is particularly true for the microbiologi-
cal contamination of food and the reporting
of outbreaks of foodborne diseases.

9.7.1 National differences in the
collection of information
and data

One example of the problems of reporting
systems and comparability of data can be
taken from the WHO Surveillance Pro-
gramme for Control of Foodborne Infec-
tions and Intoxications in Europe. Although
the definition of foodborne diseases has
been agreed on for the purpose of the WHO
Surveillance Programme, it is not strictly
used in all national reporting systems.

A number of countries officially require
all cases of foodborne disease (food poison-
ing) to be reported, while in the statutory no-
tification requirements of other countries
“foodborne disease” or similar terms are un-
known. These diseases are covered in their
regulations under “gastrointestinal infec-
tions” as a common group, or more specifi-
cally as “cases of salmonellosis”, “campylob-
acteriosis”, “E. coli infection”, etc. Some-
times the group “infectious enteritis” is sub-
divided only into “cases of salmonellosis”
and those of “other origin”.

The following variations exist in national
notification and reporting.

• Notification of cases of foodborne disease
(food poisoning; foodborne infections and in-
toxications). These are reported without
any specification of the causative agent or
any other information on epidemiologi-
cally important details.

• Reporting of laboratory-confirmed cases of
foodborne disease. This is based on in-
formation from official laboratories who
report to a central agency, often a refer-
ence laboratory for specific microorgan-
isms such as a national salmonella centre.

• Reporting of cases of gastrointestinal infec-
tion. Such cases are reported either separ-
ately by causative agent, as in cases of sal-
monellosis, campylobacteriosis or viral
and parasitic diseases, or as a group under
a common denominator such as “infec-
tious enteritis caused by salmonellae” on
the one hand and “infectious enteritis
caused by other organisms” on the other.
In some countries, these gastrointestinal
infections are considered as foodborne
whether or not there is any known involve-
ment of food.

• Notification and reporting of cases of sal-
monellosis only. In a number of countries
all these cases are considered to be food-
borne.

9.7.2 Comparability of national
data on outbreaks

These variations alone indicate the impossi-
bility of direct comparison of data from
statutory notifications, as well as of inci-
dence or numbers of outbreaks from differ-
ent countries. In addition to these variations
in notification, underreporting is another
factor that limits proper comparison be-
tween countries.

A high figure for the incidence (number of
cases per 100000 population) or even for the
simple number of cases or outbreaks in one
country as compared to another could sig-
nify that a more severe foodborne disease
problem really exists; it could also mean that
the reporting system functions much better
in one country than in another and thus
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many more cases or outbreaks are brought to
the attention of the official health agencies.
The incidence and numerical data given in
figures or tables should therefore not be used
for direct comparison between countries.

Figures received from such reporting sys-
tems, however, are useful when interpreted
in a critical manner. On the assumption that
the reporting system in a country has not
been changed, trends over time can be seen
from these figures.

A similar situation also exists with other
data made available for this report. In the
case of food contamination, differences in
sampling methodology and data handling,
especially with regard to calculations of de-
tection limits or limits of determination,
complicate data analysis and its usefulness
for comparative purposes.

Another principal impediment to a sound
evaluation of the degree of contamination of
food and its health significance lies in the
paucity of national dietary intake data and
human exposure data for many countries, in-
cluding that on ethnic differences within di-
verse geographical regions.

All countries stated that they operated
analytical quality assurance and analytical
quality control programmes but, in the ab-
sence of detailed information, data quality in
many countries cannot be evaluated or guar-
anteed. This matter needs further attention
by inviting national institutes to participate
in regional and international programmes.
Only then can data quality be evaluated.

9.8.1 Food safety regulations and
information systems

International and intersectoral
collaboration

Since the health problems associated with
food contamination are highly complex but

9.8 Conclusions

common to all countries, international coop-
eration and collaboration are essential in
achieving the most cost-effective use of re-
sources. This collaboration should concen-
trate on building up an international network
of national focal points for the surveillance,
prevention and control of hazards to human
health from the biological and chemical con-
tamination of food. The Codex Alimentarius
Commission could play a very important
role in international collaboration between
the countries, particularly in the harmoniz-
ation of legislation relevant to the food trade.
This will be particularly important in view of
rapidly growing tourism and trade in food
products and the consequences of the re-
moval of trade barriers among the EU
member states.

Legal framework

A review of the history of food safety in Eu-
rope confirms that if food safety legislation
is to be effective, it must be drafted with the
circumstances and the problems of each
country in mind. However, the increase of in-
ternational food trade in Europe is leading to
an accelerating trend towards the harmoniz-
ation of national food legislation. The single
European market is having a tremendous im-
pact on the harmonization of national food
legislation within the EU and elsewhere.

Training of food safety personnel

Dynamic development in food production,
distribution and storage, as well as the
changes related to the harmonization of food
laws in Europe, will require appropriate
modifications in the development of
national food safety manpower. The food law
enforcement officer will have to be ad-
equately trained to (a) enforce existing
national or international food laws, and (b)
promote hygienic practices with regard to
food by means of health education, including
the training of food personnel and manage-
ment staff in food safety and quality.

Application of the HACCP approach will
provide a more effective and cost-effective
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method of control than end-product inspec-
tion.

Food safety information system

Since an information system in an inter-
national environment is useful only if it is up
to date and covers the whole Region, major
efforts are needed to get all European coun-
tries actively participating in the existing
health-related database initiated by the
Council of the European Union. Only regu-
lar updating by the participating countries
themselves will ensure that the whole system
remains current. The information system
should also be open to everyone interested in
the subject, but especially to intergovern-
mental and nongovernmental organizations
and universities. This could prevent dupli-
cation of effort and thus save time and re-
sources. Techniques and equipment are avail-
able to improve the speed of information dis-
tribution.

9.8.2 Microbiological contami-
nation of food and related
foodborne diseases

Based on the information from the WHO
Surveillance Programme for Control of
Foodborne Infections and Intoxications in
Europe and from other sources, it is obvious
that foodborne diseases have increased sig-
nificantly over the last few years in most
European countries, in spite of efforts made
to improve hygiene in food establishments.
In addition, it is generally accepted that
microbiologically contaminated food, bever-
ages and drinking-water play the major role
in most outbreaks of foodborne disease.
Foodborne diseases, but also the loss of food
through contamination by microbial agents,
present a high cost to society.

As many of the problems arise in primary
food production, more attention should be
paid to safeguards in animal husbandry
rather than to eliminating pathogens solely
by food technology.

Although salmonella contamination of
food is still of major concern, other micro-
bial agents have also recently been recog-
nized as causes of foodborne illness. Fre-
quently the relevance of and actual risk at-
tributed to these pathogens in food is not al-
ways clear, as they can also be found in living
organisms and the inanimate environment.

Tourism is an important source of income
for many countries, particularly nonindus-
trialized ones. It is important not to jeopard-
ize this source of national income through
outbreaks of foodborne infection and intoxi-
cation. Tourists need better information on
the special risks associated with the con-
sumption of traditional local food, especially
in relation to street vending and to sanitary
conditions in rural and camping areas.

In general, consumers are not sufficiently
aware of the causes of contamination within
the food-chain, and do not understand the
mechanisms of bacterial growth in food.
This applies to consumers in all European
countries but particularly to those in the less
developed countries.

9.8.3 Chemical contamination of
food and drink

Although substantial data sets of chemical
contaminants in food, and dietary intakes,
have been reported for many western Euro-
pean countries, data are inadequate for most
central and eastern European countries in-
cluding countries of the former USSR.

Information on those particularly at risk is
widely lacking. This includes dietary intakes
by infants and children (especially those liv-
ing near metal industries and mines), lactat-
ing women and the elderly. The numbers of
people exposed to such conditions, both as
totals and percentages of local or district
populations, are usually not known.

Studies on the health of populations ex-
posed to contaminated food are currently of
limited value or are lacking.
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9.8.4 Radioactive contamination of
food

The fallout following the accident at Cherno-
byl caused serious disruption to food produc-
tion and trade, especially between the highly
affected countries and those that were not
greatly affected. Generally speaking, the less
a country was affected the lower the limits
set for radionuclides in food. These dis-
ruptions were exacerbated by the lack of uni-
formity of action on the part of national
authorities and the lack of preparedness to
respond to such an emergency. In this situ-
ation, WHO and FAO established guideline
levels for radionuclides in food for use in in-
ternational trade following accidental nu-
clear contamination [75]. These levels are in
agreement with, for example, the values es-
tablished by the EU and should be used by
all Member States of the WHO European
Region.

9.8.5 Biotechnologically produced
foods and drinks

The wide range of modifications possible in
foods derived from genetically modified
plants requires an integrated approach to
safety assessment, taking into consideration
the proposed use of the food, the potential
exposure and the significance of the food in
the diet.

In addition to the question of intended
use, the safety of foods and food ingredients
derived from genetically modified microor-
ganisms depends on all the stages involved –
strain development, production, processing
and purification. Each case must be evalu-
ated to identify critical points and establish
appropriate controls that will ensure safety
and quality. Any change in the process
should be evaluated in the light of these con-
siderations. The maintenance of good manu-
facturing practice is of fundamental import-
ance.
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During the last few decades a large number
of chemicals have come on the market with
widespread use in various sectors of society,
including industrial, agricultural and do-
mestic applications. In fact, chemicals are an
integral part of daily life. Currently, some
60–70 thousand are in regular use, of which
some 3000 constitute 90% of the total vol-
ume. Some 200 to 1000 “new” chemicals
enter the market every year. Owing to indus-
trial and traffic emissions, agricultural use
(pesticides and fertilizers) and disposal prac-
tices (industrial and domestic) many chemi-
cals are discharged into the environment and
may consequently pose potential hazards to
human health and environmental integrity.

With existing chemicals, the main prob-
lem is often the lack of adequate toxicologi-
cal data for risk assessment. In this respect,
apart from national approaches, there are
important activities at the international and
intergovernmental level. Scientific evalu-
ations and the collection of relevant data on
existing chemicals are being performed by
the International Programme on Chemical
Safety (IPCS) and the International Register
of Potentially Toxic Chemicals (IRPTC) as
well as by a number of nongovernmental or-
ganizations. Risk evaluation of chemicals is
the first objective of IPCS, and in this con-
text some 150 volumes in the Environmental
Health Criteria series and some 80 Health
and Safety Guides have been published by
WHO. In addition, some 1200 International
Chemical Safety Cards are available; from

10.1 Introduction
Card No. 20 onwards this information is also
available on CD-ROM.

In the European Union (EU) control of
existing chemicals is ensured through the
Council Regulation on Existing Chemicals,
which became effective in 1993. This regu-
lation provides a legally binding framework
for the collection of relevant data on existing
chemicals. The process comprises three
steps: (a) the establishment of a priority list
of existing chemicals requiring evaluation;
(b) risk evaluation; and (c) agreement on ad-
equate abatement and control methods. This
will be a major task of the European Bureau
of Chemicals of the EU, which is currently
being set up in Ispra, Italy.

Within the chemicals programme of the
Organisation for Economic Co-operation
and Development (OECD) activities are
being undertaken to ensure systematic inves-
tigation of existing chemicals. The emphasis
is placed primarily on high production vol-
ume chemicals, i.e. those that are produced
in quantities of around 10 000 tonnes per
year in one country or 1000 tonnes per year
in several countries. The chemicals pro-
gramme also comprises other elements, in-
cluding data acquisition and risk reduction
measures.

With new chemicals, current legislation in
most European countries and at the level of
the EU is such that pre-marketing assess-
ment of toxicity (including ecotoxicity)
should prevent serious environmental ha-
zards to health in the future. This require-
ment for pre-marketing hazard assessment
covers industrial chemicals, pesticides and
household products.

From the point of view of human expo-
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sure, chemicals with toxic properties are gen-
erally found in several environmental media
such as air, water and soil and, consequently,
may also be present in food. People may
therefore be exposed to pollutants through
several routes. The common approach for
controlling human exposure is based on
knowledge of the concentrations of the sub-
stance concerned in different environmental
media and food items.

Although risk evaluation is generally
based on an estimation of expected health ef-
fects at various levels of environmental expo-
sure (exposure–response assessment) it is
generally accepted that the total dose of a
pollutant that is actually received is the de-
terminant of an effect. The tissue dose, how-
ever, may not be directly correlated with the
exposure level, and the tissue disposition of a
pollutant may change from one exposure
level to another. There is therefore a need to
distinguish between exposure level in general
and the dose to the target tissue, i.e. the tis-
sue in which the major toxic effects of the
chemical are likely to occur. Biologically
based modelling for the assessment of target
tissue dose requires knowledge of a number
of variables, including:

• the distribution of the compound in differ-
ent media including ambient air, water,
soil and food, and in certain instances also
house dust, paint, indoor air, etc.;

• for agents that tend to accumulate in tis-
sues, knowledge of relevant environmental
levels over the whole exposure period (this
may include assessments for time spent
travelling, and indoors at home and/or at
work);

• factors that affect the biological availabil-
ity of the pollutant, including the age,
gender and nutritional and health status of
the individual, as well as the chemical and
physical properties of the pollutant;

• demographic, socioeconomic and behav-
ioural factors that may have an effect on
the exposure, including housing condi-
tions, individual eating and drinking pref-
erences and other social habits.

Thus, to complement the environmental

measurements of certain pollutants at point
locations in individual media, there is a need
to obtain detailed information on individual
exposure patterns and biological parameters
in order to adopt realistic approaches to esti-
mating the total uptake from all media and
the target tissue dose.

Assessment of total intake will rely either
on biologically based modelling or on per-
sonal monitoring. Modelling requires de-
tailed knowledge of total exposure levels
through all media, but needs also to take ac-
count of the natural variability in exposure
patterns as well as in absorption, distribu-
tion, metabolism and excretion. Personal
monitoring is based on determining pollu-
tant (or metabolite) concentrations in
human tissues, be they the target tissues for
toxicity, biological fluids (urine, blood) or
sites of accumulation. Again, a number of
variables need to be considered, including
toxicokinetic factors and exposure periods
(especially with chemicals that tend to ac-
cumulate).

Knowledge of actual site-specific intake le-
vels of pollutants would permit a more real-
istic approach to applying and assessing
abatement strategies. Intervention based on
knowledge about “average” exposure pat-
terns of “average” or “typical” population
groups at “average” or “typical” sites will ob-
viously be less effective when compared with
abatement strategies based on actual site-spe-
cific information. Models based on actual in-
take data at actual exposure levels would be
more reliable tools for selecting appropriate
cleanup levels for contamination with any
chemical compound.

In this chapter, available data on total ex-
posure to chemicals known to be taken up
from different environmental media are re-
viewed with reference to the relative con-
tribution of different environmental media
to total intake. Particular consideration is
given to data on arsenic, cadmium, lead,
mercury, pesticides, nitrate, benzene, poly-
nuclear aromatic hydrocarbons (PAHs, par-
ticularly benzo[a]pyrene), polychlorinated
biphenyls (PCBs), and polychlorinated di-
benzodioxins (PCDDs) and dibenzofurans
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(PCDFs). Also, the available data on the
concentrations of these agents in human
body fluids and tissues are reviewed.

These chemicals are similar to those in the
priority list of “harmful chemical substances
and processes of global significance” con-
tained in the IRPTC, and were selected as
examples to illustrate a wide range of current
issues concerning priority multimedia
chemicals: their use patterns, toxic proper-
ties, persistence in the environment and
other factors including the public perception
of risk from exposure to them. Thus the
chemicals discussed in this chapter are of
real or perceived concern to human health.

In the context of the data compiled in this
chapter it should be noted that, although
monitoring programmes exist for assessing
concentrations of chemicals in drinking-
water, food and other environmental media,
there are no national programmes to moni-
tor human tissue levels of environmental
chemicals or to assess individual exposure.
The figures given in this chapter cover a
small and not necessarily representative por-
tion of the population and, therefore, general
conclusions on population exposure should
not be drawn, even at national level. At pres-
ent, estimates of human risk are often de-
rived by extrapolation from animal data,
where risk is likely to be expressed in terms
of effects at a given applied dose rather than
a tissue dose. Even with human data, effects
are frequently correlated with intakes rather
than tissue levels; in only a few instances will
information on tissue levels of a chemical en-
able health effects to be predicted.

Due to lack of space, individual studies
are not cited in this chapter.

Arsenic is ubiquitous in the biosphere and
occurs naturally in both organic and inor-
ganic forms. While arsenic can be found to a
small extent in its elemental form, the most
important arsenic compounds are inorganic:

10.2 Arsenic

arsenic trioxide, sodium arsenite, arsenic
trichloride (i.e. trivalent forms), arsenic
pentoxide, arsenic acid, and arsenates such
as lead and calcium arsenates (i.e. pentaval-
ent forms).

10.2.1 Toxic and carcinogenic
effects

In general, the trivalent forms of arsenicals
are more toxic than the pentavalent forms,
and inorganic compounds are more toxic
than organic compounds. Factors such as
solubility, particle size, rate of absorption,
metabolism and excretion can have a signifi-
cant influence on toxicity [1]. Many of the
toxicological effects of arsenic, especially in
the trivalent form, are believed to be associ-
ated with its reaction with cellular sulfhydryl
groups [1].

Long-term exposure to inorganic arsenic
has been found to give rise to effects in sev-
eral organs. Major effects are dermatological
(pigmentation, thickening and desquamation
with subsequent atrophy and degeneration of
the skin), haematological (anaemia, de-
creased white blood cells) and hepatic (fatty
infiltration, necrosis and cirrhosis) [1–3].
Organoarsenicals are considered to be much
less toxic [4]. Other adverse effects from ex-
posure to arsenic are related to vascular dis-
turbances such as the so-called “blackfoot
disease” (peripheral gangrene) and Ray-
naud’s disease (acrocyanosis).

Lung and skin cancer have been regarded
as the critical effects in man from long-term
exposure to inorganic arsenic, through inha-
lation and ingestion respectively [2,3]. The
International Agency for Research on
Cancer (IARC) has placed inorganic arsenic
compounds in Group 1 of its classification
as known human carcinogens [5].

10.2.2 Exposure

Sources of arsenic in the environment are
mainly industrial, including copper smelting
and other metal industries, fuel combustion
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(particularly brown coal) and the petroleum
industry, as well as the production and use of
arsenical pesticides, pharmaceuticals and
electronic equipment. Arsenic is persistent
in the environment and is transported
mainly by water. In some countries, such as
Hungary and Romania, arsenic levels in
water are naturally high; in others, such as
Bulgaria, industrial sources are responsible
for similar levels.

Arsenic in air is present mainly in particu-
late form as inorganic arsenic. The intake of
arsenic from air, except in industrial areas, is
a minor portion of the total intake from all
sources and has been estimated at about
0.3–0.4 µg/day [4]. Smoking may also con-
tribute to intake; average arsenic values of
1.5 µg per cigarette are due to the use of ar-
senical pesticides. The additional contribu-
tion of cigarette smoke to total intake, how-
ever, is generally low.

The intake of (primarily inorganic) ar-
senic from water is about 15 µg/day or less
for most people [1,2] but can reach about 1
mg/day for those who drink water contain-
ing naturally high arsenic levels [4].

Dietary arsenic is the major source of ex-
posure to arsenic for the general population.
Daily arsenic intakes are greatly influenced
by the amount of seafood in the diet, but the
global average is usually under 200 µg/day.
Arsenic intakes by those eating large quan-
tities of seafood may be greater than 1 mg/
day but virtually all of the arsenic in seafood
will be present as organic compounds, which
are much less toxic [1,3,4].

The results of eight studies in six Euro-
pean countries between 1978 and 1992
showed average intakes of arsenic, from food
and drinking-water combined, of 13–89 µg/
day. These studies did not include Bulgaria,
Hungary or Romania, where levels in drink-
ing-water are known to be high.

10.2.3 Tissue levels

The total human body content of arsenic has
been estimated at 3–4 mg [1]. Arsenic is
normally found in higher concentrations in

hair and nails than in other parts of the
body. Arsenic levels in the hair of unexposed
adults are usually below 1 mg/kg body
weight [1,3].

The results of 15 studies carried out in 8
countries of the WHO European Region be-
tween 1966 and 1992 on arsenic levels in
blood, urine, hair and/or nails were re-
viewed. Mean blood levels are less valuable
parameters of exposure owing to the
relatively short time that arsenic compounds
remain in the blood; the levels observed
ranged from 1.9 to 7.9 µg/l. Both the inor-
ganic and the much less toxic organic ar-
senic compounds are excreted in the urine,
and therefore urine levels of between 4 and
73 µg/l do not necessarily reflect exposure to
the toxicologically relevant inorganic com-
pounds. Despite the fact that only inorganic
(trivalent) arsenic binds to keratin sulfhydryl
groups in hair and nails, the levels in these
materials are not fully reliable indicators of
exposure to these compounds owing to a
number of endogenous and exogenous fac-
tors that influence analysis. These include
gender, age, natural hair colour and the use
of hair dyes, shampoos and conditioners.
This might explain why mean levels in hair
varied widely from 20 to 4000 µg/kg. The
highest values were observed in Hungary, in
an area with high concentrations of arsenic
in drinking-water, followed by the United
Kingdom and eastern areas of Germany (the
highest mean level observed in a non-af-
fected area was 1220 µg/kg). Only one study
of arsenic in nails was found, which reported
a mean concentration of 362 µg/kg in the
United Kingdom.

10.2.4 Evaluation of observed
exposure levels and possible
health effects

Although only few data on intake levels of ar-
senic were found, all lay below the provi-
sional tolerable weekly intake (PTWI) of
0.015 mg inorganic arsenic per kg body
weight established by the Joint FAO/WHO
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Expert Committee on Food Additives
(JECFA) which corresponds to a daily in-
take by adults of 0.128 mg/day.

It should be noted that inhalation and in-
gestion have different toxicological effects.
Skin cancer has been associated with inges-
tion of inorganic arsenic compounds, while
several epidemiological studies reveal that in-
halation may result in cancers of the respir-
atory tract. Exposure to inorganic arsenic
should therefore be reduced to the lowest
practicable level. Levels in groundwater in
Bulgaria, Hungary and Romania indicate an
increased risk of developing skin disorders if
such water is drunk. Data from Taiwan sug-
gest an increased lifetime risk of skin cancer
with an average daily arsenic intake of 1 mg
or more [6].

Cadmium occurs naturally in the environ-
ment at low levels, usually with zinc, lead
and copper ore deposits. Current analytical
procedures indicate a much lower concen-
tration in the environment than did previous
measurements. Although cadmium is easily
complexed with some organic compounds,
these have not been found in the general en-
vironment since they are rapidly broken
down [7,8].

10.3.1 Toxic and carcinogenic
effects

Metallothionein is an important transport
and storage protein for cadmium. The bind-
ing of intracellular cadmium to metallothio-
nein in tissues protects against its toxicity
[7]. In relation to general population expo-
sure, cumulative chronic toxicity is more rel-
evant than acute toxicity. Much of the in-
formation on chronic effects of cadmium
has come from occupational exposure; ex-
cessive intake in the diet has been limited to
only a few localities. Following occupational

10.3 Cadmium

exposure by inhalation, the kidney is most
frequently the critical organ although, under
some conditions, the target organ may be the
lung. Lung changes are primarily character-
ized by chronic obstructive airways disease.

After chronic oral exposure, the kidney is
the critical target organ. The renal cortex is
where the first adverse effects occur, result-
ing in renal tubular dysfunction that is most
often manifested as low-molecular-weight
proteinuria. In more severe cases there is a
combination of tubular and glomerular ef-
fects. In most cases, cadmium-induced pro-
teinuria is irreversible [2,7–9].

There is evidence that long-term occupa-
tional exposure to cadmium may contribute
to the development of cancer of the lung [8].
Cadmium has been placed in Group 2A of
the IARC classification as a probable human
carcinogen (limited evidence in humans, suf-
ficient evidence in animals) [10].

10.3.2 Exposure

Emissions of cadmium into the environment
are mainly related to industrial activities in-
cluding zinc refining, electroplating and the
production of alkaline batteries, plastics,
glass and pigments. Cadmium is primarily
released to air, the air concentrations rang-
ing from below 5 ng/m3 in rural areas to 50
ng/m3 or higher near industrial sources.
Cadmium deposits contribute to soil pollu-
tion, and consequently to uptake by crops.

The intake of cadmium from air, excluding
industrial areas, is a minor portion of the
total intake from all sources. It has been esti-
mated that the daily intake for the general
(global) population will be less than 0.5 µg/
day [2,8].

Tobacco is an important source of cad-
mium uptake in smokers. Uptake from heavy
smoking may equal the intake from food,
and is much higher than that from ambient
air [2,8]. Mothers smoking ten cigarettes a
day have an increased cadmium level in their
milk compared to nonsmoking mothers [11].

For most individuals, cadmium intake
from drinking-water will be less than about
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1 µg/day, but for certain people cadmium in-
takes from water (from contaminated wells)
can reach values of up to about 20 µg/day
[2,7,8].

Food is normally the main source of cad-
mium exposure for the general population.
Most foodstuffs contain traces of cadmium,
and crops from polluted areas may contain
increased concentrations. The kidneys and
livers of animals concentrate cadmium, as
do shellfish and fungi. Average global daily
intakes from food in most non-polluted areas
are 10–40 µg/day (0.2–0.7 µg/kg body
weight for an adult) but there may be large
variations among individuals depending on
age and dietary habits. Weekly consumption
of mussels, kidneys or species of mushroom
that accumulate cadmium may approximate
or even exceed the PTWI. For infants and
children, cadmium intakes on a body weight
basis are generally higher than those esti-
mated for adults and, in some countries,
have been reported to exceed 1 µg/kg. In
contaminated areas, cadmium exposure
through food may be up to several hundred
micrograms per day [2,7,9].

As diet (food and drinking-water) is the
main source of cadmium intake, and as total
intake levels are not readily available, the re-
sults of 33 studies on average dietary intakes
in 10 European countries between 1974 and
1992 were analysed. Average daily intakes
ranged from 8.6 to 90.4 µg/day, with more
than two thirds of the average estimated in-
take levels being below 20 µg/day. A value of
90.4 µg/day was obtained from one of four
Italian studies, the three others giving much
lower intake levels.

10.3.3 Tissue levels

Blood levels are usually below 1 µg/l for the
nonsmoking general (global) population,
with smokers showing levels of 1.4–4.0 µg/l
[8]. Results of 36 studies on blood cadmium
levels conducted in 14 countries of the WHO
European Region between 1972 and 1988
were analysed. Generally, low levels ranging
from 0.1 to 5.4 µg/l were found, with no ob-
vious geographical differences. Smokers had
higher levels than nonsmokers (see Box

Box 10.1: Decrease in blood cadmium levels over time in Belgium

Owing to emissions from numerous non-ferrous metal industries, environmental cad-
mium pollution in Belgium was once quite appreciable, reaching a maximum during the
1970s. Considerable improvement was achieved by the introduction of regulations to con-
trol industrial emissions into air and water. A study was recently conducted in the pol-
luted urban area of Liège, where most non-ferrous metal industries were closed for econ-
omic reasons in 1982. Blood cadmium levels in 31 men not occupationally exposed to
cadmium were monitored between 1984 and 1988. A gradual decrease in blood cadmium
levels was observed both in nonsmokers (63% decrease from 1984 to 1988, correspond-
ing to an annual decrease of 16%) and in smokers (47% decrease from 1984 to 1988, rep-
resenting an annual decrease of 12%). The overall decrease in blood cadmium was 56%
(14% per year).

In an independent cross-sectional study conducted in 1985 and 1988 in a rural area to
verify the results of the Liège study, blood cadmium levels in 1988 were found to be 40%
lower than in 1985, corresponding to an estimated average annual rate of decrease of
13%: 18% in male nonsmokers, 7% in male smokers, 14% in female nonsmokers and 11%
in female smokers.

These results demonstrate that reducing the emission of cadmium in Belgium was in
fact correlated with a decrease in environmental exposure to this metal.

Source: Ducoffre, G. et al. [12].
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10.1). Urinary cadmium concentrations were
evaluated from 13 studies conducted be-
tween 1972 and 1988 in 7 European coun-
tries. Levels of 0.14–3.0 µg/l were found,
with smokers showing higher values than
nonsmokers.

The average global cadmium concen-
tration in the renal cortex of a non-occupa-
tionally exposed person aged 50 years varies
between 11 and 100 mg/kg [7]. The average
cadmium concentration is usually 50–100%
higher in smokers than in nonsmokers [2].

The cadmium concentration in the renal
cortex is a measure of cumulative exposure.
Mean levels observed in 23 studies from 11
European countries between 1970 and 1989
ranged from 10 to 57 mg/kg wet weight. Fig.
10.1 depicts the proportional distribution of
individuals with group mean cadmium levels
in the renal cortex below given concen-

trations. Mean liver cadmium levels found in
16 studies from 10 European countries be-
tween 1976 and 1989 averaged 0.5–3.0 mg/
kg wet weight. With both renal cortex and
liver the main differences observed were be-
tween smokers and nonsmokers, with no ob-
vious differences between different regions
of Europe.

10.3.4 Evaluation of observed
exposure levels and possible
health effects

Both the intake estimates and the tissue le-
vels of cadmium analysed in this chapter are
the results of limited studies and do not per-
mit extrapolation to the general population
in the Region; nor do they provide in-

Fig. 10.1: Cadmium levels in the renal cortex of non-occupationally exposed populations
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formation on population groups exposed to
higher than average levels of cadmium. Aver-
age intakes and tissue levels of cadmium may
suggest that the health risk from exposure to
cadmium in Europe is low, but it should be
noted that variations are large and that
higher levels may be encountered in individ-
uals. The tissue concentration at which renal
injury occurs varies, but a level of 200 mg/kg
renal cortex (wet weight) was taken as the
level at which kidney dysfunction may occur.
Mean levels found in studies from the Euro-
pean Region were below this critical value.
The PTWI was set by the JECFA at 7 µg/kg
body weight, corresponding to a daily intake
of 60 µg/day for adults on the assumption
that this long-term level of intake would lead
to a maximum renal concentration of 50 mg/
kg. Average daily intakes from the available
European studies were generally below 60
µg/day. A recent study revealed that dietary
cadmium intake by the general adult popu-
lation in Belgium averaged 13.2 µg/day (95th
percentile 36 µg/day) [13]. Thus the esti-
mated average intakes in Europe do not ex-
ceed the PTWI. The situation will be differ-
ent for population groups living in heavily
polluted areas, but more specific data are
needed to assess the actual risk.

Evidence from Japan indicates that die-
tary intakes may greatly exceed the PTWI in
populations living in polluted areas. Intakes
of 160–400 µg/day have been estimated in
polluted areas, with as high as 600–2000 µg/
day in heavily polluted regions [8] sufficient
to cause adverse effects on health (Itai-itai-
like disease). Recent evidence suggests that
the risk of renal effects is low when the uri-
nary excretion of cadmium is below 2 µg/
day, corresponding to a concentration in the
renal cortex of about 50 mg/kg. According
to the data presented above, average values
in some parts of Europe reach and some-
times exceed these levels, indicating that
there is a risk of mild toxic effects on the kid-
ney. No clear-cut definition of geographical
locations with populations at risk can be
made from the available data, however, and
data were not available on occupationally ex-
posed groups.

Population groups at specific risk com-
prise smokers (smoking 20 cigarettes a day
results in an additional uptake of 1–2 µg/
day), occupationally exposed individuals
(the additional uptake may typically amount
to 25–125 µg/day) and population groups
with extremely high consumption of fish (in
particular shellfish) or mushrooms, although
the bioavailability of cadmium in shellfish
may be relatively low [8].

The mean intakes of infants (12–24
months of age) may be close to or even ex-
ceed guideline values. This is not considered
a serious problem, however, since the guide-
line value applies to long-term regular in-
takes and the exceeding of that value in in-
fancy is of limited duration.

Trends in intake over time are not clear. In
some countries they appear to be decreasing
while in others no trend is apparent.

Lead occurs naturally in the earth’s crust at
an average concentration of about 13 mg/kg
and is the most common of the heavy el-
ements. It is present in a number of minerals,
the principal ore being galena (lead sulfide).
Lead in the environment exists almost en-
tirely in the inorganic form [8,14].

10.4.1 Toxic and carcinogenic
effects

Lead is a cumulative general poison, with
pregnant women, the fetus, infants and
children up to six years of age being the most
susceptible to adverse health effects. The
toxicity of lead may to some extent be ex-
plained by its inactivation of certain enzyme
systems, by binding to protein sulfhydryl
groups or by displacing other essential metal
ions. For this reason, almost all organs and
organ systems may be considered as poten-
tial targets, and a wide range of biological ef-

10.4 Lead
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fects of lead have been documented. These
include anaemia and effects on the nervous,
reproductive and immune systems, and car-
diovascular, hepatic, renal, endocrinal and
gastrointestinal effects. Under conditions of
low-level and long-term lead exposure such
as are found in the general population, the
most critical effects are those on the devel-
oping nervous system [2]. Lead causes a
continuum of nervous system effects in
children ranging from small decrements in
cognitive ability to mental retardation, with
slowed nerve conduction and behavioural
changes. Effects on the nervous system de-
velop in children at lower blood lead levels
than in adults [2,15]. There is evidence that
cognitive ability may be affected down to le-
vels as low as 100–150 µg/l; the existence of
a threshold for effects of lead on neuropsy-
chological development is uncertain [16]
and exposure of young children should there-
fore be reduced to the lowest possible level.

Lead has been placed in Group 2B of the
IARC classification as a possible human car-
cinogen (evidence inadequate in humans,
sufficient in animals) [17].

10.4.2 Exposure

Major sources of lead in the environment in-
clude lead-based indoor paint in older dwell-
ings and atmospheric emissions due to the
combustion of lead-containing petrol or to
industrial activity. Lead persists in the en-
vironment, air being generally the principal
medium affected.

Inhaled lead contributes little to the back-
ground body burden compared to intake
from food, water, beverages and dust [15].
The daily intake of lead from air for an urban
dweller will be in the order of 6–8 µg [9].

The major source of lead in drinking-water
is the lead piping in some distribution sys-
tems. The daily intake from water varies
from 10–20 µg up to 1 mg or more [9] de-
pending on the plumbosolvency of the water.

In general, the major source of ingested
lead is food. Lead is present in a wide variety
of foodstuffs. No specific category of food

has been identified as having particularly
high levels of lead, other than foods and bev-
erages that are stored in lead-soldered cans
or lead-glazed pottery. Because of large dif-
ferences in individual diets, precise calcu-
lations of lead intake are not possible. Esti-
mates of typical daily intakes range from less
than 100 µg to over 500 µg. The worldwide
average intake for adults is about 200 µg/day
[2,9,14]. For young children, estimates of
total daily intakes are about one half the fig-
ures for adults [2]. Recent data suggest that
levels of lead in the diet appear to have been
falling in the last few years [15].

In addition to exposure from general envi-
ronmental sources, some infants and young
children receive high doses of lead through
mouthing or swallowing non-food items such
as soil, dust or flakes of lead-based paint
[15].

Thirty-one studies carried out between
1979 and 1992 to estimate the mean daily
dietary intakes of lead (including drinking-
water) in 12 European countries were re-
viewed. Mean intakes ranged from 15 to 312
µg/day, the lowest value being found in Croa-
tia and the highest in Romania. The majority
of mean intakes were between 30 and 150
µg/day. Intake levels in some of the countries
have shown a clear tendency to fall in recent
years, in parallel with the reduction of
emissions to air (see Chapter 5).

10.4.3 Tissue levels

The total body burden of an adult has been
estimated to be 100–400 mg [18], the largest
amounts being stored in bone. Blood lead le-
vels reflect total recent exposure. The major-
ity of occupationally unexposed adults have
blood lead levels below 250 µg/l [9,18,19].

Mean concentrations of lead in blood
measured in 64 different studies from 18
European countries between 1977 and 1992
were evaluated. Mean blood levels ranged
from 8 to 277 µg/l, with few studies (on few
subjects) revealing mean levels higher than
500 µg/l. In general, higher values were ob-
served in industrial areas, in particular in the
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eastern and southern parts of the continent
(see Box 10.2). Children generally had
higher blood levels than did adults from the
same geographical area. As with intake le-
vels, there has been a tendency for blood
lead levels to decrease in recent years. The
proportional distribution of individuals with
group mean blood lead levels below given
concentrations is shown in Fig. 10.2.

Five studies in 5 countries between 1983
and 1992 provided data on urinary lead le-
vels, which lay between 2.6 and 41 µg/l. Lead
levels in teeth and bone may be indicative of
longer-term exposure. The results of 15
studies in 5 countries between 1983 and
1991 revealed mean lead concentrations in
teeth and bone of between 0.3 and 13.2 µg/g,
with levels being higher in urban or polluted
areas.

10.4.4 Evaluation of observed
exposure levels and possible
health effects

According to the studies reviewed, estimated
daily intakes of lead in European countries

are below the PTWI level set by the JECFA
[21] for adults and children. For children,
however, the PTWI of 25 µg/kg body weight
may be exceeded, but only a few specific
studies in children were available. Data from
Finland indicate that the lead intake of in-
fants (12–24 months of age) approximates to
the PTWI level. The lowest intakes of lead by
infants are when they are breast-fed. In Po-
land, the intake of lead by children living in
industrial areas was double that of children
living in non-industrial areas (Box 10.3).
Considerable additional amounts of lead
may be taken up from soft water if lead pip-
ing is used in the drinking-water supply, a
problem encountered mainly in the CCEE
and in the United Kingdom.

Lead in blood is used as an indicator of re-
cent exposure and to evaluate the likelihood
of health effects. For adults, the mean values
found in blood are below the threshold levels
for haematological or neurological effects
(500 µg/l). The data indicate that, in general,
blood lead concentrations are lower in rural
than in urban areas. In a number of coun-
tries, blood lead levels have fallen following
reductions in the use of lead additives in pet-
rol while in other countries, mainly the

Box 10.2: Biomonitoring of lead in a metal-polluted Romanian town

Blood lead levels were measured in different population groups living in the city of Baia
Mare (“big mine”) in Romania, which has two outdated lead and copper smelters. Many
of the 170 000 inhabitants of the town were concerned about the large emissions of
smoke, gases and metals. Mean blood lead levels in a group of workers at the lead smelter
were found to be 774 µg/l, exceeding by far the WHO recommended upper limit for male
workers of 400 µg/l, while in workers at the copper smelter the average blood lead value
was below the limit. In adults living near the lead smelter blood lead averaged 523 µg/l,
the value recommended by WHO for the general population being 200 µg/l. In children
living near the lead smelter, mean blood lead levels of 633 µg/l were measured, a value
much higher than the 100–150 µg/l now thought likely to be associated with detectable
impairment of cognitive ability. Control children had normal mean values for a non-indus-
trial urban environment of 118 µg/l. The exposure of the population in Baia Mare to lead
proved to be among the highest ever reported. Detrimental effects on neuropsychological
development and performance in children are to be expected, but health studies were not
carried out. Considerable efforts are needed to clean up both the occupational and the
general environment.

Source: Verberk, M.M. et al. [20].
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CCEE, no such decrease has been seen.
Higher mean blood lead levels were found in
populations living near smelters or industrial
plants.

In children, mean blood lead levels were
generally below 150 µg/l. Higher mean values
were found in some countries, particularly in
one study from Hungary (248 µg/l) and two
from Romania (196 and 633 µg/l) (see
Box 10.2). With such mean values, some
children must be exposed to lead at levels
that will have severe effects on neuropsycho-
logical development and intelligence.

Lead levels in teeth and bone are possible
indicators of longer-term exposure. Too few
data were available to permit generaliz-
ations, but some studies from Germany
clearly demonstrate the tendency for lead le-

vels in teeth to decrease in recent years,
while most studies show higher levels in
urban than in rural populations.

Mercury is a naturally occurring heavy
metal. The major source of mercury in the
biosphere is the natural degassing of the
Earth’s crust emanating from land areas,
river beds and ocean floors [22]. Apart from
the elementary, metallic form, inorganic
mercury exists in the mercurous (monoval-
ent) and mercuric (divalent) states. Mercury
can form organometallic compounds, some

10.5 Mercury

Fig. 10.2: Lead levels in the blood of non-occupationally exposed people by age, 1971–1992
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of which have found industrial and agricul-
tural uses [23]. Among these, methylmer-
cury is produced in nature as a result of
microbial activity [2,24]. Mercury is present
in the environment as a result of its numer-
ous uses: in chloralkali plants, paints, electri-
cal switching equipment and batteries,
measuring and control equipment, the pro-
duction of lamps and explosives, copper and
silver amalgams (tooth filling materials) and
agricultural fungicides. In addition, the burn-
ing of fossil fuels, the smelting of various
metals, the manufacture of cement and the
disposal of wastewater may contribute sig-

nificantly to mercury releases into the en-
vironment [2].

10.5.1 Toxic and carcinogenic
effects

Different chemical forms of mercury have
different toxic properties, the most toxic
species being methylmercury. With metallic
mercury, exposure is mainly via vapour inha-
lation. Acute effects are predominantly re-
spiratory including, in some cases, intersti-
tial pneumonitis that may prove fatal. The

Box 10.3: Assessment of the lead hazard in Poland: an example of national risk assessment
of a multimedia pollutant

A group of 12 Polish experts evaluated data on sources of emission and environmental le-
vels of lead, as well as data on intake levels and body doses in children and adults, from
both reference and contaminated areas in Poland. The report states that the total
emission of lead has decreased since 1987. The main sources of emission were found to be
motor traffic, industry (mainly non-ferrous metal processing) and industrial waste dis-
posal. Total lead emissions in Poland are comparable with those in other European coun-
tries. Levels of lead in ambient air in most Polish cities do not exceed the WHO guideline
level of 0.5 µg/m3. This does not apply, however, to some Silesian cities (Katowice, Tar-
nowskie, Gçry and Zawiercie) where the levels slightly exceeded 1 µg/m3 in 1991, having
decreased considerably over the previous few years. Air lead levels in other Silesian cities
were below 0.5 µg/m3. Soil levels observed in Poland are generally low except in Silesia,
where soil concentrations may reach several thousand mg/kg, particularly in the neigh-
bourhood of metal processing plants.

Intake of lead from food in Poland was found to be below the PTWI for adults. Median
intake levels in children were also below the PTWI of 0.025 mg/kg body weight. In both
cases, however, the data were from the early 1980s. Additional data on blood lead levels in
non-occupationally exposed adults between 1988 and 1992 indicated that geometric
means were below 90 µg/l for males and 60 µg/l for females in non-polluted areas. In pol-
luted areas of Upper Silesia and Legnica-Glogow, geometric means of between 100 and
210 µg/l were observed, with some as high as 400 µg/l (in men) in highly contaminated
areas of Silesia. In children, high levels of blood lead were found in certain areas of Silesia
as well as in Legnica-Glogow, indicating the need for remedial action. The geometric
means were 70–156 µg/l, showing a marked decrease from around 260 µg/l (98th percen-
tile at 480 µg/l) in 1982–1985. In occupationally exposed individuals, blood lead levels
frequently exceeded 600 ug/l, the level adopted as the threshold limit in Poland.

The group concluded that the lead hazard in Poland does not concern the whole popu-
lation, but is associated with point sources of emission. Measures related to assessment,
emission control and prevention of exposure were recommended.

Source: Pietrowski, J., personal communication, 1993.
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main target organ for long-term effects of
metallic mercury is the nervous system,
symptoms including tremor and behavioural
effects such as deficits in short-term memory
and social withdrawal. Effects on motor
function are also observed, but these are gen-
erally reversible. The kidney may also be af-
fected, with responses ranging from mild
proteinuria to the nephrotic syndrome [23].

Less information is available on the ef-
fects of long-term exposure to divalent inor-
ganic mercury compounds. Ingestion of mer-
curic salts has been reported to cause ulce-
rative gastroenteritis and renal tubular necro-
sis [23]. Occupational exposure to mercuric
oxide has resulted in damage to the periph-
eral nervous system [2].

The target organ for methylmercury is the
nervous system. In adults, areas of the brain
concerned with sensory and coordination
functions are mainly affected [2,24]. Acci-
dental intoxications have occurred, such as
the Minimata and Niigata incidents in Japan
and the Iraqi outbreak in 1971–1972 (follow-
ing the consumption of grain dressed with al-
kylmercury fungicides) which were accom-
panied by a range of neurological effects.
Prenatal exposure to methylmercury is as-
sociated with a substantially higher level of
risk. The fetal nervous system, in particular
the brain, is especially vulnerable. Prenatal
exposure to levels yielding 10–30 µg mercury
per gram of maternal hair may result in mild
effects in the offspring such as psychomotor
retardation [2,24].

There is no evidence that inorganic mer-
cury is carcinogenic [23]. Some experimen-
tal feeding studies with methylmercury have
shown that renal carcinoma may occur at
high doses, but no evidence exists that it is
carcinogenic in humans [24]. Mercury has
not been evaluated by IARC.

10.5.2 Exposure

The total global release of mercury into the
atmosphere due to human activity is esti-
mated at 2000–3000 tonnes per year.
Emitted mercury vapour is converted to sol-

uble forms and deposited by rain on to soil
and water. Methylation results in mercury
entering the food chain and binding tightly
to protein, leading to its possible bioaccumu-
lation, particularly in fish [23].

Intake of mercury from air is largely as
mercury vapour, with inorganic mercury
compounds and methylmercury contributing
5% and 20% of total intake by inhalation, re-
spectively. Total average intake of mercury
from air has been estimated to be around
0.04 µg/day [24] to 0.2 µg/day [2] for the
general (global) adult population.

Mercury intake from drinking-water is as-
sumed to be generally less than 0.05 µg/day
[2,24], the prevailing form being its inor-
ganic salts.

The major source of exposure to mercury
in the general environment is food. Average
intakes of inorganic mercury from food (ex-
cluding fish) have been estimated to be
around 3.6 µg/day, with fish contributing on
average an additional daily intake of 0.6 µg.
Methylmercury intake is generally due to
fish consumption and averages globally
around 2.4 µg/day for adults [24]. With high
fish consumption dietary intakes may be sub-
stantially greater, particularly where waters
are affected by acid deposition and/or indus-
trial pollution.

An additional source of possible exposure
to elemental mercury is the amalgam in den-
tal fillings. It is, however, difficult to make
accurate quantitative estimates of its release
and uptake from this source [23].

Data on total intake levels are not readily
available. Diet accounts for most of the mer-
cury intake in humans, and the results of 13
studies and surveys in 11 European countries
between 1980 and 1992 were reviewed. Aver-
age daily intakes ranged from 1.1 to 22 µg
mercury per person.

10.5.3 Tissue levels

Results of 35 studies on blood mercury le-
vels in 12 countries of the European Region
conducted between 1973 and 1991 were ana-
lysed. In population groups with normal le-
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vels of fish consumption mean values rang-
ing from 0.7 to 12 µg/l whole blood were ob-
served, with two studies from Italy showing
average levels of 17 and 25 µg/l and a study
from Glasgow, United Kingdom, revealing a
mean blood mercury concentration of 27.2
µg/l. In population groups with high levels of
fish consumption (four or more fish meals
per week) averages of 47.5–165 µg/l whole
blood were observed. In all these studies,
variations among individuals were large. No
differentiation could be made between or-
ganic and inorganic mercury. In a recent re-
view of normal concentrations of mercury in
blood [25], analysis of available data for all
regions of the world substantiated the strong
correlation between mercury blood level and
fish consumption. (These studies were
mostly carried out in Canada, Finland,
Sweden, the United Kingdom, the United
States and the former Yugoslavia.)

In six studies in five countries of the Euro-
pean Region between 1988 and 1991, mean
mercury levels in urine ranged from 0.9 to
2.8 µg/l. Again, however, individual vari-
ations were large with peak levels up to 54.4
µg/l.

Three studies in two countries revealed
average concentrations in hair of 0.25–3.2
µg/g in non-exposed and 7.6 µg/g in exposed
populations. Within the framework of the
Long-term Programme of Pollution Monitor-
ing and Research in the Mediterranean Sea,
data on levels of total mercury in the hair of
880 individuals living in Greece, Italy and
the former Yugoslavia were collected [26].
Values for total mercury ranged from 0.08 to
66.9 µg/g, with 4% of the samples exceeding
10 µg/g. In a subgroup of 146 subjects,
methylmercury levels were also measured
and ranged from 0.19 to 52.2 µg/g, with 22%
of the samples exceeding 10 µg/g.

Levels of mercury in human milk indicate
that intakes by breast-fed infants will not ex-
ceed tolerable levels. In a study from
Sweden, levels of 3.1 µg/kg total mercury
and 0.6 µg/kg methylmercury were found in
the milk of women consuming fish from
Swedish coastal areas of the Baltic Sea.

10.5.4 Evaluation of observed
exposure levels and possible
health effects

The intake estimates and tissue levels of mer-
cury in European countries reported in this
chapter are the result of studies limited to a
small number of individuals and do not per-
mit extrapolation to the general population.
Moreover, the reported averages do not re-
flect the possibly large variations that might
lead to higher levels in some groups of the
population. The daily dietary intakes re-
ported here are well below the PTWI for
total mercury of 5 µg/kg body weight per
week, equivalent to 43 µg/day (or 300 µg/
person per week). Of this value, no more
than 200 µg should be present as methylmer-
cury [27,28]. No data were available, how-
ever, on the contribution of methylmercury
to total dietary intake. Only average intakes
are reported, although the risk for some
population groups such as those consuming
large quantities of fish is certainly higher.

No PTWI for methylmercury could be set
for pregnant women and nursing mothers, as
insufficient data were available on the mag-
nitude of additional risk to the developing
nervous system of the fetus and infant [28].

Urinary levels of mercury associated with
mild proteinuria have been estimated to be
around 50 µg/l [2] or 30–100 µg/g creatinine
[23]. The average levels observed in the few
studies reviewed in this chapter are much
lower, though this does not exclude risk
since the peak values observed are of con-
cern.

The blood levels reported indicate that
populations consuming large quantities of
fish may attain blood levels of mercury as-
sociated with a risk of neurological damage
to adults (5% risk at 200 µg methylmercury
per litre whole blood) [2,24]. A blood level
of 200 µg/l methylmercury was the lowest as-
sociated with neurological effects following
the accidental exposures in Iraq and Japan.
The risk to the fetus cannot be assessed, but
it is certainly increased when pregnant
women consume large amounts of fish.
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The risk becomes more evident in data
from studies on human hair. The incidence
of motor retardation of children may rise
over background levels when mercury in ma-
ternal hair reaches levels of 10–20 µg/g [24].
Mercury levels in hair above 10 µg/g were
observed in 4% of the subjects in the WHO
survey in three Mediterranean countries
[26]. Thus there is a reason to be concerned
about possible effects on the developing
nervous system in some areas of Europe.
The risk of adverse effects of mercury is low,
however, for the larger part of the European
population consuming moderate quantities
of fish.

Pesticides comprise four major classes: insec-

Pesticides comprise four major classes: insec-
ticides, fungicides, herbicides and miscel-
laneous substances (rodenticides, nemato-
cides, plant growth regulators, pheromones,
etc.). The world market in pesticides in 1990
was about US $26400 million. Europe,
which accounts for approximately 40% of the
market, is the continent making the greatest
use of these substances – more than 1 million
tonnes are applied every year. Herbicides
(38%) and fungicides (33%) represent the
most widely used types of pesticide in Euro-
pean countries (Agrofarma,a unpublished
data, 1992).

10.6.1 Toxic and carcinogenic
effects

The pesticides currently in use include a
wide variety of chemicals with great differ-
ences in their mode of action on, uptake by,
biotransformation in and elimination from
the body. The resulting toxicity to humans

a Italian association of industries manufacturing
and formulating products for agriculture.

10.6 Pesticides

therefore varies greatly with different com-
pounds and depends on the chemicophysical
structure of the molecules.

Several pesticides possess high or moder-
ate acute toxicity. Acute intoxication may re-
sult from accidental or inadvertent exposure
when proper handling procedures are not
followed, or from attempted suicide. Table
10.1 shows some organs and systems of the
human body that may be affected after acute
exposure to compounds of the main pesti-
cide classes.

The real incidence of acute pesticide poi-
soning is not known. Published reports are
based on hospital admissions, which include
only the most serious cases, or are derived
from the official reports to health author-
ities, which are known to greatly underesti-
mate the extent of the problem. However, es-
timates based on hospital admission data
and population surveys suggest that the
world total for the number of cases of unin-
tentional acute poisoning with severe mani-
festations probably exceeds 1 million per
year, with a case fatality rate of 0.4–1.9%; it
has been estimated that occupational expo-
sures account for 70% of these cases. It has
also been estimated that there are an addi-
tional 2 million cases of intentional poison-
ing (mainly attempted suicide) [30].

The incidence of acute pesticide poison-
ing in the European Region is not known,
but is thought to vary substantially among
countries. National statistics based on offi-
cial reporting to health authorities in west-
ern European countries give an annual rate
of about three cases per million population.

Besides acute effects from high-dose expo-
sures, a large body of data from animal ex-
periments supports the possibility of long-
term health effects following prolonged ex-
posure to low doses of pesticides. However,
the relevance of these data to humans is li-
mited, and epidemiological confirmation is
available only for some effects.

Most of the published epidemiological
studies on long-term health effects relate to
the occurrence of cancer, while non-cancer
health effects have been less frequently inves-
tigated. Well established evidence of associ-
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ation between prolonged exposure to pesti-
cides and chronic diseases is summarized in
Table 10.2 [31]. Moreover, allergic derma-
toses have been related to a number of pesti-
cides.

A large number of epidemiological studies
have investigated the possible association be-
tween exposure to pesticides and specific
cancers. Table 10.3 lists the types of cancer
studied and the classes of pesticide that may
possibly be associated with them. It should
be noted that a firm association between ex-
posure and cancer has been established only
for arsenical pesticides and the occurrence

of lung neoplasia [32]. In all other cases, the
epidemiological studies provide inconclusive
evidence of association. Exposure assess-
ment, in particular, is a critical factor limit-
ing interpretation of these studies; direct
measurements of exposure (ambient concen-
trations and biological monitoring) were not
available in most epidemiological investi-
gations.

The EU standards for pesticide residues in
drinking-water are 0.1 µg/l for each active in-
gredient and 0.5 µg/l for the sum of pesti-
cides. These standards are lower than the
health-based guidelines prepared by the

Table 10.2: Non-cancer health effects in humans from prolonged exposure to selected pesticides
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World Health Organization [9] as they are
not based on toxicological considerations
but rather with the objective of setting a
“high purity” standard just above the analyti-
cal detection level. It should be noted that
those countries that have adopted such low
levels have reported great difficulty in com-
pliance, due to current agricultural practice.

The International Agency for Research on
Cancer has also evaluated a number of pesti-
cides for their carcinogenic risk in exposed
populations and/or in experimental animals
[32].

10.6.2 Exposure

Exposure to pesticides concerns several
groups of workers engaged in different occu-
pations, and also the general population.
Table 10.4 shows the estimated number of
people in the EU occupationally exposed to
pesticides.

Industrial workers are usually exposed to a
limited number of pesticides in the form of
concentrated substances mixed with inter-
mediates of production and other chemicals.
The exposure is continuous or intermittent.

Table 10.3: Specific cancers investigated in association with long-term exposure to pesticides

Table 10.4: Groups occupationally exposed to pesticides in the European Union
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Exposure takes place indoors, inhalation
being an important route of absorption, and
the level of exposure is rather stable and pre-
dictable.

By contrast, agricultural workers use many
different pesticides, with diluted ingredients
and for limited periods of time. Duration of
exposure in agriculture may typically range
from a few days to one month per year, with
the exception of professional applicators
whose length of exposure can approach that
found in industrial workers. Exposure inten-
sity in agriculture is extremely variable, de-
pending on a number of factors related to
field size, type of crop, mode of application,
operator skill, climatic conditions and the
use of personal protection. All these factors
make the prediction of exposure levels diffi-
cult and strongly linked to individual and
local determinants. Skin exposure, which
may be easier to control in industry, has
proved to be the most important route of ex-
posure in agriculture.

The general population may be exposed to
pesticides in several ways. For example, resi-
dents living in farming areas may be exposed
to pesticide sprays in the air, depending on
their proximity to the crops being treated.
However, ingestion of pesticide residues via
food and drinking-water as a result of their
extensive use in agriculture represents the
main route of exposure for the general popu-
lation.

Using mathematical models to estimate
the environmental fate of pesticides, it has
recently been calculated [34] that in 65% of
the EU’s agricultural land the established
drinking-water standard for the sum of pesti-
cides will be exceeded. In approximately
25% of that area, the standard will be ex-
ceeded by more than tenfold.

The definition of standards for pesticide
residues in food is made regularly by the
Joint FAO/WHO Meeting on Pesticide Resi-
dues, which formulates recommendations on
acceptable daily intakes (ADIs) and maxi-
mum residue limits (MRLs). These are ac-
cepted as national standards in most coun-
tries.

In evaluating the exposure to pesticides

via food, several elements must be con-
sidered. Different kinds of food involve dif-
ferent pesticides in their production, differ-
ent kinds of food are eaten in different
amounts by the general adult population of a
particular country and in different countries,
and the proportion may vary widely for in-
fants or other special groups [35].

Few data are available on the levels of die-
tary intake of pesticides by the European
population. Tables 10.5 and 10.6 show the
results of some studies carried out in Italy
and the United Kingdom [36,37]. In all
these studies the estimated daily intake for
each of the investigated compounds was
lower than the respective ADI.

This is also true for other available
national data on pesticide residues in total
diet studies. These show that, in general, cal-
culated intakes of pesticides are often only
1% or less of the ADI [38,39]. In the CCEE
and NIS, however, available data are insuffi-
cient to allow the conclusion that this as-
sumption applies to the whole Region, par-
ticularly in view of the fact that in the CCEE
and NIS pesticide use is high. Recent data
from Romaniaa indicate that DDT intakes
are still high in certain parts of the country,
and may approach or exceed the ADI. A
similar situation may exist in some other
European countries, for children or other
population groups whose diet differs signifi-
cantly from the national average.

Official reports of monitoring pro-
grammes on pesticide residues in drinking-
water and food in Europe are rather limited.
In many cases data are available at the local
level but are not centrally evaluated. For this
reason a comprehensive evaluation of pesti-
cide exposure levels is not possible.

10.6.3 Tissue levels

Some persistent and non-persistent pesti-
cides can be detected in blood, serum, urine
and adipose tissue, both in occupationally

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.
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exposed subjects and in the general popu-
lation.

Occupationally exposed workers may have
relatively high pesticide tissue levels as a re-
sult of recent exposure; these are closely re-
lated to the intensity and pattern of expo-
sure. Pesticides that can be detected in the
general population are those that show a

strong tendency to accumulate in the body.
Organochlorine pesticides are the sub-
stances most investigated since their high li-
posolubility facilitates their bioaccumulation
through the food-chain [40]. The residues
most frequently found in adipose tissue were
DDT, hexachlorocylohexane, dieldrin and
heptachlor epoxide, and in human milk

Table 10.5: Dietary intake of pesticide residues in Italy (1986–1987)

Table 10.6: Dietary intake of organochlorine residues in the United Kingdom
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DDT and its main metabolite DDE, hexach-
lorobenzene, hexachlorocyclohexane, diel-
drin and heptachlor epoxide [30].

10.6.4 Evaluation of observed
exposure levels and possible
health effects

Pesticides may represent a risk to human
health. However, knowledge of their adverse
effects is mostly confined to acute effects
from high-dose exposure, while their role in
the development of adverse effects from pro-
longed exposure to low doses, as occurs in
both workers and the general population, is
still controversial. The available data do not
suggest that, in general, dietary pesticide in-
takes exceed the ADI levels.

A number of studies have attempted to
evaluate the patterns of morbidity and mor-
tality of populations living in particular geo-
graphical areas where, as a result of their ex-
tensive use, pesticides may have contami-
nated drinking-water and food. Increased fre-
quencies of certain types of cancer have
been observed (e.g. stomach cancer or lymp-
homa in rural areas) but any association
with pesticide exposure remains ill-defined
and difficult to establish [31].

Nitrates are present naturally in soil, water,
plants and meat [9,41]. They are also present
in low concentrations in air. In the natural
environment, nitrifying bacteria convert am-
monium ions into nitrites and nitrates. Ni-
trate levels in soil and water may be in-
creased through human activity including
the use of nitrogenous fertilizers [41].

10.7.1 Toxic and carcinogenic
effects

The effects of nitrate on health are generally
a consequence of its ready conversion to ni-

10.7 Nitrate

trite in the body [9]. Nitrite reacts with hae-
moglobin to produce methaemoglobin (a
form of the pigment that is incapable of
transporting oxygen). In adults, this is
rapidly reduced back to oxyhaemoglobin. In
infants up to three months of age, however,
the relevant enzyme system is incompletely
developed and the methaemoglobin formed
may build up, resulting in the potentially
fatal clinical condition known as methae-
moglobinaemia [9,41].

The conversion of ingested nitrates into ni-
trites occurs in the mouth or elsewhere in
the body where the acidity is relatively low.
Under certain conditions, nitrites may react
with secondary and tertiary amines and
amides (derived from food and beverages) to
form nitrosamines or amides.

There are no appropriate data from ani-
mal studies to demonstrate the carcinogenic-
ity of nitrate via the formation of nitrosa-
mines [9] but tests in many animal species
have shown that a number of nitrosamines
are carcinogenic. There is no direct evidence
of their carcinogenicity in humans. Several
epidemiological studies have been carried
out to investigate the possible carcinogenic
effect in humans of nitrate in drinking-water,
but the evidence remains inconclusive.

10.7.2 Exposure

Accumulation of nitrate in the environment
is a result of the extensive use of nitrogen-
based fertilizers in agriculture, the increase
of nitrogenous wastes from livestock and
poultry production, and urban sewage treat-
ment. The primary media affected are soil
and water.

Inorganic and organic forms of nitrate
also occur in small concentrations in air. It
has been estimated, for areas with high levels
of nitrogen compounds in the air, that if all
these compounds were absorbed by an adult
it would amount to an intake of approxi-
mately 0.1 mg nitrate-N per day [9,41].

The concentrations of nitrate in water
vary widely depending on the water source.
Typically the intake is below 20 mg nitrate-N
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per day, but in rare circumstances it could be
more than five times this value [9]. The
WHO drinking-water quality guideline level
is 50 mg/l.

In general, the major source of nitrates is
food. Certain vegetables, including cabbage,
celery, lettuce, potatoes, several root veg-
etables and spinach, contain relatively high
levels of nitrate. The quantities of nitrates in-
gested from the diet range from about 120
mg to 230–300 mg of nitrate per day, but
may be substantially higher. A daily intake
from food alone for a two-month-old infant
has been estimated to be approximately 25
mg nitrate-N [9]. Because of the relatively
large fluid intake of infants compared to
adults, intakes from drinking-water may
comprise a large proportion of the total in
this age group.

The results of 21 studies yielding estimates
of intake levels by ingestion in 11 countries
of the WHO European Region between 1976
and 1992 were reviewed. Average values
ranged from 32 to 245 mg nitrate per day,
with nitrite intake averaging 0.3–4.5 mg/day.
Most average intake levels lay between 50
and 160 mg/day, with a low of 32 mg/day
from Romania and the highest level of 245
mg/day being one of three estimates from
Italy.

10.7.3 Tissue levels

Few studies from the European Region were
available for review. Mean nitrate excretion
levels in urine of 32–96 mg/day were ob-
served in two studies carried out between
1985 and 1989. Levels in saliva measured in
two further studies in 1990 and 1991 ranged
from 3.6 to 23.4 mg/l, while in gastric juice
one study revealed a concentration of 17.8
mg/l. In a Dutch study [42] the level of ni-
trate in saliva clearly correlated with that in
drinking-water; validation of this may prove
useful as an indicator of nitrate intake from
this source. Urinary excretion of some nitro-
sation products has also been suggested as
an estimate of exposure, but the correlation
with nitrate intake is generally poor.

10.7.4 Evaluation of observed
exposure levels and possible
health effects

Average daily intakes of nitrate estimated in
studies from different European countries
were all below the ADI for adults established
by the JECFA of 0–300 mg/day [43]. Esti-
mates from the United Kingdom range from
185 to 194 mg/day, which is still within the
ADI although the estimates do not include
tap water. Vegetarians can be expected to
have higher intakes, as vegetables make up
around 97% of their diet. No specific studies
of daily intakes by infants and small children
were available.

The levels in human body fluids do not
permit any clear-cut conclusions.

Although average nitrate intakes in Eu-
rope reviewed in this chapter are below levels
of concern this does not imply a lack of risk,
particularly in the case of infants and small
children. In certain areas where extensive
use is made of nitrogen fertilizers and/or
there is high production of animal wastes, in-
take of nitrate through drinking-water and
food may be higher than the estimated aver-
age. Nitrate levels in some samples of drink-
ing-water were shown to exceed 100 mg/l in
Bulgaria and Romania (100 mg/ml is the
level above which infant methaemoglobinae-
mia may occur). Infant deaths due to me-
thaemoglobinaemia have been reported in
the CCEE.

Benzene is a monocyclic aromatic com-
pound, present in the environment as a re-
sult of both natural processes and human ac-
tivities. Natural sources, which include vol-
canoes and forest fires, account for a small
proportion of the total. Benzene is also a
natural constituent of crude oil. Motor ve-
hicle emissions (of both natural and combus-
tion products) and industrial processes are

10.8 Benzene
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the main sources of benzene in the ambient
environment and in the interior of motor ve-
hicles; in all indoor environments, tobacco
smoke contributes significantly to benzene
exposure [2].

10.8.1 Toxic and carcinogenic
effects

Acute exposure to high concentrations of
benzene results in central nervous system de-
pression [9]. The chronic toxicity of benzene
is presumed to be due to several metabolites.
Persistent exposure to toxic levels of benzene
can damage bone marrow, the early manifes-
tations being anaemia with low counts of
white blood cells and platelets. In severe
cases, fatal aplastic anaemia develops [2].

A large number of cases of myeloblastic
and erythroblastic leukaemia associated with
occupational exposure to benzene have been
reported. Some cases of chronic myeloid and
lymphoid leukaemia, and of related malig-
nant lymphoproliferative diseases, have also
been reported in connection with known
benzene exposures [2]. Benzene has been
placed in Group 1 of the IARC classification
as a known human carcinogen [44].

10.8.2 Exposure

Sources of benzene emissions are petrol (in-
cluding production during combustion) and
the petrochemical industry. Also, benzene is
used as a solvent in a number of industrial
processes. It is relatively unstable in air or
soil, but more persistent in groundwater.

Air is the primary source of benzene expo-
sure for the general population. The daily
(global) average intake for an adult at typical
ambient benzene levels has been estimated
to be about 160 µg/day [2]. Air inside motor
vehicles may contain higher levels. Intake via
environmental tobacco smoke may be quite
considerable. Tobacco represents an import-
ant source of exposure for smokers, esti-
mates of uptake ranging from 10 to 30 µg per
cigarette [2].

The intake of benzene from drinking-
water is minimal compared with intake from
food and air [9]. No estimates of total daily
intake were found. There are few data on le-
vels of benzene in foods, although there are
indications that benzene occurs naturally in
some fruits, fish, vegetables, nuts, dairy
products, beverages and eggs [9]. The daily
(global) average dietary intake of benzene
has been estimated to be in the order of 100–
250 µg/day. Conventional cooking may in-
crease the benzene content of food [2].

Eight studies from six European countries
on estimated average intakes of benzene via
inhalation between 1981 and 1992 were re-
viewed. Values ranged from 0.7 to 504 µg/
day, the average intake in urban areas being
around 150 µg/day with much lower intakes
in rural and clean air areas. Mean intake le-
vels from food were found to be less than
180 µg/day in the Netherlands.

10.8.3 Tissue levels

Different possibilities exist for the assess-
ment of exposure and body burden.
Measurement of benzene levels in exhaled
air is a highly sensitive method, but to date
only a few studies on occupational and/or
voluntary exposure have been performed.
Owing to the rapid exhalation and metab-
olism of benzene, toxicokinetic parameters
must be considered. Blood levels of benzene
have rarely been measured, and no data were
found on populations in Europe exposed to
benzene in the general environment.

The most sensitive means of assessing ex-
posure to benzene by urine analysis is to
measure phenol excretion, as benzene yields
substantial amounts of phenol metabolites.
The results of six studies from five European
countries conducted between 1955 and 1991
showed mean urinary phenol levels of 1.8–
17.8 mg/l. It should be noted, however, that
the excretion of phenol may also stem from
the metabolism of alimentary and endogen-
ous amino acids. Measurement of a more
specific benzene metabolite in urine might
be more useful.
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10.8.4 Evaluation of observed
exposure levels and possible
health effects

Only limited data on exposure to benzene
are available. In general, however, exposure
is higher in urban than in rural areas. Ben-
zene is a carcinogen and exposure of the
population should be reduced to the lowest
possible level, though it cannot be totally
avoided. The estimated cancer risk is
4  10–6 for exposure to 1 µg/m3 over a life-
time.

Other sources of benzene include the in-
door environment, with time spent travelling
(especially in motor vehicles) contributing
significantly to total exposure. Environ-
mental tobacco smoke also contributes to
total exposure. In addition, pollution of the
soil with petrol or with chemical waste may
incidentally contribute to increased concen-
trations of benzene in the air.

Smokers constitute the main population
group at special risk, as smoking is a large
contributor to benzene intake. Smoking 20
cigarettes a day may provide an additional
daily intake of 200–600 µg benzene, exceed-
ing by far the intake from the general en-
vironment. Environmental exposures are ap-
proximately 5–10 times below the occupa-
tional levels that may be associated with hae-
matological effects.

Polynuclear (or polycyclic) aromatic hydro-
carbons (PAHs) are organic compounds
consisting of two or more benzene rings.
PAHs are present in the environment from
both natural and man-made sources, mainly
as a result of pyrolytic processes (incomplete
combustion of organic compounds). PAHs
are widely distributed in the environment,
having been detected in animal and plant tis-
sues, sediments, soil, air and various water

10.9 Polynuclear Aromatic
Hydrocarbons

sources. There are several hundred PAHs,
the best known being benzo[a]pyrene (BaP)
which usually constitutes less than 5% of the
total. The relationship between the amount
of BaP and some other PAHs is termed the
“PAH profile” [2,9,45].

10.9.1 Toxic and carcinogenic
effects

Little information is available on the acute
or chronic toxicity of PAHs after ingestion.
On the basis of experimental results, carcino-
genic effects are expected to be the most im-
portant.

There is a lack of adequate population
studies on the relationship between exposure
to PAHs and lung or other cancers. But
PAHs have been shown to be carcinogenic in
a number of animal experiments, and several
studies of workers have shown an increased
risk of skin and scrotal cancer after exposure
to soots, tars and mineral oils, and of lung
cancer after exposure to coal gas and coke-
oven emissions [2,9,46]. Little research has
been conducted on the carcinogenic effect of
ingested PAHs, even though the oral intake
may be much higher than the inhaled intake
in the general population [2]. Long-term
feeding studies with PAHs are currently
under way.

As a group, PAHs have not been evaluated
for carcinogenicity by IARC. BaP has been
placed in Group 2A of the IARC classifi-
cation as a probable human carcinogen (li-
mited evidence in humans, sufficient evi-
dence in animals) [47].

10.9.2 Exposure

The major source of PAHs in the environ-
ment is the combustion of fossil fuels for
energy and transportation, besides emissions
from the petrochemical, iron and steel, non-
ferrous metal, rubber and wood industries.
The primary environmental medium is air.
Lifestyle factors, such as tobacco smoking
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and some types of food preparation (barbe-
cuing and smoking) contribute significantly
to total exposures to PAHs. Smoking ten
cigarettes a day may result in an estimated
additional intake of 0.1–0.2 µg BaP per day.

The daily (global) average intake of BaP
by inhalation of polluted ambient air has
been estimated to be 0.4 µg. However, the
BaP intake in clean rural areas may be no
more than 1% of this amount [2]. PAH con-
centrations may be quite considerable in the
indoor environment owing to the combus-
tion of fossil fuels for heating and cooking
and/or to environmental tobacco smoke.

It has been estimated that the typical daily
intake of PAHs from drinking-water is only
0.1% of the total daily oral intake [9].

Polynuclear aromatic hydrocarbons are
detected in a wide range of meat, fish, veg-
etables and fruits and are found in substan-
tial quantities in some prepared foods, de-
pending on the method of cooking, preserva-
tion or storage. Estimates of total intake of
PAHs from food range from 1.6 to 16–27 µg/
day [2,9,45]. Various estimates of the aver-
age (global) dietary intake of BaP have been
made: 1.0–3.3 µg/day, 0.16–1.6 µg/day and
0.25 µg/day (total PAHs 3.7 µg/day) [45].

The results of eight studies conducted in
different European countries between 1977
and 1992 on estimated dietary intakes of
BaP revealed average levels ranging from
0.05 to 0.25 µg/day. In four of these studies
total intake of 9–16 different PAHs was also
estimated, with values ranging from 2.1 to
6.8 µg/day.

10.9.3 Tissue levels

There have been several attempts to deter-
mine the levels of PAHs in both normal
human tissues and tumours.

In one study, samples were taken at
autopsy from people ranging in age from
birth to the fifth decade. The overall average
in tissue (liver, spleen, kidney, heart and skel-
etal muscle) was 0.32 µg/100 g dry weight.
In lungs and in tissues with high cellular pro-
liferative activity such as secreting glands

and bone marrow, the average was 0.2 µg/
100 g. In other studies, average tissue levels
of BaP were found to be 3.5 µg/g (carci-
noma) and 0.09 µg/g (tumour-free) [46].

One of the methods used to assess expo-
sure to PAHs is the measurement of urinary
excretion of 1-hydroxypyrene, a major PAH
metabolite in humans. In occupational
studies, control values ranged from 0.46 to
0.98 µg/g creatinine. In workers who smoke
heavily, this value rose to 1.2 µg/g creatinine.
The method suffers from a lack of sensitivity
(only large variations in exposure can be de-
tected) and the fact that the relationship be-
tween exposure to PAHs and excretion of the
metabolite is far from linear.

Measurement of DNA adducts derived
from PAHs in white blood cells has been em-
ployed to assess exposure to PAHs, mainly in
the occupational environment, in smokers
and in individuals living in highly polluted
areas. In any population, the mean level of
DNA adducts seems to reflect group expo-
sure, but there is a wide variation in adduct
concentration among individuals with the
same estimated exposure (Box 10.4). This
wide range of individual variability is prob-
ably due to a number of factors, including
inter-individual differences in metabolism
[48].

10.9.4 Evaluation of observed
exposure levels and possible
health effects

Levels of intake of BaP and other PAHs re-
viewed here are not representative and vary
widely. To assess the extent of exposure of
the general population to PAHs, more accu-
rate and sensitive methods need to be devel-
oped, validated and used. Owing to the carci-
nogenic nature of this group of compounds,
exposure should be reduced to the lowest
possible level. The cancer risk associated
with lifetime exposure to 1 µg/m3 is esti-
mated to be 9  10–2. Exposure cannot be
totally avoided, however, as PAHs are ubiqui-
tously present in the environment. For
example, BaP may be present in unpolluted
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urban air at concentrations of 1–5 ng/m3,
and occupational exposures may be three
orders of magnitude greater. Since individual
exposure to PAHs is to a large extent related
to lifestyle, particularly smoking, it can be
significantly reduced through individual
choice.

Polychlorinated biphenyls (PCBs) are syn-
thetic compounds, and have been used as
heat transfer fluids, organic diluents, plasti-
cizers, lubricant inks, fire retardants, paint
additives, sealing liquids, immersion oils, ad-
hesives, and dielectric fluids for capacitors
and transformers. In total, there are 209
possible PCB isomers, and the composition
of commercial PCB products is therefore
highly complex. The relative number of con-
geners and their concentrations in the prod-
ucts depend on the degree of chlorination of
the mixture [50]. Some of the congeners ex-
hibit biochemical and toxicological effects
similar to those produced by polychlor-

10.10 Polychlorinated Biphenyls

inated dibenzo-p-dioxins and dibenzofurans
(PCDDs and PCDFs, see below). Lipophil-
icity is an important property of this group
of compounds.

10.10.1 Toxic and carcinogenic
effects

The evaluation of toxicity studies is difficult
since the various commercial PCB mixtures
are not well defined and many are contami-
nated with PCDFs and other related chlor-
inated compounds. The presence of these
contaminants is thought to be at least partly
responsible for a number of effects observed
[50,51] with PCBs (see below).

Information on the effects of PCBs in hu-
mans were obtained following a large-scale
incident in Yusho, Japan, in which over 1000
people showed signs of poisoning from the
ingestion of rice oil contaminated with PCBs
from a heat transfer liquid. The most striking
effects were hypersecretion in the eyes, pig-
mentation and acneiform eruptions of the
skin, and disturbances of the respiratory sys-
tem [52]. Symptoms similar to those of
Yusho patients have been observed in
workers in a Japanese condenser factory, in-

Box 10.4: Biomarkers of exposure to PAHs and of genetic damage in a polluted area in
Poland

In the highly industrialized Silesian region of Poland, severe environmental pollution is
encountered that has been associated with increased risk of cancer and adverse effects on
reproduction. Polycyclic aromatic hydrocarbons produced by industrial and domestic
combustion of coal are among the most prevalent carcinogenic and mutagenic air pollu-
tants in Silesia. In recent studies, atmospheric concentrations of benzo[a]pyrene (BaP) in
the town of Gliwice, for example, were 57 ng/m3 in winter and 15 ng/m3 in summer, the
difference resulting from the extensive burning of coal for heating.

In a study conducted in 1990 in 39 males from Gliwice and 49 controls from the rural
province of Biala Podlaska, BaP-DNA adducts were analysed both in winter and in
summer and compared to biological markers of genetic damage. DNA adducts in both the
exposed group and the control group were higher in winter than in summer. They were
also significantly higher in exposed winter samples than in control winter samples, as
were some markers of genetic damage. Large inter-individual variations were observed,
however, and biomarkers of exposure (adducts) were not significantly correlated with
those of effects (genetic damage).

Source: Perera, F.P. et al. [49].
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cluding pigmentation of the fingers and nails
and acneiform eruptions on the jaw, back
and thighs. It was thought that these effects
arose from local contact with PCBs [52]. An
accident involving PCBs and dioxins oc-
curred in Yu-cheng, Taiwan in 1979 [53].
Again, the most obvious effects were on the
skin, including chloracne, but effects on liver
enzymes, the immune system and the nerv-
ous system have also been reported.

Hyperactivity and impaired learning abil-
ity have been reported for rhesus monkey in-
fants exposed to different PCBs in utero and
during lactation [54]. Behavioural effects
similar to those seen in monkeys have also
been reported for human infants whose
mothers were exposed to PCBs through eat-
ing contaminated fish [55]. The effects rec-
orded in those infants were slight, but should
still be regarded as adverse. The causal rela-
tionship between PCB exposure and these
behavioural effects could not be proven, but
such a relationship is plausible [56].

Information on the possible carcinogenic
risk from human exposure to PCBs comes
from studies of occupational groups and of
populations accidentally exposed to the com-
pounds. The available studies are inconclus-
ive but suggest an association between (liver)
cancer and exposure. Almost without excep-
tion, PCBs contain various levels of PCDFs
as contaminants, and it is uncertain if and to
what extent PCDFs play a role in the ob-
served carcinogenic effects of PCBs
[50,52,57]. PCBs have been placed in Group
2A of the IARC classification as probable
human carcinogens (limited evidence in hu-
mans, sufficient evidence in animals) [57]. It
is likely that these compounds act by a
nongenotoxic mechanism, and that carcino-
genesis is threshold-dependent.

10.10.2 Exposure

Polychlorinated biphenyls are exceptionally
persistent in the environment, a fact that ex-
plains the continued exposure to them des-
pite major efforts to restrict and eventually
eliminate their release. This group of com-
pounds is widespread in soil and water.

From the PCB levels encountered in air
and drinking-water, the daily intake from
each of these sources is likely to be less than
1 µg/day [52].

The majority of people are exposed to
PCBs via the diet. The main foods in which
contamination with PCBs is possible are
those with a high fat content: fish, milk and
other dairy products, and meat [50–52]. The
average dietary intake of PCBs by various
populations has been estimated to range
from 0.005 to 0.2 µg/kg body weight per day.
In the case of breast-fed infants, PCB intake
has been calculated to range from 2 to 12 µg/
kg body weight per day [51]. It is expected
that levels of PCBs in the environment and
food, and consequently in breast milk, will
decrease with time [51].

Only a few recent studies on dietary in-
takes of PCBs in different European coun-
tries are available. The results of three
studies conducted in the Netherlands from
1985 to 1988 and in Finland in 1986 re-
vealed average daily dietary intakes of 2–14
µg total PCBs/day. Average intakes in Scan-
dinavian countries have been estimated to
range from 0.12 to 2.6 µg/day in populations
with low fish consumption and from 0.48 to
39 µg/day in populations with high fish con-
sumption [56], particularly of fish with a
high lipid content such as eel. The same is
true for people taking cod liver oil supple-
ments; a normal weekly consumption of
about 150 g (which contains, on average, 1.6
mg/kg) leads to an intake of PCBs that ap-
proximates the possible tolerable intake.

Occupational exposure may result in
higher uptake, mainly by inhalation. Acute
high-dose exposures may take place as a re-
sult of accidental releases caused, for
example, by fires or short-circuits in electri-
cal devices. Also, overheating of transform-
ers may lead to contamination of buildings.

10.10.3 Tissue levels

Surveys on human adipose tissue in several
countries have shown that most samples
contained levels of PCBs in the region of 1–
2 µg/g or less. Higher values, 2.5 µg/g on
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average, were reported in patients 1–3 years
after accidental exposure to PCBs in the
diet. Much higher values of up to 700 µg/g
have been found in occupationally exposed
people [50,52]. The results of 13 studies
conducted between 1969 and 1990 in 8
European countries were reviewed. Average
levels of 0.6–6.6 µg PCBs/g fat were deter-
mined. Recent German studies reveal lower
levels than those found earlier, indicating a
tendency for the concentration of PCBs in
adipose tissue to fall in recent years. Fig.
10.3 shows the proportion of individuals
with group mean adipose tissue PCB levels
below a given level for the total population.

Several national surveys have shown PCB
concentrations in the blood in the region of
3 µg/l. The mean blood level in people acci-
dentally consuming PCBs was 6–7 µg/l five
years after exposure. Levels approaching 20
µg/l have been measured in occupationally
exposed individuals [52,56]. PCBs could

also be detected in both male and female re-
productive fluids, the concentrations being
around 10 µg/l. Mean values for liver and
brain were reported to be 0.15 and 0.12 µg/g,
respectively [50].

Most surveys on human milk have shown
PCB concentrations in the region of 20–30
µg/kg, although concentrations up to 100
µg/kg have been recorded. The results of 43
studies conducted in 14 countries of the
European Region between 1971 and 1992
were reviewed. Mean levels observed ranged
from 9 to 90 µg/kg whole milk (with one
study from Spain yielding an average value
of 250 µg/kg); average PCB levels of 0.32–
3.2 µg/kg milk fat were reported. The pro-
portional distribution of individuals with
group mean milk PCB levels below given
concentrations is shown in Fig. 10.4. In gen-
eral, there has been a tendency for PCB le-
vels in breast milk to decrease in the course
of the last few years.

Fig. 10.3: PCB levels in adipose tissue of non-occupationally exposed people (N=871)
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10.10.4 Evaluation of observed
exposure levels and
possible health effects

The assessment of dietary intakes and tissue
levels measured in terms of their possible ef-
fect on health is difficult, as the available
human data do not permit the establishment
of a proper dose–response relationship. In
addition, risk assessment is complicated by
the fact that older toxicological data are
based on commercial mixtures of PCBs that
are different from those encountered in the
environment today. The exposure levels ob-
served are of possible concern with regard to
the neurobehavioural effects of PCBs [54–
56].

The JECFA concluded that it was imposs-
ible to establish a precise value for tolerable

intakes for humans, but considered there
was no reason to suppose that humans
would be more sensitive than monkeys to the
effects of PCBs (a no observed effect level
(NOEL) of 0.04 mg/kg body weight per
day).

Breast-fed infants are exposed to higher le-
vels of PCBs than adults and bottle-fed
babies. A daily intake of 3–11 µg/kg body
weight per day has been estimated for breast-
fed babies as compared to 0.12–0.3 µg/kg
body weight per day for bottle-fed infants.
Breast-fed infants of women who have con-
sumed large quantities of fish may have even
higher intakes of PCBs.

The lowest observed effect level (LOEL)
for mild neurotoxic effects in infants of ex-
posed mothers is estimated to be in the
range 0.014–0.9 µg/kg body weight per day
[56]. On this basis, both breast-fed and

Fig. 10.4: PCB levels in the milk fat of non-occupationally exposed women (N= 4945)
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bottle-fed infants are at risk of experiencing
such effects from current intake levels, with
breast-fed (particularly first-born) infants at
higher risk. Intensive efforts to reduce expo-
sure to PCBs in the general environment
should therefore continue, especially in view
of the low biodegradability and the long per-
sistence of these compounds.

Blood levels of 80–100 µg/l have been as-
sociated with dermatological effects in occu-
pationally exposed individuals.

Polychlorinated dibenzo-p-dioxins (PCDDs)
and polychlorinated dibenzofurans (PCDFs)
are two series of tricyclic aromatic com-
pounds with similar chemical and physical
(including lipophilic) properties. They are
ubiquitous in the environment. They do not
occur naturally, nor are they intentionally
produced, but are formed as trace amounts
of impurities in the manufacture of other
chemicals such as chlorinated phenols and
their derivatives, chlorinated diphenyl ethers
and polychlorinated biphenyls. They have
also been detected in effluents and wastes
from the pulp and paper industry and from
magnesium production, as well as in fly ash
and gas from municipal incinerators. There
are 75 positional isomers of PCDDs and 135
isomers of PCDFs. The most well known
and well described isomer of the PCDDs is
TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin).

10.11.1 Toxic and carcinogenic
effects

In laboratory animals, a number of adverse
effects including hepatotoxicity, reproductive
toxicity/teratogenicity, immunotoxicity and
dermal toxicity have been attributed to
PCDDs and PCDFs. Human data do not

10.11 Polychlorinated Dibenzo-
p -Dioxins and Dibenzo-
furans

support the occurrence of these effects at
the exposure levels observed. Occupational
and accidental exposure to PCDDs and
PCDFs, with clinical and follow-up studies,
have provided no evidence of systemic ef-
fects other than chloracne [53]. Chloracne is
a sign of exposure to several chlorinated cyc-
lic organic compounds, the most potent
being TCDD.

The only well documented intoxications
with PCDFs in humans are two instances of
contamination of rice oil with PCDFs and
PCBs, i.e. at Yusho in Japan in 1968 and Yu-
cheng in Taiwan in 1979. In total, several
thousand people were acutely poisoned (see
page 303).

Epidemiological findings suggest that
long-term exposure to TCDD is associated
with depressed cell-mediated immunity [58].

In laboratory animals cancers of the liver,
thyroid and nasal and mouth cavities have
been observed.

An increased incidence of cancer at differ-
ent sites has been claimed in some epidemi-
ological studies of subjects occupationally
exposed to a mixture of PCDDs, PCDFs
and other chemicals. Several factors limit
the interpretation of these studies, however
[58].

A number of cases of cancer have been re-
ported in workers exposed to TCDD, but no
adequate epidemiological studies were avail-
able when IARC performed its evaluation in
1987 [59]. TCDD has been placed in Group
2B of the IARC classification as a possible
human carcinogen (evidence inadequate in
humans, sufficient in animals) while PCDFs
have not been classified by IARC [59]. Re-
cent studies do indicate, however, that
TCDD is a nongenotoxic human carcinogen
at high doses, and appears to act as a potent
and persistent hormone agonist [60,61].

Because PCDDs and PCDFs are normally
encountered as complex mixtures, the con-
cept of TCDD equivalents has been intro-
duced to simplify risk assessment and regula-
tory control. The actual concentration of
each constitutent is multiplied by a “toxic
equivalency factor” (TEF) and summed to
produce a “TCDD-equivalent” (TEQ) con-
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centration. The approach assumes that syn-
ergistic and antagonistic effects do not exist.
Although a number of different schemes of
TEF values have been developed (based on
available biochemical and toxicological
data) the US Environmental Protection
Agency (US-EPA), international TEF (i-
TEF) and Nordic models are the most
widely used, the latter two differing very
little from each other. Data  collected by the
Regional Office [62] is presented in this re-
port in terms of both the Nordic and the US-
EPA TEQs. Data on daily intakes were avail-
able in terms of either i-TEQs or Nordic

TEQs. Certain PCBs show TCDD-like activ-
ity and can also be assigned TEFs.

10.11.2 Exposure

Major sources of PCDD/PCDF emissions
include incineration, the pulp and paper in-
dustry and pesticide production. This group
of compounds is persistent in the environ-
ment and has a tendency to bioaccumulate.

Occupational exposure in, for example,
the chemical and paper industries can be ex-
pected to make a considerable contribution

Fig. 10.5: PCDD/PCDF levels in the milk fat of non-occupationally exposed women (N=1512)
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to total intake. Those who spray herbicides
may also be exposed to higher amounts of
PCDDs/PCDFs. Accidental releases due to
fires or explosions may result in high acute
exposures.

The limited data available indicate very
low levels of PCDDs and PCDFs in ambient
air and in water. The intake of PCDDs and
PCDFs from air and water is likely to be a
minor portion of the total intake from all
sources, but air plays a significant role as a
transport medium [58]. The exposure levels
in population groups living in the vicinity of
incinerators or relevant industrial plants is a
hotly debated issue, but scientific data on ac-
tual exposures are scarce. The application of
new control technologies, however, results in
a considerable reduction in emissions. Thus,
the additional exposure from such sources
can be regarded as negligible, provided that
modern technologies are applied.

Exposure to PCDDs and PCDFs in the
general population probably occurs mainly
through food (90–95% of total intake). Data
on contamination of commercial foods are
very limited. PCDDs and PCDFs have been
detected in fish, especially in fatty or bottom-
feeding fish [58]. Average (global) dietary
intake levels range from 20 to 150 pg i-TEQ/
day.

Estimates of average daily dietary intakes
of PCDDs/PCDFs from seven European
countries over the period 1988–1992 were
reviewed. Intakes ranged from 29 to 480 pg
Nordic or i-TEQ per day, with the lowest
value of 29 pg Nordic TEQ/day estimated in
Sweden and the highest value of 480 pg i-
TEQ/day in Italy.

10.11.3 Tissue levels

In human fat, levels of TCDD up to 20 ng/kg
have been found in the general population
with no known specific exposure. Average
tissue levels of TCDD tend to increase with
age [58].

Levels of PCDDs and PCDFs in blood
and breast milk were measured in a number
of European countries in a survey coordi-

nated by the Regional Office. Levels in
breast milk ranged from 15.5 to 40.2 pg Nor-
dic TEQ/g fat [62]. Results of 14 studies
conducted in 13 European countries be-
tween 1986 and 1988 on PCDD/PCDF le-
vels in breast milk were reviewed. Mean le-
vels observed ranged from 5.4 to 21.0 pg
EPA TEQ/g fat, corresponding to levels of
9.1–40.2 pg Nordic TEQ/g fat. Fig. 10.5 de-
picts the proportional distribution of individ-
uals with group mean TEQ values of
PCDDs/PCDFs in breast milk below given
concentrations, with respect to both the EPA
and the Nordic TEFs. Average blood levels
found in five studies from three countries of
the European Region from 1980 to 1992 lay
between 17 and 43 pg EPA TEQ/g fat.

10.11.4 Evaluation of observed
exposure levels and
possible health effects

Although the data reported are results of
single studies and do not permit conclusions
as to the exposure of the population in gen-
eral, dietary intakes in European countries
do not seem to exceed the WHO guideline
value of 10 pg/kg body weight per day [63].
If the dioxin-like PCBs are also considered,
however, dietary intakes would be higher in
terms of TCDD toxic equivalents.

Infants are at special risk owing to the fact
that both cows’ milk and breast milk contain
PCDDs/PCDFs, with levels in breast milk
being 10–100 times higher than those in
cows’ milk. Thus, intake for breast-fed in-
fants might be as high as 100 pg/kg body
weight per day, and higher if dioxin-like
PCBs are also considered. However, con-
sidering the advantages of breast-feeding and
its short duration, the fear of exposing their
children to dioxins should not prevent
mothers from breast-feeding them.

Demonstration of a carcinogenic effect
from environmental exposure to TCDD is
not to be expected at the low daily intakes of
the general population [64].

Owing to the uncertainties related to the
actual doses received by humans, and the dif-
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ficulties associated with assessing toxic ef-
fects, exposure to PCDDs/PCDFs should in
general be reduced to the lowest practicable
levels.

Exposure of the general population to poten-
tially toxic chemicals is restricted to those
chemicals that are produced commercially
and those that are released to the environ-
ment by industrial processes, fuel combus-
tion or agricultural practices. The risk to
human health from exposure to these chemi-
cals depends on both the toxicological char-
acteristics of the substance and the exposure
level. Thus, it is essential to increase knowl-
edge about both aspects to arrive at rational
policies on chemical control, bearing in
mind the importance of chemicals for econ-
omic development in various sectors.

Risks to health from exposure to chemi-
cals may emanate from those that are ubiqui-
tous and persistent, and that have the capac-
ity to cause adverse effects following long-
term exposure to low levels, but also – on a
more restricted geographical scale – from
those that are released at higher concen-
trations by point sources (including indus-
trial emissions and accidental releases) and
that may, thus, also cause acute effects.

With existing chemicals, the main prob-
lem is often the lack of adequate toxicologi-
cal data for risk assessment. In this respect,
apart from national approaches, important
activities at the international/intergovern-
mental level are being carried out. Collec-
tion of relevant data on and the scientific
evaluation of existing chemicals are being
performed by IPCS, while the IRPTC makes
the information readily accessible on a
worldwide basis. At the level of the EU, con-
trol of existing chemicals is ensured through
the Council Regulation on Existing Chemi-
cals. Within the chemicals programme of
OECD, activities are being undertaken to en-
sure systematic investigation of existing
chemicals.

10.12 Conclusions

For new chemicals, current legislation in
most European countries and at the level of
the EU are such that pre-marketing assess-
ment of toxicity should prevent serious envi-
ronmental hazards to health in the future.

Despite continuing efforts at both the
scientific and the legislative level, problems
with environmental chemicals are still en-
countered. One such problem is that of per-
sistent chemicals such as PCBs and DDT
which, despite being banned from use in Eu-
rope, are still present in the environment and
in the human body. Furthermore, chemicals
that are persistent and subject to long-range
transport processes can be found in coun-
tries that have banned them, if they are re-
leased in other countries and distributed on
a global scale.

In defining strategies for the future to deal
with environmental chemicals and to protect
the European population from potential ad-
verse effects, there is a need to develop har-
monized mechanisms for the assessment and
control of existing and new chemicals for the
WHO European Region as a whole. Activities
coordinated by IPCS and OECD are already
under way within the context of chapter 19 of
Agenda 21, adopted at the United Nations
Conference on Environment and Develop-
ment in Rio de Janeiro in 1992. Apart from
this, assistance to the CCEE and NIS in es-
tablishing national strategies to control
chemicals may be needed. These activities
should be accompanied by adequate monitor-
ing and by inspection and control mechan-
isms throughout the European Region.

For the chemicals discussed in this
chapter, information on intake and on tissue
levels were evaluated in the context of expo-
sure via environmental media. In general, the
information available proved to be restricted
to individual studies, allowing no generally
valid conclusions on the exposure to hazard-
ous chemicals in the Region as a whole.
Also, no comparison could be made between
the exposure levels of the general population
in different geographical locations in the
Region, so as to identify areas of specially
high exposures to certain chemicals. Some
studies permitted the identification of popu-
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lation groups at specific risk and/or the de-
termination of additional sources of intake
of certain pollutants. In view of these limi-
tations, the following conclusions may be
drawn.

• Monitoring of general population expo-
sure to chemicals, and the integration of
exposure assessment into risk evaluation
procedures, should form the basis for set-
ting guidelines and establishing legislation
aimed at reducing such exposure. Defin-
ing the contribution of different environ-
mental media to total exposure is necess-
ary for setting media-based guidelines,
while identification of sources is essential
for prevention, i.e. pollution control at
source. Exposure monitoring will, in addi-
tion, permit assessment of the effective-
ness of mitigation measures.

• In view of the problems encountered in
comparing results from different studies
on exposure assessment, there is a need to
harmonize methodologies for sampling
and analysis and the design of human
studies aimed at assessing total exposure
to selected chemicals, in order to cover
representative population groups at differ-
ent locations in the Region.

• Identification of areas of high exposure to
certain hazardous chemicals, and of popu-
lation groups at special risk, are priority is-
sues in exposure assessment.

• In view of the large segment of the popu-
lation potentially exposed to pesticide resi-
dues in drinking-water and food, monitor-
ing and surveillance programmes need to
be (further) developed. The systematic
collection of such data is necessary for
risk assessment as a basis for the develop-
ment of public health policy.

• Evaluation of the risk to human health
from pesticides is particularly concerned
with the question of low-dose exposures
and the causation of chronic diseases. In
this respect epidemiological studies on
well defined exposed populations such as
occupational groups with higher and more
readily ascertainable doses than the gen-
eral population may be particularly useful.

• Models aimed at calculating total intake
and/or target organ doses, based on envi-
ronmental levels in all media, need to be
further developed and validated. This will
provide the potential to predict future
trends for different scenarios, and to as-
sess the results of various intervention
measures.

• In situations where exposures have been
demonstrated or are likely to give rise to
intakes significantly in excess of recom-
mended levels, but where no adequate
data exist on possible health effects, ap-
propriate studies should be undertaken.
Where possible these should provide in-
formation on the correlation between ex-
posure, tissue levels and effects.

It appears that for the general population ex-
posure to these selected chemicals does not
pose an appreciable risk. However, for cer-
tain subgroups of the population exposure le-
vels may be higher, resulting in only a small
or no margin of safety. For example, expo-
sure to lead among children living near some
industries, and/or exposed to vehicle
emissions from the combustion of leaded
petrol may be expected to affect neuropsy-
chological development.

In view of the paucity of the data on expo-
sure, more attention should be paid to
human exposure assessment in order to
make better estimates of possible risks to
health.

Finally, it must be recognized that accu-
rate assessment of total population exposure
to environmental chemicals is an essential
prerequisite for an “environmentally sound
management of chemicals” as requested by
Agenda 21 of the 1992 Rio Conference.
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Because types of nonionizing radiation are
disparate, this chapter has been divided into
two parts, dealing (a) with light, and ultra-
violet (UV) radiation in particular, and (b)
with electric and magnetic fields. The two
categories have very different types of poss-
ible environmental exposure, mechanisms of
interaction with human tissue and effects on
health. UV radiation and low-frequency elec-
tric and magnetic fields, particularly under
power transmission lines, are judged to be of
concern to health.

Other types of nonionizing radiation, in-
cluding high-frequency fields, ultrasound
and laser light, can also affect health [1].
Medical applications have clear diagnostic
or therapeutic benefits for the people ex-
posed, and exposure may be important in an
occupational context but of little signifi-
cance in the environment. As a result, they
are not discussed in detail in this chapter.

The evidence that exposure to UV radi-
ation can be damaging is all but irrefutable.

11.1 Introduction
Much of the exposure and potential damage,
however, has less to do with the environment
than with lifestyle: tanning the skin in sun-
light or with artificial sources.

Electric and magnetic fields pose a more
complex problem. In the case of ionizing
radiation, knowledge of the variations in
natural background radiation, exposure to
which is unavoidable, can be used to provide
a perspective on the possible significance of
additional (man-made) sources of environ-
mental exposure, where these are com-
parable in quality. Further, there is some
understanding of the mechanisms through
which ionizing radiation affects health.
Natural, time-varying electric and magnetic
fields exist and, in general, have much lower
electric field strengths and magnetic flux
densities than those arising from man-made
sources. These fields interact with the body
to induce currents in the tissues. However,
naturally flowing currents in the body gener-
ated, for example, by electrical events in the
brain and heart are generally greater than
those induced by most man-made sources.
Some epidemiological evidence, however,
suggests that health effects may be associ-
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ated with certain man-made sources of expo-
sure. Experimental data have indicated ef-
fects at the cellular level, but there is no clear
evidence that these are important to health
and no understanding of possible biological
mechanisms to account for the epidemiologi-
cal observations.

All  human beings are exposed to solar radi-
ation, which is essentially electromagnetic
radiation of wavelengths longer than 200
nm, extending from the UV into the infrared
region. Although the sun also emits both ion-
izing and radiofrequency radiation, these are
much less significant for human health.

Largely for practical rather than scientific
reasons it is considered convenient to subdi-
vide UV radiation into three wavebands,
namely UVA (315–400 nm), UVB (280–315
nm) and UVC (<280 nm). The range of vis-
ible light is 400–780 nm. UV radiation is
energetic enough to rupture chemical bonds
or energize molecules into excited states,
and so can initiate a variety of chemical and
biological processes. Some of these can ulti-
mately prove harmful in biological systems.

The solar radiation that reaches the sur-
face of the earth is modified; some of its
components are absorbed by atmospheric
constituents that have varied over geological
time. All life forms ultimately depend on
solar radiation and have adapted themselves
to exist in balance with conditions on the
planet. Some of the past changes in solar
emissions and the atmosphere, such as the
great ice ages, led to enormous effects on life
on earth.

Human activities are changing the com-
position of the atmosphere. These man-made
effects include the depletion of the ozone
layer in the stratosphere as a result of the ac-
tion of chlorofluorocarbons (CFCs) and
similar compounds. Since this layer norm-
ally filters out the more harmful components
of UV radiation, its depletion is potentially

11.2 Ultraviolet Radiation

significant for human health. The possible
effects of an increase in UV radiation, as a
result of ozone depletion, should also be
considered in the context of greenhouse
gases and global warming (see Chapter 5),
although the extent of the changes in climate
that could result from a combination of
these two effects is not clear.

The exposure of the skin to sunlight, with
absorption of UV radiation, is essential for
vitamin D production, but a relatively recent
change in human behaviour – the intentional
exposure of the skin to intense sunlight – has
profound adverse effects on health. In par-
ticular, the incidence of skin cancer has risen
markedly.

New technology has introduced sources of
UV radiation and visible light that can harm
people’s health. According to a recent sur-
vey, up to 10% of the population in western
countries habitually use sunlamps or
sunbeds. A significant proportion of the
working population is exposed to light from
fluorescent and high-intensity tungsten–ha-
logen lamps over long periods. In addition,
industry has more uses for UV radiation
than commonly assumed, including photo-
polymerization, disinfection and steriliz-
ation, welding, and work with lasers.

11.2.1 Solar radiation

About 5% of solar terrestrial radiation is in
the UV region, and is the main source of
human exposure to UV radiation. At sea
level, about 95% of this radiation is UVA
and 5% UVB; oxygen and ozone in the at-
mosphere largely cut off the low level of
UVC in extraterrestrial radiation. The
amount of solar UVB energy reaching the
earth’s surface depends on the angle of the
sun (time of day, season and latitude), the
weather (cloud, mist, fog, etc.) and altitude;
that falling on the human skin depends on
the extent of reflection from such different
surfaces as grass (low), sand, water and
snow (high). A less evident influence is the
effect of stratospheric ozone, which absorbs
UVB. This layer of ozone is formed in the
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higher levels of the stratosphere by the ac-
tion of short-wavelength UV radiation
(<242 nm) on oxygen molecules. The ab-
sorption of UV radiation up to about 320 nm
(that is, including UVB) converts the ozone
back to oxygen. This process both prevents
radiation with wavelengths of less than 290
nm reaching the earth’s surface and absorbs
most of the UVB. The terrestrial radiation le-
vels arising from these processes have devel-
oped over evolutionary time, and human and
other forms of life have adapted to them.

Over the last 20 years it has been estab-
lished that CFCs and other man-made pollu-
tants containing chlorine or bromine can
lead to depletion of the stratospheric ozone
layer [2,3] with an expected increase in ter-
restrial levels of UV radiation, particularly
UVB. CFCs are extremely stable and their
inertness makes them convenient for use as
refrigerants and aerosol propellants, for
example. When released, they eventually
reach the stratosphere by slow diffusion
where, after photodissociation, they generate
chlorine and chlorine oxides; these are ca-
pable of removing ozone through a sequence
of reactions. Other compounds containing
chlorine (and bromine) such as carbon tet-
rachloride and methylchloroform (cleaning
solvents) also have this effect, as do hydro-
chlorofluorocarbons (HCFCs) which are
used as substitutes for CFCs. HCFCs are
certainly less persistent than CFCs and have
considerably less potential to deplete ozone
[4]. Volcanic activity can also introduce
chlorine into the atmosphere; this is particu-
larly true of large eruptions such as that of
Mt Pinatubo in the Philippines. Studies on
the hole in the ozone layer that develops
over Antarctica during the winter have
shown that other reactions occurring on the
surface of aerosol particles, at the extremely
low temperatures that prevail, remove ozone
in the stratosphere. The oxidation of a var-
iety of sulfur-containing compounds coming
from the earth forms a sulfate aerosol layer.
In addition to pollution arising from com-
bustion, other sources of sulfate aerosols are
volcanic eruptions and biological processes
[5].

Measurements of ozone levels and
UV radiation

Levels of ozone in the atmosphere can be
measured by meters, either on satellites or
on the ground. Although there is no evi-
dence to date of a hole above the Arctic, sat-
ellite measurements have demonstrated that
stratospheric ozone is also being depleted in
the northern hemisphere, albeit at a slower
rate: between 30ºN and 50ºN the average de-
crease in the winter is 6–7% per decade [6].
The fact that depletion has resulted in a hole
above the Antarctic is thought to be due to
the unique distribution of land and sea and
the lower atmospheric temperatures, in
which aerosol formation further enhances
ozone depletion.

Table 11.1 gives an example of results from
ground-based meters in the United King-
dom. The data were cited in a written answer
to a question asked in Parliament, and pro-
vide evidence of a decrease in the average
level of stratospheric ozone of about 11% in
the past 10 years [7].

Measurements of solar UV radiation have
been made over some years throughout the
world [8]. The equipment most commonly
used provides continuous, broad-based in-
formation from which trends in UV radi-
ation, but not changes in the UVB compo-
nent, can be detected. Tracing changes in
UVB requires considerably more expensive
equipment that can provide information on
irradiance at different wavelengths. Its use is
relatively limited at present and continuous
monitoring data cannot yet be obtained. In
addition, problems are associated with the
design and calibration of the instruments.

Despite predictions of a 2% increase in
UVB for every 1% decrease in stratospheric
ozone, monitoring has established few such
correlations [8,9]. The reason may be the
considerable natural variations in cloud
cover or pollution. If variation in pollution is
associated with an increase in the absorption
of UVB by ozone in the troposphere it may
be an important factor, particularly when
UV radiation has a longer path through the
troposphere than through the stratosphere.
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Interactions between UV radiation and ni-
trogen oxides (pollutants largely derived
from petrol combustion) increase the level
of tropospheric ozone. In heavily polluted
areas, the absorption of UV radiation by
ozone in the troposphere may partially
counteract the effect of the depletion of
ozone in the stratosphere [10].

Recent results from Toronto, however,
show that levels of UVB in winter increased
by more than 5% every year from 1989 to
1993 [11]. Allowance was made for factors
(such as clouds, aerosols, pollutants and
ground reflectance) affecting the intensity of
UVB radiation at sea level. This study pro-
vides the most reliable analyses to date of
the situation in the northern hemisphere.
There may, of course, be regional effects due
to atmospheric movements and temperature
variations and these findings are the subject
of debate [12,13]. Further research is
needed.

11.2.2 Artificial sources of UV
radiation

Various forms of artificial lighting and the
use of sunlamps and sunbeds for cosmetic
reasons increase human exposure to UV
radiation. In addition, industry makes in-
creasing use of visible and UV light [14].

Sunlamps and sunbeds

Before the mid-1970s, unfiltered medium-
and high-pressure mercury lamps were used
as sunlamps. They generate high levels of
UVC and UVB and, for safety, irradiation
times needed to be short. Nevertheless, skin
damage readily occurred. In the late 1970s
and early 1980s fluorescent lamps, which
generate UVA and visible light almost exclus-
ively, have been used for such cosmetic pur-
poses. The spectral outputs of these lamps

Table 11.1: Total stratospheric ozone at Camborne and Lerwick, United Kingdom, 5–7 March, 1980–1993
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vary with the filters used, spatial arrange-
ments and other factors.

Limited studies have not provided any
clear evidence correlating the use of sun-
lamps and sunbeds with the incidence of
skin cancer. The widespread and uncon-
trolled use of artificial tanning procedures,
however, causes some concern [15]. Improp-
erly used, these could give rise to large doses
of UVA and/or UVB; such exposure is not
without risk, particularly for people who do
not readily tan.

It should be noted that defining a “safe”
level of exposure is impossible; the risk in-
creases with use, particularly when solarium
sessions are combined with sunbathing.

Other sources

Fluorescent lights are widely used in working
environments and consist of low-pressure
mercury vapour lamps that generate a strong
emission at 254 nm. This excites a phosphor
coating on the inside of the glass envelope.
Depending on the nature of the phosphor,
radiation in the UV region may be generated.

Low-pressure mercury vapour lamps may
also be used for the disinfection and steriliz-
ation of drinking-water, water for swimming
pools and sewage. The studies made to de-
fine risk from exposure give inconsistent re-
sults and draw attention to the difficulties in
monitoring the doses of UV radiation that
could have been received. No convincing evi-
dence of adverse effects has been produced,
but more investigations are needed before a
firm conclusion can be drawn [16,17].

Tungsten–halogen lamps generate appreci-
able amounts of UV radiation. Glass jackets
should ensure the removal of the UVC and
much of the UVB generated, but some radi-
ation may still be received. High-intensity
lamps (several kW) may be used to induce
polymerization in the production of, for
example, protective coatings or printed cir-
cuit boards. In addition, large xenon arc
lamps, which produce UV radiation, are
used in weathering studies and the intense il-
lumination of wide areas.

Electrical welding gives rise to UV radi-

ation, and at least two studies from North
America show significant positive associ-
ations between welding and melanoma of
the eye and cataracts [18]. Protective
measures can be taken, however.

Finally, lasers and other high-power
sources of visible radiation are used in the
chemical and electronic industries and in
clinical medicine. Only technically qualified
staff, who know the potential risks and ap-
propriate safety procedures, should operate
them. The high intensities used involve not
only the risk of immediate injury (burns) but
also risks from stray and scattered light from
these sources.

In addition, some effects are peculiar to
lasers [19], such as the stimulation of growth
observed in cell cultures at low intensities
[20]. The mechanisms for this effect are not
understood. The coherence of the radiation
allows more absorption by molecules such as
DNA than is possible with solar and other
sources of UV or visible radiation. Laser
radiation has been suggested to induce trans-
membrane effects in mitochondria; the re-
lease of calcium ions [21] and interaction
with oxygen may be involved. Reliable ex-
perimental data are needed to settle these is-
sues.

11.2.3 Biological effects

A comparison of the action spectra for kill-
ing of bacterial cells with the absorption
spectra shows that the bactericidal effect in-
volves nucleic acids. DNA synthesis shows
the most sensitive response to UV radiation.
The UVC and UVB regions are both ab-
sorbed by DNA, but wavelengths longer than
320 nm are not.

Damage to DNA in skin cells in vivo fol-
lows exposure to UV radiation in doses com-
parable to those in people exposed to sun-
light. The extent of the damage depends on a
combination of the biological efficiency of
the different wavelengths and the extent of
absorption by the outer layers of the skin.
Most of the damage is repaired within 24
hours.

Chromosomal aberration, gene mutation,
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sister chromatid exchange and cell trans-
formation are biological effects that have
been studied under various exposure condi-
tions with cultures of human cells. A publi-
cation of the International Agency for Re-
search on Cancer (IARC) fully discusses the
implications of these observations for carci-
nogenicity in human beings [17]. Studies
using human skin fibroblasts exposed to
simulated sunlight give results consistent
with the supposition that lesions induced by
sunlight represent a mixture of DNA dam-
age, cellular responses and repair mechan-
isms. Mutations resulting from errors in re-
pair may predispose to cancer.

Further, the absorption of UV radiation
and visible light may initiate reactions invol-
ving lipids and proteins. Lipid membranes
are structures particularly susceptible to at-
tack by oxidizing species, giving rise to vari-
ous adverse biological effects.

Extensive studies of relative biological ef-
fectiveness on a range of materials – such as
purified DNA, bacteria, plant and human
cells in tissue culture, and the human skin
and eye in vivo – show that light with a wave-
length of 290 nm (UVB) is 1000–10 000
times as effective in damaging DNA, killing
cells, producing skin erythema (sunburn)
and inducing skin cancer in mice than that
with wavelengths longer than 300 nm
(UVA). The action spectra for erythema in
human beings and skin carcinogenesis in ani-
mals [22,23] both show a very marked de-
crease in biological effectiveness with in-
creasing wavelength (from 290 to 330 nm).

11.2.4 Effects on health

Skin cancer

According to IARC there is sufficient evi-
dence for solar radiation as the cause of ma-
lignant melanoma and other types of skin
cancer in human beings [17]. The separate
UVA, UVB and UVC regions are carcino-
genic in laboratory animals, and probably in
humans. UV radiation from the sun evi-
dently induces the three common forms of

skin cancer: basal-cell carcinoma, squamous-
cell carcinoma and cutaneous malignant
melanoma. The risk of a person developing
any of these is considered, on the basis of a
large number of reports, to be related to the
cumulative dose received. In malignant mel-
anoma, short intermittent exposure to in-
tense sunlight, as on a Mediterranean holi-
day, and exposure to sunlight in early child-
hood are also important factors.

Basal-cell carcinoma and squamous-cell
carcinoma are the most common forms of
skin cancer, and exceed the total of all other
neoplasms in many sunny countries, particu-
larly among outdoor workers [24]. The inci-
dence of the former is always greater than
that of the latter, varying with increasing lati-
tude from 10:1 to 2.5:1.

The incidence of these types of skin
cancer is at present increasing by 2–3% per
year. The incidence of skin cancer is higher
in fair-skinned northern Europeans who
have migrated to an area of intense sunlight
but not in more darkly pigmented immi-
grants. Specifically, a Celtic ancestry notably
increases the risk of skin cancer. Many
studies on immigrants to Australia have
clearly established these effects [25].

Squamous-cell carcinoma and basal-cell
carcinoma are similar in characteristics such
as the high incidence on the face or exposed
surface of the head or neck, and the increase
in incidence with age and with decreasing
latitude. In the European context, an analy-
sis of sunlight-induced non-melanoma skin
cancer in Norway, using data on the inci-
dence of basal-cell carcinoma and squamous-
cell carcinoma in six regions of Norway over
the years 1976–1985, is of interest [26]. It
was estimated that depletion of atmospheric
ozone by 1% may cause increases in the inci-
dence of basal-cell carcinoma by 1.6–2.1%
and of squamous-cell carcinoma by 1.3–
1.7%. Estimates for men and women were
the same. Sunlight is the main cause of these
forms of skin cancer even at the northern-
most latitudes in Norway.

Other factors than changes in the ozone
layer, however, are more significant at pres-
ent. Diffey [27] has pointed out that an an-
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nual two-week holiday in a sunny climate can
increase the risk of basal-cell and squamous-
cell carcinoma fivefold in northern Euro-
pean indoor workers by the age of 70 years,
because of a doubling of the annual biologi-
cally effective UVB dose. An equivalent
change in exposure in northern Europe
would require a decrease in the ozone layer
of about 50%.

The incidence of cutaneous malignant
melanoma has risen markedly in the last few
decades [28]; for example, it rose by 50% in

England between 1980 and 1986. Although
this form of skin cancer is rarer than the
others, it has a high fatality rate of 30–50%.
Epidemiological data obtained in Australia
and the United States have established the
connection with UV sunlight, and similar
trends have been reported for Scandinavia
and Israel [29,30]. The Scottish Melanoma
Group [31] made a comprehensive study of
the incidence of cutaneous malignant mel-
anoma in Scotland in 1979–1989. Table 11.2
shows the incidence data, and Table 11.3 the

Table 11.2: Incidence of malignant melanoma in Scotland, 1979–1989

Table 11.3: Site-specific incidence of malignant melanoma in Scotland, 1979–1989
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site-specific differences between the sexes.
The rates of increase are greatest on the
parts of the body where melanoma is most
common: the trunk in men and the legs in
women.

The rates of melanoma development per
unit area of skin are higher on skin that is
not regularly exposed to the sun [32]. Major
studies made in the northern hemisphere
seem to show that irradiation in early life is
especially important; the unnecessary expo-
sure of children to the sun should therefore
be avoided. Short bursts of intermittent ex-
posure also increase incidence [33]. In
contrast, regular outdoor exposure decreases
the risk, probably as a result of the develop-
ment of pigmentation, although Australian
studies do not show such a clear distinction.
The relationship between the risk of mel-
anoma and sun exposure is complex [17].

The influences on the risk of developing
cutaneous malignant melanoma include indi-
vidual characteristics, as well as the intensity
and duration of sun exposure and clothing
and tanning practices in different countries.
This makes estimating the consequences of
ozone layer depletion far more difficult than
in the case of other types of skin cancer.
Since intermittent exposure and exposure
causing severe erythema both increase the
risk, the effects of small changes (about
10%) in the ozone layer may well not be im-
portant [34].

Effects on the immune system

In animals, exposure to UVB causes changes
in the immune system (mainly by suppress-
ing normal immune responses [35]) that are
important in the development of cancer and
the course of infectious disease. No detailed
or adequate investigations have been made
in humans, and the available evidence is
drawn from experiments with light contain-
ing UVC and UVA as well as UVB. The ex-
posure of human skin to UV radiation im-
pairs the function of antigen-presenting cells
normally resident in the epidermis. These
cells are capable of activating T-lymphocytes,
which may be involved in preventing the de-

velopment of contact dermatitis and in the
immune surveillance of certain types of skin
cancer. UV irradiation of human T-cells be-
fore viral transmission significantly shortens
the viral growth cycles, implying that UV-in-
duced cellular stress is conducive to viral re-
plication and growth. In particular, sunlight
activates HIV gene expression [36]. A recent
study has shown that T-cells are particularly
sensitive to UV radiation [37]. If stratosp-
heric ozone depletion results in significant
increases in terrestrial levels of UVB, these
could have an important effect on the
human immune response to certain allergens
or infectious agents, as well as on the devel-
opment of some types of cancer.

Biological effects on the eye

Ultraviolet radiation is probably a major
cause of cataracts, which are more common
in tropical or sunny climates than in tem-
perate regions. The mechanism of the dam-
age involves the initial absorption of UVB by
the protein of the ocular lens. In 1988, it was
reported that more than 17 million people
worldwide had cataracts, a figure that could
rise with exposure to elevated UVB levels. A
1% decrease in the ozone layer has been esti-
mated to result in a 1–2% increase in the
incidence of cortical cataracts. To diminish
the risk of cataract, it is prudent to reduce
unnecessary exposure and wear a wide-
brimmed hat or properly designed sun-
glasses when outdoors. Taylor [38] has as-
sessed possible protective measures.

The association between UVB exposure
and photokeratitis (snow blindness) is well
established. Less is known about the associ-
ation between UVB exposure and retinal
damage.

Photosensitization

As mentioned, some biological substances
absorb UV radiation and visible light and
generate chemically active forms, which then
react with and damage, for example, DNA
and cell membranes [39]. Oxygen is fre-
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quently involved in these reactions. No spe-
cific mechanism is involved in photosensitiz-
ation. Natural chromophores that are pres-
ent in biological systems and strongly absorb
UVA and visible light include flavins, ste-
roids and porphyrins. Some photosensitizing
agents present in the diet or administered as
drugs, such as phenothiazine and chlorpro-
mazine, can accumulate in the skin and have
adverse biological effects after activation by
solar radiation.

Increased UVB exposure will enhance
such effects whatever the nature and origin
of the photosensitizer. Apart from solar radi-
ation, sunbed use could exacerbate these ef-
fects.

11.2.5 Effects on the ecosystem

Aquatic ecosystems

Modelling studies indicate that UV radiation
can penetrate water to a sufficient depth (up
to 50 m) for ecological effects to occur. UVB
damages phytoplankton in the laboratory
and probably in the marine environment.
UVB not only affects DNA but also impairs
cell metabolism and motility. Increased UVB
intensity causes irreversible damage and/or
death to zooplankton: this is an important
effect, as plankton is the essential food for
krill, which in turn is essential to the nutri-
tion of all higher forms of marine life. Mar-
ine organisms in the upper layers of the sea,
including the eggs and larvae of fish, are sen-
sitive to UV radiation and would be affected
by any increase in radiation resulting from
the depletion of stratospheric ozone [40].

Studies in progress on the effects of ozone
depletion on the southern ocean marine eco-
system are providing further information. A
small but statistically significant reduction
(5%) in photosynthesis in phytoplankton
has been claimed [41] but more evidence is
required to confirm this effect.

Any increase in UVB would harm marine
food production. In addition, marine phyto-
plankton produces at least as much biomass
as all the terrestrial ecosystems combined,

and is important in the uptake of the green-
house gas carbon dioxide.

Terrestrial plants

The influence of UVB on plants varies be-
tween both species and cultivars of a species
[42]. Plant responses include photorepair,
accumulation of UV-absorbing pigments and
growth delay. Many important crops, includ-
ing soybean and cereals such as barley, rye,
oats and maize, are particularly sensitive to
UV radiation. The mechanism for these ef-
fects is not well understood but they are due,
at least in part, to the impairment of photo-
synthesis. The proteins and RNA involved in
the conversion of carbon dioxide to oxygen
are affected. If terrestrial levels of UV radi-
ation increased, differences in susceptibility
could lead to an increase in the growth of
weeds to the detriment of more valuable
forms of plant life.

Animals

In general, skin pigmentation and fur protect
animals from solar radiation but some, such
as cattle and sheep, are susceptible to ocular
cancers to an extent that appears to be di-
rectly related to the level of exposure to UV
radiation [43]. Any significant increase in
UVB could significantly affect animals used
for food; the effects would be relatively
greater at higher latitudes.

Materials

Photochemical degradation, especially by
UV radiation, adversely affects wood,
plastics, paints and textiles. Any increase in
UVB could have significant economic conse-
quences because of the need for more fre-
quent repair and renovation.

11.2.6 Conclusions

Clear experimental data from animals and
convincing epidemiological evidence from
human beings support a direct causal rela-
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tionship between exposure to UV radiation
and basal-cell and squamous-cell skin cancer.
The data linking exposure to sunlight and
melanoma are also compelling, but the rela-
tionship is more complex. The very rapid re-
cent increase in the number of cases of skin
cancer is clearly connected to social behav-
iour, including recreational pursuits, and
may also be associated with migration from
cooler to sunnier countries. Topical sun-
screens and sunblocks attenuate solar radi-
ation incident on the skin by absorption and
reflection or scattering. Sunblocks, such as
the pigments zinc oxide and titanium diox-
ide, reflect or scatter UV radiation. Chemi-
cal sunscreens contain one or more colour-
less UV-absorbing compounds, which in gen-
eral absorb UVB more strongly than UVA
[17]. Such agents are effective in preventing
erythema, but an undesirable result of their
use is that it may encourage longer exposure
to wavelengths of UV radiation not absorbed
by the sunscreen [44]. The effectiveness of
many commercial sunscreens on preventing
skin cancer has therefore been questioned.

Public awareness of the hazards of UV ex-
posure, particularly for people of certain
skin types and for young children, should be
increased through national campaigns.
Health education on UV radiation has al-
ready successfully modified behaviour in
some countries, but further efforts are
needed. In Australia, where the increase in
skin cancer has been most severe, the public-
ity has been intense. The government issues
forceful propaganda for the use of sun-
screens and the wearing of shirts and hats on
beaches, provides on-site inspection of moles
by dermatologists, and subsidizes high-factor
sunscreens.

Similar measures need to be considered
for implementation in the European Region.
A campaign has been organized in Scotland
to increase public awareness and encourage
earlier referral and treatment of malignant
melanoma [45]. It has been successful for
women but less so for men. The achiev-
ements, however, show the value of such
methods.

To date there is little evidence in Europe

that depletion of the stratospheric ozone
layer has resulted in changes in terrestrial le-
vels of UV radiation that exceed the con-
siderable normal variations occurring in
UVB. The recent claims from Canada [11]
of an increase in UVB, associated with a de-
crease in ozone levels in the northern hemi-
sphere, makes imperative the setting up of a
worldwide monitoring system capable of
scanning the entire UV spectrum.

The most important factor in the current
increases in skin cancer is undoubtedly life-
style: the cult of the suntan and the pursuit
of holidays in the sun. Health education
about these risks needs to include in-
formation on the possible hazards of the ex-
cessive or uncontrolled use of sunlamps or
sunbeds.

The consequences of any increase in ter-
restrial UV radiation from ozone depletion
are potentially serious, with possible direct
and indirect effects on human health. The
need to prevent further depletion of stratosp-
heric ozone is clear. International action to
limit it is discussed in Chapter 5.

Because an electric field at or close to the
surface of an object in the field is generally
strongly perturbed, the value of the unper-
turbed electric field (that is, the field that
would exist if all objects were removed) is
used to characterize exposure conditions.
Whereas electric fields are associated with
the mere presence of electric charge, mag-
netic fields result solely from the physical
movement of electric charge (electric cur-
rent) [46,47].

Natural electric and magnetic fields con-
sist of a static component from the earth and
several other small components that have
different characteristics and are related to
such influences as solar activity and atmos-
pheric events. The time-varying fields orig-
inating from man-made sources generally

11.3 Electric and Magnetic
Fields
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have much higher intensities than naturally
occurring fields. This is particularly true for
sources operating at a power frequency of 50
Hz, such as home appliances. The principal
man-made sources of electric and magnetic
fields are high-voltage transmission lines,
and all devices and appliances in industry
and in the home that operate at a power fre-
quency of 50 Hz in most countries (60 Hz in
North America). Other man-made sources
are found in research and in industrial and

medical procedures. Table 11.4 gives some
typical data on exposure levels.

11.3.1 Interaction mechanisms

Electric and magnetic fields and living or-
ganisms can interact directly or indirectly.
As to direct interaction, electric fields in-
duce a surface charge on an exposed body.
This results in a current distribution inside
the body depending on exposure conditions

Table 11.4: Typical levels of exposure from sources of electric and magnetic fields
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and the size, shape and position of the ex-
posed body in the field. Biological effects
can include the vibration of body hair, stimu-
lation of sensory receptors and cellular inter-
actions. Magnetic fields induce electric
fields and currents in the body that depend
on exposure conditions and body dimen-
sions.

As to indirect interaction, electric and
magnetic fields coupling to conducting ob-
jects may cause electric currents to pass
through people in contact with the objects.
The magnitude and spatial distribution of
such a current depend on frequency, the
quality of field coupling, the size, age and
sex of the person, and the area of contact.

Transient discharges (sparks) can occur
when people come into close proximity with
conducting objects exposed to strong fields.
The fields can interfere with medical im-
plants such as cardiac pacemakers and cause
them to malfunction. In general, the sensitiv-
ity of medical implants to electromagnetic
interference is not known.

11.3.2 Biological effects

During the last 10–15 years, more systematic
studies on the biological effects of electric
and magnetic fields have examined the
mechanisms of interaction [47,48]. The ap-
propriate dosimetric quantity, which is
closely linked to biological effects, is the in-
duced electric field strength at the cellular
level in living tissue or, connected with the
specific conductivity of the medium, the in-
duced current density. For frequencies be-
tween 3 Hz and about 300 Hz, current den-
sities of about 1–10 mA/m2 correspond with
the average values for current densities that
flow naturally in the body owing to the elec-
tric events in the brain and heart. On a
microscopic level, however, the naturally oc-
curring current densities are likely to be con-
siderably greater than the average values. It
is assumed that no effects occur below about
1 mA/m2 that could be explained by the nat-
urally occurring current densities. Biological
effects are well documented for the range

10–100 mA/m2 (Table 11.5) Current den-
sities of more than 100 mA/m2 exceed the
stimulation thresholds for nerve and muscle
cells and are likely to pose an acute threat to
health. Definite health hazards via extrasys-
toles and ventricular fibrillation result from
a current density in the cardiac region over
1000 mA/m2. The health consequences of
long-term exposure to field strengths corre-
sponding to current densities of 1–10 mA/
m2 are not known.

On the other hand, laboratory studies on
the biological effects of fields of extremely
low frequency (ELF) cannot be ignored. Al-
though there is today little direct evidence
about ELF fields and cancer, more focused
experiments are necessary. Some data chal-
lenge the conventional assumption that the
magnitude of an effect grows with increasing
exposure.

Effects at the cellular level

In general, no mutagenic effects of ELF elec-
tric and magnetic fields have been seen. The
lack of effect on chromosomes and DNA
has suggested that if electrical and magnetic
fields play any role in carcinogenesis they
are more likely to promote than to initiate,
enhancing the proliferation of genetically al-
tered cells rather than causing the initial
lesion. Some studies report that ELF fields
may alter RNA and protein synthesis. A
change in protein synthesis would be inter-
esting in the light of emerging evidence that
a complex interplay of different factors, in-
cluding ELF fields, regulates the cell cycle.

Since the 1970s, it has been known that
electric and magnetic fields might disrupt
the calcium balance in cells. The disruption
seems to depend on frequency and ampli-
tude (“window effects”). In cells, calcium
acts as an intracellular messenger both for
the activation of genes and in intercellular
communication. Further, calcium homoeos-
tasis helps protect cells from oxidative stress.
If disruptions of calcium balance induced by
ELF fields are sufficient to raise free radical
levels, they could inhibit a cell’s ability to
protect itself from another oxidative insult,
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such as a toxic chemical or ionizing radi-
ation.

Effects on animals

A number of investigators have reported that
electric and magnetic fields can reduce or
suppress melatonin production by the pineal
gland in laboratory animals under some cir-
cumstances. The pineal is a neuro-endocrine
agent that provides a hormonal signal syn-
chronized to the daily cycle of light and dark-
ness. Melatonin, the principal pineal hor-
mone, exerts a generally suppressive action
on other endocrine glands. Because light
perceived by the retina suppresses melatonin
production, circulating melatonin levels are
lower during the day than at night. Electric
and magnetic fields can suppress melatonin
production; this may influence the risk of de-
veloping certain types of cancer, particularly
cancer of the breast and prostate. Two
known biological effects of melatonin may

influence cancer risk, and account for the ex-
perimental observation that melatonin in-
hibits chemically induced breast cancer in
rats: melatonin stops the growth of hor-
mone-dependent cancer cells, and sup-
presses estrogen and testosterone produc-
tion.

In addition, light at night suppresses mela-
tonin production. Thus, two products of
electric power, electric and magnetic fields
and light at night, may reduce melatonin in
humans and influence the risk of breast and
prostate cancer – although it has to be noted
that the physiological role of melatonin in
humans is uncertain.

Even if the extrapolation of results from
animal experiments to human beings re-
mains controversial, owing to differences in
field strengths and current distributions as
well as biological differences, the largest
number of studies on electric fields has been
performed on animals. Many of the pub-
lished accounts of animal experiments, how-

Table 11.5: Biological effects of electric and magnetic fields (with induced electric field strength or current den-
sities in the extracellular medium) between 3 and 300 Hz
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ever, show that insufficient care was taken to
avoid the influence of secondary effects,
such as perceptible electrification or vi-
bration of body hair. Up to field strengths of
30 kV/m the observed changes in, for
example, white blood cells, blood sugar,
serum proteins, calcium concentration and
urine remained, as a rule, within the normal
range.

In general, the interacting effects of mag-
netic fields on mammals have not received
as much study as the influence of electric
fields. For static magnetic fields with flux
densities of less than 2 T, however, numer-
ous data indicate the absence of irreversible
effects on growth, development, behaviour
and physiological parameters.

For time-varying ELF magnetic fields,
very few systematic animal experiments have
been done to define thresholds for changes
in biological functions. Some studies report
effects depending on the pulse shape of the
magnetic fields. The latest investigations,
however, reveal that the densities of currents
induced by magnetic fields must exceed 10
mA/m2 in tissue and in extracellular fluids to
effect significant changes in the develop-
ment, physiology and behaviour of higher or-
ganisms.

Effects on human beings

For electric fields, results are available from
extensive laboratory tests on volunteers,
whereby the exposure conditions and con-
trol groups seem to be well defined in com-
parison to epidemiological studies but the
exposure time is limited [46]. The laboratory
tests include field exposure times of from 3
hours to 1 week and field strengths of up to
20 kV/m. The variables examined were reac-
tion time to optic and acoustic stimulation,
psychological factors, electroencephalo-
gram, electrocardiogram, blood pressure,
pulse frequency, body temperature, blood
status, biochemical parameters of blood and
urine, enzymes and metabolic factors. No
significant changes were found [49].

For magnetic fields, the examinations per-
formed on human beings can be divided into

two groups: those substantiated by many in-
dependent experiments on visual flicker
manifestations caused by the magnetic field
(magnetophosphenes) and the remaining
studies with non-uniform test conditions and
a multitude of examined parameters [47].

The maximum sensitivity of visual phe-
nomena occurs with frequencies of about 20
Hz; the lowest sensitivity thresholds for mag-
netophosphenes are about 2 mT at 20 Hz
and about 5 mT at 50 Hz. Examinations
such as electroencephalogram, electrocar-
diogram and measurements of pulse, blood
pressure, reaction time and diverse blood
and biochemical parameters showed no
changes beyond the normal range. The stron-
gest magnetic flux density used in these
studies with human volunteers was one of a
5-mT, 50-Hz field to which subjects were ex-
posed for 4 hours.

11.3.3 Epidemiological studies

Some reports on epidemiological studies and
laboratory research have raised questions
about the adequacy of existing guidelines for
limiting exposure to electric and magnetic
fields. Several epidemiological investigations
report an increased incidence of cancer in
children, adults and occupationally exposed
workers after exposure to ELF magnetic
fields (50/60 Hz) [50]. The reports of an ex-
cess of cancer in children, estimated to have
been exposed to average levels of approxi-
mately 0.1–0.4 µT by virtue of their place of
residence, have caused the most concern.
Several studies have been reported since the
appearance of the first in 1979 [50]. All are
case–control studies, in which comparisons
have been made between the proximity of
various sources of electromagnetic fields to
the places of residence of children who had
or had not developed cancer. Most of the
studies have been criticized because of inad-
equate dosimetry and borderline statistical
significance due to their low case numbers.

Further epidemiological studies have been
reported on residential [51,52] and occupa-
tional [51,53] exposures to electromagnetic
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fields. There is some evidence from the resi-
dential studies for a possible link between ex-
posure and childhood leukaemia.

A recent study from Sweden [54,55],
which included exposure assessment based
on measurements, found an increased risk of
childhood leukaemia related to estimated ex-
posure to electric and magnetic fields. It also
indicated that the effect was insignificant
from a public health point of view; less than
one extra case of childhood leukaemia per
year in Sweden (population 9 million) was
associated with living near high-voltage
power lines.

As to the occupational studies, there is
some evidence that increased exposures to
electromagnetic fields may be associated
with an increased risk of developing leukae-
mia (of different types); no dose–response
relationship has been demonstrated.

Present knowledge does not permit the
suggestion of a biological mechanism to ac-
count for the occurrence of malignant tu-
mours as a result of exposure to electric and
magnetic fields. It should be noted that the
currents induced in the body by the mag-
netic fields in question are more than two
orders of magnitude lower than those occur-
ring naturally in the body.

Experimental findings are not helpful
[56]. One cannot conclude either that elec-
tric and magnetic fields have no effects on
the physiology of cells, or that they produce
effects that would be regarded as suggestive
of potential carcinogenicity. The weight of
available experimental evidence is against
electromagnetic fields acting directly to dam-
age DNA, implying that these fields may not
be capable of initiating cancer in a way simi-
lar to that of ionizing radiation or many
chemical agents. The results of some studies
suggest the possibility that electromagnetic
fields act as co-carcinogens or tumour pro-
moters, but the data are inconclusive.

The International Commission on No-
nionizing Radiation Protection (ICNIRP)
reviewed the data on the possible carcinoge-
nicity of power frequency magnetic fields re-
lated to power lines at its annual meeting in
May 1993. All scientific data were con-

sidered that had been published or publicly
presented since the 1990 publication of the
interim guidelines [57] by the International
Nonionizing Radiation Committee (INIRC)
of the International Radiation Protection As-
sociation (IRPA) – the predecessor of IC-
NIRP. The most recent data reflect some im-
provements in the methodology of labora-
tory and epidemiological studies of occupa-
tional and general populations. After careful
consideration of this evidence, the ICNIRP
concluded that the data related to cancer do
not provide a basis for the assessment of the
health risks of human exposure to power fre-
quency fields, and the Commission con-
firmed the interim guidelines.

In summary, although the epidemiological
findings reviewed provide no conclusive evi-
dence of a carcinogenic hazard from expo-
sure to ELF fields, the findings justify the
proposal of a programme for further re-
search.

11.3.4 Exposure limits and
protective measures

Given the inadequacy of the available data
on carcinogenicity, exposure limits for elec-
tric and magnetic fields are currently based
on well established mechanisms and experi-
mental findings related to acute effects. The
published guidelines [57] are based on the
limitation of electric fields or current den-
sities induced in the body by exposure to
electric or magnetic fields. Current densities
(well below thermal effects) should be no
more than about 10 mA/m2 and continuous
occupational exposure should be limited to a
current density of 4 mA/m2; a further safety
factor is incorporated for exposure of the
general public (2 mA/m2). From these basic
limits, limits for exposure to electric and
magnetic field strengths have been derived
that can be monitored by dose meters. Table
11.6 summarizes these derived exposure li-
mits.

Experience has demonstrated different
thresholds for direct and indirect effects
[58]. Secondary short-term effects must be
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considered when evaluating health risks re-
sulting from exposure to electric or magnetic
fields. The thresholds for some indirect ef-
fects are lower than those for biological ef-
fects, owing to the direct influence of elec-
tric and magnetic fields. Contact currents
enter a person through electrical conductors
in contact with the skin; spark discharges in-
troduce transient currents into the body
through an arc gap when the electrical break-
down potential of air is exceeded; and elec-
tric or magnetic fields interfere with the per-
formance of cardiac pacemakers. These ef-
fects may occur in the range between the ex-
posure limits for the general public (5 kV/m,
100 µT) and the limit for short-term occupa-
tional exposure.

The responsibility for the protection of
workers against the potentially adverse ef-
fects of exposure to electric and magnetic
fields should therefore be clearly assigned.
The competent authorities should consider
developing and adopting exposure limits and
implementing a programme to ensure com-
pliance. In addition to the requirement of ob-
serving the exposure limits and developing
standardized measurement procedures and
survey techniques, some special issues need
consideration.

Occupational exposure

Strong electric fields in the workplace in-
duce currents in conducting objects, which
may then pass through grounded people in

contact with the objects. Field strengths
greater than about 5–7 kV/m can produce a
wide variety of hazards, such as startle reac-
tions associated with spark discharges and
contact currents from ungrounded conduc-
tors in the field. Care should be taken either
to eliminate or ground such conductors, or
to ensure that people wear insulated gloves
when ungrounded objects must be handled.
Caution dictates the use of protective de-
vices (such as suits, gloves and insulation) in
all fields exceeding 15 kV/m.

Safety hazards associated with combus-
tion, the ignition of flammable materials and
electric explosive devices may exist in the
presence of a high-intensity electric field.

Exposure of the general public

The limit of 5 kV/m for continuous exposure
of the general public provides substantial
protection from annoyance caused by steady-
state contact currents or transient dis-
charges. This limit, however, cannot com-
pletely eliminate the perception of the ef-
fects of an electric field, since the perception
threshold for some people is below 5 kV/m.
In such cases, additional technical measures
(such as grounding) may be instituted to
avoid indirect coupling effects arising from
touching charged, ungrounded objects.

People with cardiac pacemakers and other
electrically active medical implants should
not have access to areas where the electric
field strength exceeds 5 kV/m or the mag-

Table 11.6: Limits of exposure to 50/60-Hz electric and magnetic fields
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netic flux density exceeds 0.1 mT (50/60-Hz
fields).

11.3.5 Conclusions

More people will be exposed to fields of 50
Hz and higher frequencies as increased elec-
trification accompanies socioeconomic de-
velopment, and modern communication sys-
tems are adopted. If long-term exposure to
weak electric and magnetic fields poses any
hazard to health, more people will be at risk.

Although the public is concerned about
exposure to electric and magnetic fields, the
epidemiological evidence on which these
concerns are based is inconclusive. In addi-
tion to further epidemiological research, ex-
perimental research is needed on the mech-
anism of the action of ELF fields at the cel-
lular level, the biological significance of
window effects, and the relevance of some
observed effects for long-term exposure.
While measures and limits have been pro-
posed for the protection of workers from es-
tablished acute effects and measures to pro-
tect the general public have been suggested,
the situation should be reviewed in a few
years when the results of new research are
available.
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Ionizing radiation is a natural part of the en-
vironment. Life has been exposed to radi-
ation since it first appeared on earth. The
principal sources of ionizing radiation orig-
inate in the terrestrial environment, i.e. the
radioactive substances in the soil, rocks,
water and air, and from cosmic sources
(Table 12.1).

Natural radiation varies significantly from
one part of the earth to another, depending
principally on factors such as the latitude
and geological make-up of an area [1]. With
one exception, all natural sources provide an
essentially unvarying exposure in any given
geographical location. The exception is the
radioactive gas radon, which is released to
the atmosphere from uranium-bearing rock.
The emission of this gas, apart from diurnal
and seasonal variations, does not vary over
time, except when the terrestrial structure is
disturbed by, for example, mining or earth-

12.1 Sources
quakes. Over the past few decades, however,
buildings over such radon-releasing rock
have tended to acquire higher concen-
trations of radon as a result of reductions in
the ventilation rate designed to conserve
energy [3]. It is therefore useful, in consider-
ing the natural radiation background en-
vironment, to distinguish between radon and
other sources of ionizing radiation to which
life has been exposed at an almost constant
rate over eons. While variations in exposure
to radon may vary by over several orders of
magnitude from one geographical location
to another, exposure to other sources com-
monly varies by a factor of two to three and,
exceptionally, by an order of magnitude. Fig.
12.1 shows typical values for the relative con-
tributions of radon and other sources to the
average annual dose from natural sources of
radiation for several European countries [4].

Human beings have increased exposure to
radiation from the environment through a
number of activities, including mining, using
products with high natural radioactivity
(such as phosphate fertilizers), burning fos-
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sil fuels and extracting water from deep
wells, as well as testing nuclear weapons,
generating nuclear power and using radi-
ation and radioactive materials in medicine,
industry and research. In general, the extent
of the increased environmental exposure
from all these activities is within the range of
geographical variation commonly found in
exposure to the non-radon sources of natural
background radiation [1] and as such can be
regarded as unexceptional in terms of the
risk of extra disease that might occur. Some
exceptions, however, need careful consider-
ation. These arise primarily from sources for
which no analogous exposure occurs in the

natural environment (particularly certain
radionuclides that are either extremely rare
or nonexistent naturally) and that concen-
trate in parts of the human body or are lo-
cated in especially sensitive organs. This
chapter emphasizes environmental exposure
to radiation from man-made sources. It gives
no further consideration to exposure that
can be seen to be both analogous to non-
radon natural background exposure and in-
sufficient to exceed, on an annual basis, the
natural variations in background radiation
exposure, or to medical exposures in diag-
nostic or therapeutic procedures.

Table 12.1: Annual effective doses to adults from natural sources of ionizing radiation

Fig. 12.1: Average annual doses from natural sources of radiation in 17 European countries
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12.2.1 Nature and quality of
ionizing radiation

The generation of ionizing radiation can re-
sult from technical processes or the natural
radioactive decay of certain substances.
Such radiation interacts with matter, includ-
ing biological materials, by transferring
energy that may break the bonds that hold a
molecule together. In biological materials,
such chemical changes can have conse-
quences that may be recognized immedi-
ately, or after several decades or even gener-
ations.

The different kinds of ionizing radiation
can produce similar biological effects. They
may differ, however, in their quality; this re-
flects primarily the efficiency with which
they deposit energy and induce biological ef-
fects. Biological effects are traditionally re-
lated to the absorbed dose: the amount of
energy imparted per unit mass of tissue.
Some types of radiation, such as alpha par-
ticles, lose their energy to relatively small tis-
sue masses and thus create high energy den-
sities. Others, such as gamma rays, impart
their energy more sparsely. In general, the
latter are less effective than the former at
producing biologically relevant damage per
unit dose [5].

12.2.2 Effects on health

Ionizing radiation brings about biological ef-
fects through the processes of molecular
break-up and rearrangement. As most kinds
of molecule exist in large numbers within the
cell, their loss or alteration in a few cells is of
little consequence. Danger arises when a
rare molecule, critical to the functioning of
the cell, is damaged. The most important of
these is DNA. Damage to DNA may either
modify or prevent reproduction of the cell,
resulting in the death of the cell progeny. Un-
less many cells are killed this usually does

12.2 Biological Effects
not affect the functional capability of the tis-
sues and organs, because of their very sub-
stantial redundancy. There is evidence, how-
ever, that the modification of DNA underlies
the mutagenic and carcinogenic effects of
radiation.

Ionizing radiation causes two kinds of bio-
logical effect: deterministic and stochastic
[5]. Deterministic effects result from a loss
of biological function; normally these be-
come apparent shortly after exposure
(within weeks), increase in severity with in-
creasing dose, and are either insignificant or
absent below a threshold of dose (about 0.5
Sv). Stochastic effects result from changes in
the genetic make-up of cells. These may take
several years to become clinically apparent
in the exposed person, and may affect his or
her progeny. The probability of an effect is
related to dose; there is assumed to be no
threshold below which this probability is
zero.

Owing to the threshold, limiting doses can
usually prevent deterministic effects.
Examples of deterministic effects are the de-
pression of the blood-forming tissues, skin
damage, and the induction of opacities in the
lens of the eye (cataract). Only in very excep-
tional cases, such as accidents, do determin-
istic effects occur as a result of exposure to
environmental sources of ionizing radiation.
Even in such circumstances, very few people
are likely to receive doses high enough to ex-
ceed the threshold for effects. For this rea-
son, deterministic effects are not further dis-
cussed here.

With the assumption of no threshold, li-
miting doses cannot eliminate stochastic ef-
fects but the probability of an effect occur-
ring can be kept at tolerable or acceptable le-
vels. At low doses, stochastic effects are as-
sumed to be induced in direct proportion to
dose. The principal risk is of cancer. Radi-
ation can induce a wide range of types of
cancer and the following generalizations can
be made.
• In general, radiation-induced cancer oc-

curs only in the tissues exposed to radi-
ation.

• Radiation-induced cancer is currently in-
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distinguishable in its histopathology from
the spontaneously occurring disease.

• The latency periods for the occurrence of
cancer range from 2 years for leukaemia to
more than 40 years.

• Sensitivity varies from tissue to tissue and
with age, sex and genetic constitution.

In addition, it is recognized that irradiation
of the germ cells may lead to hereditary dis-
ease in future generations. Studies on the
populations exposed to the atomic bombs in
Hiroshima and Nagasaki have not identified
statistically higher frequencies of genetic dis-
orders, although experimental studies on
plants and animals have indicated that such
effects can occur. Gardner et al. [6] reported
an increased risk of leukaemia in the off-
spring of certain radiation workers, but
whether there is a causal relationship is still
unclear.

12.2.3 Assessment of risk

People exposed to ionizing radiation from
environmental sources are thus primarily at
risk of cancer, which has to be seen against a
relatively high spontaneous incidence;
cancer accounts for 20–25% of all deaths. It
is assumed that exposure to natural back-
ground radiation may cause a proportion
(5–10 %) of these deaths [1]. An important
consequence of this is that one cannot de-
finitively attribute any one case of disease to
exposure to radiation; it is only possible to
estimate the probability that this is so. Risk
is usually expressed in terms of the cases of
cancer expected in a specified number of
people exposed to a unit of dose, in addition
to the naturally occurring cases. In addition
to such absolute risk one can assess relative
risk, which indicates the excess risk from
radiation relative to the baseline risk.

Since few studies examine an exposed
population throughout life, the lifetime risk
is usually obtained by projecting the fre-
quency of cancer induction obtained for the
period of observation to the lifetime of the
exposed population. Since the spontaneous
cancer rate increases with age, a projection

in terms of constant relative risk will yield
higher risk estimates than a projection in
terms of constant absolute risk, which is in-
dependent of the spontaneous rate [5].

12.3.1 Converting exposure to dose

The two basic quantities in the assessment of
radiation levels and effects are the activity of
a radionuclide and the radiation dose. The
conversion of the amount of radionuclides
incorporated into the human body into dose
depends on the transfer of the relevant radio-
nuclides to different human tissues and or-
gans, the decay of the radionuclides, and the
energy of radiation accompanying the radio-
active decay.

The physical, chemical and biological
properties of a radioactive substance deter-
mine the extent to which it may pose a
health hazard. The factors that increase the
hazard are the ease with which a radionu-
clide reaches the blood after ingestion or in-
halation, the tenacity with which it is re-
tained in the body and the sensitivity of the
tissues it can irradiate. Inhaled radionu-
clides, such as radon, primarily irradiate the
lungs. Tritium may become chemically com-
bined as water or a constituent of biological
substances, and its tissue distribution will
vary accordingly. Caesium behaves like po-
tassium and is widely distributed in the body.
An important radionuclide in sudden acci-
dental releases is iodine-131, because it con-
centrates in the thyroid gland. Plutonium
and strontium are deposited in bone.

12.3.2 Alpha emitters

The short range of the alpha particle means
that the radionuclides must be located near
the cells that are likely targets for adverse ef-
fects. A single alpha particle can only tra-
verse a few cells, but can deposit relatively

12.3 Control of Exposure
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large amounts of energy in each. Indeed, suf-
ficiently high doses can be imparted to the
nucleus of a single cell to create a high prob-
ability of killing the cell. Cells surviving such
a passage carry substantial damage and may
give rise to cancer or genetic defects [3].

At high enough exposure rates, therefore,
a cell killing effect may prevail and fewer
added cases of cancer may be caused per
unit dose with increasing exposure rate.
Studies of lung cancer in miners exposed to
radon have shown such an effect. Several
studies of risk from domestic exposure are
under way [7]. Two studies reported from
Sweden indicate a risk factor in line with
that derived from the data on miners, but
without the complication of fewer cases of
cancer per unit dose with increasing expo-
sure rate [8,9].

Other sources of alpha radiation are the
transuranic elements that constitute nuclear
fuels. The manufacture and processing of nu-
clear fuels and the disposal of the associated
wastes are an important source of radioactiv-
ity in the environment. In general, these nu-
clides are avidly retained in the body and
may irradiate critical cells in various tissues.
Their behaviour in the environment is com-
paratively poorly understood and their bioa-
vailability may vary from one set of circum-
stances to another. Estimates of their effec-
tiveness in causing harm have to be derived
from limited data sources, often not strictly
comparable. Once released into the environ-
ment, however, they are difficult and expens-
ive to remove.

Transuranic elements find their way into
many tissues of the body following inha-
lation or ingestion. Of principal concern to
health are the internal “interfaces” of the
body with the outside world, such as the lung
and tracheobronchial lymph nodes. Lym-
phatic tissues are exposed as part of the im-
mune response system and are thus at risk of
irradiation by particulate radionuclides. Ba-
verstock & Thorne [10] have extensively re-
viewed this topic. They conclude that, in
spite of the inevitable doses received by lym-
phatic cells, especially those in the tracheo-
bronchial lymph nodes where particulate

material cleared from the lung may remain
for very long periods, there is no evidence of
a risk to the lymphatic system. Of course,
lung cancer is known to result from irradi-
ation of the lung by alpha radiation, and
transuranic elements may be expected to
carry risks, in proportion to dose, of the
same magnitude as those from radon.

Alpha emitters that irradiate bone are
known to carry a risk of bone cancer. The ex-
perience of radium chemists, dial painters in
the United States and patients treated in
Germany with the short-lived radium-224
provides evidence of the ability of radium to
induce bone cancer. There is little or no
human evidence at the much lower doses
that might be expected from environmental
exposure to transuranic elements; some in-
terpretations of the data on dial painters sug-
gest a lower risk per unit dose at low levels of
radium. The inner surfaces of bone form the
lining of marrow cavities, and bone marrow
damage leading to leukaemia might therefore
be expected to occur. In fact, the radium
studies give no evidence of a risk of leukae-
mia, in contrast to a marked risk in patients
treated with the X-ray contrast agent thoro-
trast, which is an insoluble colloid of
thorium oxide that becomes distributed in
the bone marrow. It may therefore be ten-
tatively concluded that environmental expo-
sure to bone-seeking transuranic elements,
including plutonium, does not present a sig-
nificant risk of either bone cancer or leukae-
mia.

Finally, small amounts of transuranic el-
ements entering the body become located in
the gonads, where in the male they can ir-
radiate the spermatogonial stem cells. There
are no human data to indicate whether such
exposure entails a risk. Evidence from
studies in mice and in mouse bone marrow
cells in culture suggests that the passage of a
single alpha particle through a cell can, if it
does not kill it, lead to rather generalized late
chromosomal damage. This phenomenon is
not at all well understood and the risks of
gonadal exposure to transuranic alpha radi-
ation cannot be assessed, but cannot be dis-
missed.
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12.3.3 Recommendations on
radiation protection

The International Commission on Radio-
logical Protection (ICRP) has recommended
that the lifetime dose for the public from
planned activities should not exceed 70 mSv,
with a maximum of 5 mSv in any one year
[5]. The average dose for five years should
be less than 1 mSv/year. This recommen-
dation does not apply to natural background
radiation, medical exposures or already exist-
ing conditions, such as those that have re-
sulted from a major accident.

Exposure is largely controlled by control-
ling releases of radioactivity to the environ-
ment in such a way that these are as low as is
reasonably achievable, and in any case do
not give rise to exposure that would result in
the dose limit being exceeded. This process
involves a complex framework of “pathway
modelling” to determine the extent of expo-
sure. This essentially predictive process is
based on extensive studies of the properties
and behaviour of radionuclides in the en-
vironment, in the food-chain and in human
beings. Inevitably, such models cannot accu-
rately reflect the exposure of individuals,
since assumptions have to be made about
such factors as the transfer of radionuclides
and diets. A margin of safety must be incor-
porated, to ensure that the exposure of par-
ticular groups does not exceed the limit.

On the basis of these arguments, all planned
activities involving the controlled release of
radioactivity to the environment should not
contribute a dose larger than 1 mSv/year to
the general population. This is well within
the variation of the natural background ex-
posure (without radon) between geographi-
cal locations. Some facilities, especially in
the CCEE and NIS, may not conform to

12.4 Priorities in Environmental
Exposure

these standards. The added exposure of
people living in the vicinity of most present-
day nuclear facilities such as power plants,
however, is far less than the levels of expo-
sure to natural radiation.

Concern focuses on sources that may re-
sult in radiation exposure above the variation
in natural radiation (1–3 mSv/year) such as
radiation accidents, nuclear weapons testing,
waste disposal, radon in regions with ura-
nium-bearing rock, and occupational expo-
sure.

12.4.1 Radiation accidents

Accidents fall into two categories: large-scale
accidents in nuclear facilities, resulting in
the breaching of containment and major
structural damage to the affected facility,
and unplanned releases from intact facilities.
Accidents in the second category often go
undetected or unreported, and their impact
is in general considered small in both abso-
lute terms and in comparison to those in the
first category. It has only recently become
known [11] that the Chelyabinsk region of
the RSFSRa suffered large-scale contami-
nation from 1949 to 1956, both from acci-
dents and from routine releases of radioac-
tive waste from the Mayak atomic weapons
complex (Box 12.1).

The European Region has experienced
three accidents that fall into the first cat-
egory: the Windscale accident in the United
Kingdom in 1957, the Kyshtym accident in
the USSR in 1957, and the Chernobyl acci-
dent in the USSR in 1986 [12]. The accident
at the Windscale reactor was a fire in the
graphite core. The main substances released
were isotopes of xenon, caesium, polonium
and, most important, iodine. A ban on milk
supplies had the effect of reducing radioac-
tive iodine intake through milk. Maximum
absorbed doses to the thyroids of people
close to the Windscale site were estimated
to be of the order of 10 mGy for adults and

a The Russian Soviet Federal Socialist Republic,
now the Russian Federation.
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Box 12.1: Radioactive contamination in the southern Ural mountains

In May 1946, during the initial phase of the nuclear arms race, the USSR began construct-
ing a facility named Mayak “beacon” in a region of the southern Ural mountains between
Chelyabinsk and Sverdlovsk, to breed and separate plutonium for atomic bombs. In June
1948 the first uranium–graphite reactor began operation, and in December 1948 a radio-
chemical separation plant was started. Serious problems ensued with radioactive contami-
nation and the exposure of workers and of the population.

Radiation exposure of the workers was extremely high during the first years of oper-
ation. Particularly in the chemical plant, workers not infrequently received doses of sev-
eral Sv per year – up to a hundred times the dose that was later specified as the limit for
radiation workers. Numerous cases of acute radiation sickness occurred, and even more
cases of lasting changes in blood count, which were classified as chronic radiation sick-
ness. Between 1948 and 1953 about 2400 workers were exposed to average annual doses
of 0.7 Sv. Some 1600 workers in the reactor received doses that were, on average, about
half as high. The follow-up for late radiation effects has shown significant increases in leu-
kaemia and solid cancers in people who had started work in the early years of the plant.
The excess incidence of leukaemia per unit dose appears to be somewhat less than that
among the survivors of atomic bombs, who were subject to high exposure of shorter dur-
ation.

An even larger problem resulted from the release of 80  109 litres and 1017 Bq of liquid
waste into the river Techa in the period 1949–1956. A large number of people in the vil-
lages on the river were exposed without their knowledge, due to incorporated strontium
and to gamma rays from external contamination, predominantly by caesium isotopes. In
subsequent years, over 7000 people residing in villages close to Mayak were evacuated
and the villages were destroyed. In the remaining villages, the river and flood lands were
fenced off and the use of river water was forbidden, although these regulations were
neither explained nor effectively enforced. Hundreds of people received doses of several
Sv per year, and cases of acute and chronic radiation sickness were not infrequent. Even
the average doses in some of the villages were over 1 Sv. A follow-up study is under way of
about 40000 people who were subject to significant exposure. The epidemiological fol-
low-up has shown an increased incidence of leukaemia and an excess of solid cancers. The
river Techa is still largely fenced off, although the remaining radioactive contamination is
substantially reduced and protective regulations are widely disregarded.

When the routine releases into the river Techa had already been greatly reduced, a dra-
matic accident happened at Mayak’s separation plant near the village of Kyshtym. In Sep-
tember 1957 a liquid waste storage tank with 740 PBq – predominantly strontium-90 – ex-
ploded and spread its activity in a plume extending several hundred kilometres to the
north-east. About 270000 people lived in the wider region of contamination. Somewhat
more than 10000 were evacuated within days and weeks after the accident. In three vil-
lages, a total of about 1000 inhabitants received doses of roughly 0.6 Sv. The relatively
small number of people in the more highly exposed groups makes it unlikely that radi-
ation-induced excess rates of cancer can be detected. The so-called South Ural Track is
still fenced off and access to this area, which still has strontium contamination of up to
55.5 TBq/km2, is strictly controlled.

A further problem in the same territory, although on a smaller scale, occurred in the
spring of 1967 when heavy storms resuspended radioactivity from the dried shoreline of a
small lake, Lake Karachay, that Mayak continues to use to store high-level waste. The re-
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100 mGy for children. Several million people
living in the south-east of the United King-
dom received very small doses from iodine
contamination of their milk supplies.

The accident at Kyshtym, adjacent to Che-
lyabinsk, was a chemical explosion in a stor-
age tank of high-level waste fission products.
The products released were isotopes of
cerium, zirconium, nobium and, most im-
portant, strontium. The exposure of the
population was due to incorporated stron-
tium and external radioactive contami-
nation. The accident affected a very large
number of people in the Chelyabinsk, Sverd-
lovsk and Tyumen areas (Box 12.1).

The Chernobyl accident (Box 12.2) was a
reactor explosion and subsequent graphite
fire, which released a substantial fraction of
the reactor core. It is the worst accident in
the history of energy generation. It led to the
widepread distribution of radioactive ma-
terial over much of the European Region.
Outside the former USSR, estimated whole-
body doses ranged up to 1 mSv in the first
year (Fig. 12.2). Part of this exposure in-
cluded that from isotopes of iodine. The re-
sulting average doses to the thyroid of in-
fants ranged up to 25 mSv in some countries
(Fig. 12.3); doses to some individuals could
have been substantially larger. In contrast to
the whole-body doses, which on average fall
within the variations of natural background
doses, the doses to the thyroid cannot be ig-
nored. Calculation of the risk is uncertain,
however, because there is no direct experi-
ence of the effects of iodine-131 on infants
and children, risk estimates being based on
data from X-ray exposure. If iodine-131 is as
effective as external radiation in inducing

thyroid cancer, then a dose of about 90 mSv
can be expected to treble the spontaneous
risk [13], which is of the order of a few in a
million.

Within the more immediate environment
of the accident, doses were much higher. In
the 30-km zone around the reactor, from
which about 135000 people were evacuated,
doses would have been 0.5 Sv or more in the
first year if locally produced food had been
eaten. Substantial doses were received at
greater distances. In an assessment of doses
to selected settlements outside the 30-km
radius, the International Atomic Energy
Agency (IAEA) reports total average doses
ranging up to 160 mSv between 1986 and
1989 [14]. The individual risks of leukaemia
and other types of cancer may be expected to
increase. A dose of 1 Sv delivered at low
dose rates might be expected to double the
spontaneous risk of leukaemia (a rare dis-
ease) in adults and adolescents. In children,
who have a much lower spontaneous inci-
dence, such a dose may increase the risk by
up to tenfold, although the resulting absolute
excess risk may be similar to that of adults.
For all other types of cancer taken together,
the relative increase will be considerably
smaller, but the spontaneous risks are much
larger and therefore the number of deaths
may be greater.

The dose to the thyroid from iodine iso-
topes gives rise to particular concern. The
IAEA estimate of the average thyroid dose to
children is up to 2 Sv in the heavily contami-
nated settlements near the 30-km zone
around the reactor; individual doses may be
up to five or more times this, particularly in
infants. In Belarus, an increase in childhood

Box 12.1: Radioactive contamination in the southern Ural mountains

sulting contamination affected part of the terrain that had already been affected by the
Kyshtym accident. This incident shows the lasting danger still represented by Lake Karac-
hay; it remains the largest and the worst site of radioactive waste accumulation on earth.
A system of storage ponds along the river Techa has less specific activity but it, too, pres-
ents most difficult problems with regard to the protection of water, soil and air.

Source: Burkart, W. & Kellerer, A.M. [11].



342 Ionizing Radiation

thyroid cancer has already been observed; al-
though it is not unequivocally related to the
exposure from Chernobyl, iodine isotopes

appear to be the most likely cause. The ICRP
estimates the risk of thyroid cancer for all
ages to be 0.8% per Sv, but for children the

Box. 12.2: Radiation effects of the Chernobyl accident

The explosion and the subsequent fires at the Chernobyl reactor in April 1986 led to the
discharge of radioactive material, which was carried further than expected by air streams.
The material precipitated with rain not only over the territory of the USSR but also over
many other countries in the European Region, and in trace amounts throughout the
northern hemisphere. An appreciable fallout of radioactive caesium-137 and caesium-134
was observed in such countries as Austria, Bulgaria, Finland, the German Democratic Re-
public, the Federal Republic of Germany, Italy, Norway, Poland, Romania and Sweden.
No one had anticipated that an accident could affect such an extensive area.

The main components of the radioactive releases were caesium-137, caesium-134 and,
to a much lesser extent, strontium-90. The highest level of soil deposition of caesium re-
ported outside the USSR was of the order of several tens of kBq per m2. Because of its
short half-life, iodine-131 was detected as an air contaminant in certain parts of the
RSFSR and the Ukrainian and Byelorussian SSRs and the Baltic states only immediately
after the accident. Children in these regions were particularly affected by the radioactive
iodine, which could concentrate in the thyroid gland.

Immediately after the accident, the population was evacuated from a 30-km zone
around the Chernobyl power station. In other areas, people had to leave only if the annual
dose expected was higher than 100 mSv (50 mSv external and 50 mSv internal exposure).
The Ministry of Health of the USSR subsequently introduced an upper lifetime limit of
350 mSv as a criterion for evacuation. If the lifetime dose was expected to be less than
350 mSv, evacuation could still be considered for social, economic or other reasons. In
the first year, the populations of 186 settlements in the RSFSR and the Ukrainian and
Byelorussian SSRs – about 120000 people – were evacuated. In about 640 settlements
(with about 230000 inhabitants) an increased level of radiation was observed that still
requires strict monitoring, especially of food.

Measurements since the accident have shown that iodine-131, caesium-134 and cae-
sium-137 are the radioactive substances that have contributed significantly to doses,
mainly by external exposure from deposited material and by ingestion of contaminated
food. An unexpectedly high accumulation of caesium-137 was observed in mushrooms,
reindeer, game and some freshwater fish (see Chapter 9).

Direct casualties occurred among reactor workers and firefighters, 30 of whom died
from radiation exposure and burns incurred during the initial phase of the accident. In-
itial estimates about later health effects varied widely. Predictions of the number of deaths
from radiation-induced cancer depend on the territory covered, estimated exposure and
the number of affected people. Although the full health consequences of the accident are
unlikely to be known precisely, some unexpected effects have emerged. Five years after ex-
posure to radioiodine, a sharp increase in the incidence of thyroid cancer among children
has been observed in Belarus, with the annual number of new cases rising from 2 in 1986
to 55 in 1991.

To date there is no proof of an increase in the incidence of any other type of radiation-
inducible cancer. The accident had substantial psychological impact; this indirect adverse
effect on health may possibly be more important than the direct effects due to radiation.
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relative risk given above implies increases of
up to 100 times the spontaneous risk. This
represents a serious potential public health
problem. As indicated above, however, the
estimate is based on the assumption that iod-
ine-131 is as carcinogenic as external radi-
ation in children; this underlines the urgent
need for a better understanding of the risks
associated with exposure to iodine isotopes.

At present, there is no firm evidence of an
increased incidence of any other type of radi-
ation-inducible cancer as a result of the
Chernobyl accident. The relative absence of
baseline data on cancer incidence and mor-
tality in these regions may make it difficult
for epidemiological studies to detect in-
creases. Nevertheless, the accident had sub-
stantial negative psychological conse-
quences: anxiety and stress due to the con-

tinuing high levels of uncertainty. The direct
impact of stress and the changes in lifestyle
(such as increased drinking and smoking)
that were its indirect results may well have
had effects on health and wellbeing that far
exceeded the direct effects of the radiation
exposure. The perception of the risk of expo-
sure to radiation, rather than the exposure
itself, has produced what has been called an
epidemic of stress-related diseases. In-
formation is still fragmentary and mainly cir-
cumstantial, but there is no doubt that the
fear of exposure to radiation has caused psy-
chosomatic illness and that considerable so-
cial disruption has resulted (a negative effect
on wellbeing). A less noticed health conse-
quence of the Chernobyl accident is the
sharp increase in abortions in southern Eu-
rope because of fear of birth defects [15].

Fig. 12.2: Average first-year committed effective dose equivalents from the Chernobyl accident
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12.4.2 Safety of nuclear power
plants

A nuclear power plant in operation normally
releases negligible amounts of radioactivity
into the environment. Under normal condi-
tions, exposure is far less than that from
natural background sources, such as radio-
nuclides in the soil and cosmic rays. The
safety of a nuclear power plant is governed
by the likelihood of a significant release to
the environment of radioactive material in
the event of a malfunction or accident. The
risk of such an incident depends on several
factors, including the design of the plant
(with or without multiple physical barriers
or containments), its maintenance and the
level of staff training.

Several lines of physical barrier should be
used in nuclear power plants:

• a fuel matrix consisting of pellets that bind
the fission products;

• a cladding on the fuel rods that seals the
pellets in the rods;

• a primary coolant circuit, which is
composed of pressure vessel, valves, pipes
and other components and circulates cool-
ant to prevent heat damage to the fuel
rods; and

• a containment that comprises a hermeti-
cally sealed building and confines radioac-
tive materials within the plant.

Redundancy, diversity and spatial separation
of the safety components dominate the de-
sign principles. Safety measures should be
taken at several levels.

1. Plants should be designed and operated
with conservative margins of safety using,
for example, strict quality requirements for
construction materials.

Fig. 12.3: Average first-year infant thyroid dose equivalents from the Chernobyl accident
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2. Operating systems should be designed to
counter abnormal events through in-
herently safe design, additional equipment
such as back-up electricity generators in
case of loss of power, and high-sited water
reservoirs for emergency cooling.

3. Safety systems should respond automati-
cally to prevent events from escalating
into a severe accident; for example, the
control rods should move into the core by
gravity alone.

4. Special design features should be used
(such as a core catcher to prevent radioac-
tivity contaminating groundwater, vents to
release pressure and sand filters to retain
gaseous radioactivity) to preserve the in-
tegrity of the containment structure and
minimize releases to the environment.

In addition to proper design, an adequate
number of qualified and motivated staff is
necessary to operate and service the plant.
Regular and scheduled preventive mainten-
ance and surveillance ensure that the struc-
tural components and systems continue to
operate at the intended level of safety.

Not all the nuclear power plants in the
European Region meet these stringent stan-
dards. RMBK reactors, which lack both an
inherently safe design and appropriate con-
tainment, are an obvious cause for concern
in some of the CCEE and NIS. In other
countries of the Region, the operation of
aging reactors may be a potential problem.
To reduce the risk of an accidental release of
radioactivity to the environment, countries
with more advanced technology should as-
sist others in improving their safety stan-
dards. The Chernobyl accident has shown
that the release of radioactivity is not con-
fined to the immediate vicinity of the acci-
dent scene, but may also affect places thou-
sands of miles away.

A different type of potential problem may
exist where nuclear power dominates energy
policy. In such a situation, the adjustments
necessary for safety may require the reduc-
tion of electricity production to levels un-
comfortable for the consumer; plants may
therefore be kept operating to suboptimal
safety standards. Ideally, the principle of di-

versity should be maintained not only in the
design of safe nuclear power plants but also
in the supply of electricity by different
sources.

Finally, the safety of nuclear technology
and control of its radioactive inventory
requires a certain stability in society and may
be threatened by war or other major social
upheavals.

12.4.3 Weapons testing

The extensive programmes for testing nu-
clear weapons during the 1950s and part of
the 1960s released enormous quantities of
radioactivity; after injection into the upper
atmosphere, this was distributed over the en-
tire northern hemisphere. It created a fallout
that continues to provide a component of en-
vironmental radiation exposure, particularly
in areas with heavy rainfall. Annual doses
are now very small in comparison with the
variations in natural background radiation.

12.4.4 Disposal of radioactive
waste

The various forms of waste can be categor-
ized by their level of radioactivity, heat con-
tent and potential hazard. Radioactive waste
may thus be divided into low-, intermediate-
and high-level waste. Low-level waste in-
cludes slightly contaminated material such
as industrial trash and hospital waste. This
can normally be handled without special
shielding. Intermediate-level waste may in-
clude solidified chemical sludges, as well as
pieces of equipment or metal fragments, and
might require some shielding. Low-level
waste is usually deposited in near-surface
structures or shallow burials. With the excep-
tion of sea dumping, which relied upon dilu-
tion and dispersion in the environment and
is now suspended, all disposal concepts for
low- and intermediate-level waste rely on iso-
lation from the biosphere until radioactive
decay has made subsequent releases to the
environment compatible with radiation pro-
tection criteria.
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High-level waste generates much heat and
penetrating radiation for centuries. There are
four kinds of such waste:

• spent fuel, consisting of the uranium re-
mains contaminated with fission prod-
ucts;

• actinides formed from uranium nuclei, in-
cluding long-lived alpha particle emitters
such as plutonium-239;

• concentrated fission products arising from
the reprocessing of spent nuclear fuels;
and

• by-products of weapons programmes.

At present, no country has a high-level waste
repository; IAEA predicts that the first will
be operational in 2010 [16]. Compared with
the spent fuel of nuclear reactors, the mass
of waste generated from military appli-
cations of nuclear technology is enormous.
Waste from civilian nuclear plants, however,
contains more radioactivity and is increasing
more rapidly than waste from military pro-
grammes.

Most countries using nuclear power

plants, except the NIS, have programmes for
the safe disposal of spent fuel. One of the
major problems arises from the very long
half-lives of some of the radionuclides pres-
ent in the waste; it is impossible to provide
absolute proof of safe repository perform-
ance over such long periods. In most coun-
tries, spent fuel and solidified high-level
waste will be stored for about 20–100 years
before disposal. The problem of what to do
with worn-out nuclear power plants has de-
veloped an important new dimension, with
evidence that some reactor components may
remain radioactive for thousands of years. Of
major concern are the very long-lived iso-
topes of nickel and niobium, which are
added in traces to some steels to inhibit
cracking.

While most radioactive material and waste
are stored under secure conditions, the un-
authorized sale of radionuclides or sources
of radioactivity (including those used in
radiotherapy) has alarmed some European
authorities, especially those in countries
sharing borders with the CCEE and NIS.

Table 12.2: Percentage of the population exposed to radon equilibrium equivalent concentrationsa in various
countries of the European Region
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The proliferation of radioactive materials
such as plutonium or enriched uranium,
which can be used to produce nuclear
weapons, is a problem of global importance.

12.4.5 Radon

Radon and its decay products contribute
most to the average annual exposure of the
general population from almost all sources,
both natural and man-made, and are the
principal source of exposure to alpha radi-
ation. The highest radon concentrations are
found in underground uranium mines but
other mines, natural caves, tunnels and water
supply systems also have raised radon levels.

Domestic exposure to radon decay prod-
ucts depends on local geology and housing
construction, including insulation. Table
12.2 shows the percentage of the population
exposed to different levels of radon equilib-
rium equivalent concentrations in different
countries. In certain regions of the Czech
Republic, Finland and Sweden, the average
level of exposure might be ten times higher
than that for most of the population; in even
smaller areas, concentrations several orders
of magnitude higher are observed. Typical
annual radiation doses in European dwell-
ings are 1–3 mSv but a small percentage of
the population, particularly in Nordic coun-
tries, receives more than 20 mSv per year as
a result of exposure to radon.

Health effects other than lung cancer have
been mentioned. Data are sparse, associ-
ations weak and the results of different

studies inconsistent, however. Risk estimates
for lung cancer due to radon exposure have
been derived principally from the experience
of uranium miners, who are exposed to high
levels, often in very dusty atmospheres (Box
12.3). Such exposure is not typical of the do-
mestic environment and may thus not be a
reliable basis for extrapolation [17].

The lung cancer risk from domestic expo-
sure to radon is at present uncertain. The
most recent and extensive study, from
Sweden [8], indicates a risk similar to that
observed in miners [3]. This implies an aver-
age lifetime risk of fatal lung cancer of 1 in
80 from lifetime exposure to 200 Bq/m3

(radon gas), assuming that risk increases lin-
early with exposure. However, the lung
cancer risk in this study [8] is expressed pri-
marily in the highest exposure groups, and
predominantly in smokers; the risk in nons-
mokers was about 1 in 3500. People sleeping
close to an open window incur no lung
cancer risk from radon, whether smokers or
nonsmokers.

These risk factors are taken into account
in making decisions on policies to reduce
risks from exposure to radon in dwellings.
ICRP, however, has drawn attention to the
fact that the same action level for remedial
work is unlikely to be appropriate in all coun-
tries [5]. It will be important to avoid setting
the action level too low, and thus defining an
unmanageable number of houses, and to
concentrate first on effective remedial action
in those where radon risks are highest. Table
12.3 illustrates this principle, showing the le-
vels at which action is recommended or

Box 12.3: Uranium mining in the German Democratic Republic

In the middle of one of Europe’s most densely populated regions, the Länder of Saxony
and Thuringia in Germany have a large-scale uranium mining industry. Since the twelfth
century, mining has been a tradition in the Erzgebirge “Ore Mountain” region in south-
eastern Germany. Silver, nickel, bismuth and cobalt were mined at first. After 1945 and
under the misleading name of Wismut (bismuth), uranium was produced under Soviet
leadership. The Soviet–German mining company SDAG Wismut became the third largest
producer of uranium after the United States and Canada.

From 1946 to 1954, mining conditions were primitive. Ore was drilled underground
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Box 12.3: Uranium mining in the German Democratic Republic

without damping down the dust. There was no forced ventilation to reduce the high con-
centrations of radioactive radon gas that accompanied the uranium ore. In some shafts,
radon gas concentrations as high as 300 kBq/m3 were later assessed. It was estimated that
miners received effective doses of up to 3 Sv per year at that time. After 1954, radiation
protection in the mines was improved as a result of the introduction of forced ventilation
and drills that damped the dust down. Thereafter, miners’ radiation doses dropped to 15
mSv per year.

In the early 1950s, the peak years of the mining operation, the workforce comprised
150 000 people, including forced labour. After 1954, however, the number of miners
steadily decreased to about 30000. Exact figures on the workforce are not available be-
cause uranium was mined under paramilitary conditions, and in absolute secrecy, until
1989. Mining was discontinued at the end of 1990. In the final years, 3200 tonnes of ura-
nium were produced annually, in contrast to 8000 tonnes in the peak years. The Wismut
company now belongs to the German Federal Ministry of Economics.

Until 1990, about 5200 cases of lung cancer and about 15000 cases of silicosis were of-
ficially recognized as occupational diseases. The total number of lung cancer cases is
thought to be up to three times higher, since there is evidence that many miners moved to
other parts of Germany and their deaths from lung cancer may not have been recognized
as being connected with their earlier occupation. The size and exposure of the population
of German uranium miners are much higher than all other known uranium miner co-
horts, as is the known number of lung cancer cases. Initial investigations indicate that the
miner data are of a quality similar to or higher than that of data from other epidemiologi-
cal studies on the risk of lung cancer due to radon. Epidemiological studies, sponsored by
the German Government and using Wismut miners’ records, could lead to better esti-
mates of the cancer risk from radon exposure. There is some evidence that the Wismut
files also contain data on many women working underground. The evaluation of these
data could provide useful information on possible gender differences in cancer risk.

There is some concern that people living in this region have a higher health risk than
the general population in Germany, owing to the massive uranium mining and processing
activities. The radioactive content of thousands of dumps of waste rock and several tailing
ponds is an environmental health hazard. The ponds are contaminated not only by radio-
active material but also by heavy metals and toxic chemicals such as sulfuric acid and ar-
senic. Some homes are known to be built from materials with radioactive contamination,
and some are located on top of old mineshafts. Indoor radon concentrations in such situ-
ations are among the highest in the world. In Schneeberg, radon gas concentrations in
about half the buildings exceed 250 Bq/m3; the average value is 300 Bq/m3 and, on the
basis of short-term measurements, 1.2% of buildings have concentrations above 15 kBq/
m3 (the maximum being more than 100 kBq/m3).

The lung cancer risk to uranium miners leads to an expectation of increased mortality
from lung cancer among inhabitants of the mining region. Investigations to date, however,
have shown that neither general nor cancer mortality is higher in the region than else-
where in eastern Germany. There are some indications of an increased lung cancer rate
among both men and women in certain mining communities. More extensive studies are
under way, the results of which may indicate whether synergistic effects (from, for
example, the dusts to which miners, but not house occupants, are exposed) are important
factors in determining lung cancer risks from radon inhalation.
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required in different countries. ICRP [18] es-
timates that an action level for radon gas of
200 Bq/m3 would correspond to an annual
effective dose of 3 mSv. Given a lung cancer
risk factor of 7.3  10–5 per mSv, the approxi-
mate lifetime cancer risk at 200 Bq/m3 is 1
in 2000.

The technical procedure for remedial
work needs to be adopted from the outset;
the procedure selected should be the one
that is most likely to keep the radon level to a
value well below the action level. Interven-
tion needs to begin soon after the discovery

Table 12.3: Levels of the annual average radon gas
concentration in air in dwellings at which action is rec-
ommended or required

of elevated concentrations, particularly if
they are substantially above the action level.
For preventive work, construction codes and
building guides need to be devised to achieve
low radon concentrations in new buildings.

12.4.6 Occupational exposure

Occupational exposure to radiation is di-
vided into the following categories: medical
care, research and industry, and nuclear
power. The average annual dose for each cat-
egory varies between countries, and the dose
in any one country varies between categories
(Fig. 12.4–12.6). With the exception of some
of the CCEE and NIS, the average annual
doses to monitored workers have decreased
steadily in recent years and are now of the
same order as the total dose from natural
radiation. A large variation for the same cat-
egory between countries should stimulate ac-
tivities to improve radiation protection, al-
though the differences in methods of person-
nel monitoring, dose assessment and record
keeping in each country have to be consider-
ed. More detailed comparisons would prob-
ably reveal that each country could learn and
perhaps improve its own procedures for dose
assessment by more carefully studying how
other countries deal with personnel monitor-
ing.

Fig. 12.4: Occupational exposure to ionizing radiation: medical care
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Only a few data are available for exposure
from the mining and milling of uranium; the
current number of and radiation doses to
uranium miners in the Region are difficult to
establish. The occupational exposure of such
miners is expected to be higher than that of
workers in other categories; estimates are up
to 10 mSv per year on average. Other miners
may also be exposed to increased levels of
radon, depending on the geological charac-
teristics of the area being mined. In general,
non-coal miners receive higher doses than
coal miners, with a likely average annual
dose of the order of 5 mSv.

The ICRP recently recommended that air
crews be considered as occupationally ex-
posed persons whose exposure should be
controlled [5]. There are only a few esti-
mates of the exposure of flight personnel;
the average is 5 mSv per year from 600 hours
of flight time [19].

A direct assessment of the carcinogenic ef-
fects of long-term, low-level radiation on
human beings has been made from studies of
cancer risk among workers in the nuclear in-
dustry. Observations of 131000 radiation
workers in the United Kingdom and the
United States provide estimates of the life-

Fig. 12.5: Occupational exposure to ionizing radiation: research and industry

Fig. 12.6: Occupational exposure to ionizing radiation: nuclear power
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time risks of leukaemia and other cancers
that are close to those (obtained by extrapo-
lation from high-dose and high-dose-rate ex-
posure) on which current radiation protec-
tion is based [20].

Human beings can be exposed to ionizing
radiation from cosmic sources or the soil,
from man-made sources such as nuclear
power, and from environments with in-
creased radiation exposure from technical
processes such as mining. Exposure to cos-
mic rays and terrestrial gamma rays is a fact
of life. Natural background radiation con-
tributes most to the average human expo-
sure, and on average half of this contribution
comes from lung irradiation by radon and its
decay products. Individual doses from
radon, however, may be much higher. Other
sources or practices, such as nuclear power
production and the use of radioactive ma-
terial in industry and research, contribute
doses to the general population that are on
average several orders of magnitude lower
than total doses from natural sources. The
exception is some population groups that are
exposed to significant doses as a result of nu-
clear accidents, particularly through internal
exposure.

Current or potential problem areas in-
clude the safety of nuclear power facilities,
the proliferation of nuclear material, and the
safe disposal or storage of nuclear waste.

In all nuclear plants, safety standards need
to be implemented using the best available
technology. Nuclear power safety is one of
the most important issues in radiation pro-
tection. An international consensus is
needed to provide technical help to coun-
tries with less secure power plants.

The proliferation of radioactive material
that could be used for the construction of nu-
clear weapons is a threat of global import-
ance. The problems entailed in the decom-
missioning of nuclear power plants and the

12.5 Conclusions

destruction of atomic weapons have not yet
been solved. The residual radioactive ma-
terial needs safe disposal. Meanwhile, no
country yet operates a repository for high-
level radioactive waste.

In addition to these more global problems,
the higher exposure of special population
groups needs attention. These include:

• workers carrying out “dirty” jobs that are
associated with higher than average doses
or involve exposure to actinides such as
plutonium;

• people exposed to higher than average le-
vels of natural radiation, including those
living in areas with high levels of radon,
miners and air crews.
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Noise has been called “an insidious poison”
[1]; it is an external factor with a negative in-
fluence on the environment but without di-
rect physiological harm to exposed human
beings. This is particularly true of residential
noise, which people encounter in their
homes and similar environments such as
hospitals, schools and hotels. The main
negative effects of such noise on people are
disturbances of communication, rest and
sleep, and general annoyance. Over long
periods of time these effects have a detri-
mental influence on wellbeing and perceived
quality of life.

While the reaction to noise varies from
one person to another, negative effects in-
crease with noise level. A level has been
identified (65 dBA) above which consider-
able annoyance occurs in the large majority
of people. The Organisation for Economic
Co-operation and Development (OECD) [2]
reported that, in the early 1980s, more than

13.1 What is Residential Noise?
130 million people in its member countries
were exposed to noise above this level. The
WHO Regional Office for Europe collected
data on noise from Member States of the
European Regiona that confirm this scale of
population exposure. In this chapter, these
and other available data comprise back-
ground for a survey of residential noise in
most of the 23 Member States that re-
sponded to the WHO questionnaire.

In contrast to the nonspecific health ef-
fects of residential noise, exposure to high le-
vels of noise at work over extended periods
may result in irreversible and disabling im-
pairment of hearing (see Chapter 15). This
chapter does not address these problems, or
those related to infrasound generated by ma-
chinery and heavy traffic.

This chapter defines residential noise –
which is also called community, environ-
mental or domestic noise – as noise experi-
enced in closed rooms of dwellings as a re-
sult of the operation of one or more noise

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.
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sources not related to the dwelling (see Box
13.1). For acoustic reasons, residential noise
is measured outside, at the facade of the
dwelling. Noise levels inside the dwelling
may be estimated from outside levels if the
sound insulation of the facade is known.
Most countries have regulations on residen-
tial noise from road, rail and air traffic and
industrial enterprises, and on the acoustic
properties of buildings.

Neighbourhood noise comes from sources
in or close to residential areas. Typical
sources are premises and installations re-
lated to the catering trade (such as restaur-
ants, cafeterias and discotheques), live or
recorded music, sports events and play-
grounds, car parks, and domestic animals
(such as barking dogs). Registers of com-
plaints from the public show that neighbour-
hood noise is an important cause of nui-
sance to many people. Few countries, how-
ever, have regulations on this class of noise,
probably owing to the present lack of
methods to define and measure it, and the
difficulty of controlling it.

Many dwellings are exposed to noise from
more than one source. In the Netherlands,
44% of exposed dwellings receive noise from

two or more sources [3]. Very few countries
have regulations for such situations. Noise
from installations inside dwellings (such as
elevators, heating and ventilating systems
and refrigerators), however, is often covered
by local or national building codes.

While levels of indoor noise capable of caus-
ing hearing impairment range from 85–90
dBA to 120–130 dBA, depending on the dur-
ation of exposure, levels of residential noise
of 50–60 dBA lead to annoyance and sleep
disturbance. Levels of 60–65 dBA consider-
ably increase annoyance, and those above
about 65 dBA seriously harm the perceived
quality of life, as they lead to constraints on
behaviour patterns. These figures apply to
noise from unspecified sources. The accepta-
bility of noise from particular sources dep-
ends on their type. For the same degree of
annoyance, noise levels from rail traffic may
be 4–5 dBA higher than those from air and
road traffic [2].

13.2 Magnitude of Problems

Box 13.1: What is noise and how is it measured?

Noise is usually defined as unwanted sound. The perception of sound and noise depends
on three factors: loudness, pitch and duration. Sound level – a logarithmic measure of ex-
cess pressure in the atmosphere caused by sound waves – is taken as an expression of
loudness. Pitch is a subjective measure of the frequency of sound waves.

Residential noise is measured with a standardized sound level meter placed in front of
the facade of the exposed building. The result is expressed as: A-weighted sound pressure
level (LA) or equivalent continuous A-weighted sound pressure level (LAeq,T). LAeq,T is
used to describe the total noise exposure over a specified period, such as 24 hours. Both
levels are expressed in dbA.a A-weighting takes account of the varying sensitivity of
human hearing to high- and low-frequency components of noise.

For aircraft noise and other types of fluctuating noise, some countries apply a system
that adds 10 dBA to the values of noise occurring at night (22.00–07.00 hours). The out-
come is termed day–night level (Ldn) in dBA. As a rule of thumb, a Ldn is often about 3.4
dB higher than a LAeq, 24h. A variant of Ldn is the day–evening–night level (Lden), in which
a further penalty of 5 dBA is applied to noise occurring in the evening.
a dB is a logarithmic quantity corresponding to human perception; a difference in level of 10 dB corre-

sponds to a factor of two in loudness.
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Countries have reported on the estimated
number of their citizens currently exposed to
levels of noise from unspecified external
sources above 65 dBA (Fig. 13.1). Such le-
vels affect about 26% of the total population
of the responding countries, in contrast to
the 15% reported by OECD around 1980
[2]. Table 13.1 shows the proportion of the
population exposed to levels over 55 dBA for
each of the most important noise sources:
road, rail and air traffic and industrial activ-
ity. Road traffic is the dominant source of
residential noise.

A comparison of data from OECD [2]
and WHO on exposure to noise levels above
65 dBA reveals a surprisingly similar tenden-
cy, given the different traffic structures pre-
vailing in the responding countries. OECD
data include Australia and Japan; WHO data
are from certain countries of the European

Region.a Both organizations give about 20%
as the proportion of the population exposed
to residential noise levels over 65 dBA from
road traffic. The figures for rail and air traf-
fic differ more, with OECD giving respect-
ively 3% and 0.7% as the shares of popu-
lation affected, and WHO giving 0.2% and
1.7%. The difference in railway noise may be
related to the fact that the OECD data in-
clude Switzerland, where railway noise is an
important problem. Fig. 13.2 displays the
WHO data on road traffic noise. Consider-
ing the serious nuisance of residential noise
levels above 65 dBA, the number of people
exposed to them justifies efficient legal and
technical action to reduce or at least to limit
exposure.

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

Fig. 13.1: Percentages of populations exposed to residential noise at outdoor levels above 65 dBA (equivalent con-
tinuous A-weighted level over 24 hours)
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Fig. 13.2: Percentages of populations exposed to
residential noise from road traffic levels outdoors
above 55 dBA and 65 dBA (equivalent continuous A-
weighted level over 24 hours)

In general, noise levels encountered in pri-
vate life do not cause hearing impairment
but have indirect effects on health, such as
those related to sleep deprivation. Morbidity
data related to residential noise exposure are
scarce.

Concern is increasing about self-inflicted
or leisure noise as a source of permanent
hearing impairment. This noise includes
loud music heard through the headphones of
personal stereo equipment or in disco-
theques, often at levels above 90 dBA. While
the results of investigations to date are not al-
ways consistent [4,5] current research may
resolve the uncertainties. Other sources of
high-level, non-occupational noise include
some types of public transport. Sound levels
in the passenger compartments of some
underground trains may exceed 90 dBA.
Such noise may have unknown long-term ef-

13.3 Annoyance

Table 13.1: Percentage of the population exposed to various levels of residential noise from road, rail and air
traffic and industry (equivalent continuous A-weighted levels over 24 hours)
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fects on hearing, perhaps in combination
with the normal, age-related deterioration of
hearing acuity.

Much lower levels, however, such as those
found in residential areas, may induce wide-
spread general annoyance. This may be li-
mited to feelings of displeasure evoked by
noise [6] or result in an unwanted change in
lifestyle and habits. Tolerances vary enor-
mously; even at noise levels to which the
average response is no annoyance, 10% of
exposed people feel highly annoyed [4]. The
time structure of the intrusive noise is also
important. Most people find noise pulses
more annoying than a steady noise at the
same level.

Unlike hearing impairment, noise-induced
annoyance cannot be quantified directly
from medical and acoustic examinations.
The relationship between noise level and the
annoyance of people in a residential area can
be quantified in the laboratory or in the
field. In the laboratory, a number of test sub-
jects representative of the population of the
area are invited to an acoustic laboratory
and placed in a room furnished as a living
room. There they are exposed to recordings
of noise and interviewed on their annoyance
under defined conditions. Social surveys are
performed in the field. Trained interviewers
visit inhabitants of an area in their homes,
and ask for their responses to a set of stan-
dardized questions, some of which are re-
lated to noise from outdoor sources.

Both approaches have advantages and dis-
advantages. Laboratory conditions provide
excellent control over the acoustic stimuli,
but the environmental conditions are far
from a homelike atmosphere. This may cre-
ate a strong, unpredictable bias in the sub-
jects. While field studies provide a homelike
atmosphere for subjects, there is little con-
trol over the acoustics, particularly because
acoustic properties (including local back-
ground noise) vary appreciably between fur-
nished dwellings in an area. These and other
factors result in a comparatively large spread
in the results. It is very important to keep in
mind that, because of psychological and stat-
istical implications, all results obtained by

the two methods must be considered group
responses. They cannot be used to predict or
evaluate the responses of individuals.

Numerous investigations on annoyance
from various noise sources have been re-
ported. Most were concerned with problems
caused by heavy traffic on motorways and at
civilian and military airports.

The results of a large number of studies
(Fig. 13.3) show a general increase in per-
ceived annoyance with increasing noise level
[7]. The inherent spread makes it impossible
to establish a simple, universally applicable
relationship between noise levels and differ-
ent classes of annoyance. The spread is
usually attributed to the influence of non-
acoustic factors and the differences in sub-
jects’ interpretation of the word “annoy-
ance”, as used in interviews and question-
naires. The practice has developed of using
the percentage of highly annoyed people as
an indicator of the magnitude of nuisance,
because they are probably less affected by
non-acoustic stimuli.

Of the non-acoustic components of annoy-
ance, the people exposed to noise most fre-
quently report a perception of lack of con-
trol of or benefit from the operation of the
source [8]. For aircraft noise, the fear in-
duced by frequent, low-altitude flyovers adds
to the perceived annoyance. Informal investi-
gations seem to indicate national and local
differences in tolerance for noise from cer-
tain sources, particularly motor vehicle
horns and military aircraft.

The key indicators of the magnitude of
total noise nuisance are disturbances of
sleep, rest and communication [9,10].

13.3.1 Disturbance of sleep

Disturbances of the normal sleep pattern –
either difficulties in falling asleep or sudden
awakening – are undoubtedly the most im-
portant negative effects of residential noise.
Sleep is affected by lower sound levels than
any other human activity. In general, levels
below 45 dBA (measured outdoors) seem to
be without ill effects, but personal sensitivity
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varies considerably. Children, for example,
are in general less sensitive than adults by
about 10 dBA. In addition, bursts of noise
(from traffic, for example) are more intru-
sive than a continuous noise of the same
level. Levels above 50–60 dBA greatly in-
crease the time taken to fall asleep.

For many years, research has investigated
the underlying mechanisms of and the
thresholds for noise-induced sleep disturb-
ance. Neurophysiological methods – includ-
ing the monitoring of electroencephalo-
grams of subjects sleeping in quiet and noise
– have produced some important results
[4,9]. Reliable studies, however, are ex-
tremely difficult to design, manage and inter-
pret. Whether in the laboratory or in their
own homes, the people used as test subjects
have highly individual living habits and sleep
patterns, which are very vulnerable to un-
usual influences such as the presence of re-

cording instruments. Further, disturbances
of sleep can be related to factors other than
noise; 20% of the people living in Greater
London are subject to such disturbances [4].

The effects of sleep disturbances are well
known to most people, regardless of the rea-
son for the disturbance. They include mood
change and reduced performance at intellec-
tual and mechanical tasks. The main differ-
ence between people exposed to noise and
others is that the latter experience such ef-
fects only occasionally. A population ex-
posed to noise may encounter sleep disturb-
ances night after night, perhaps over many
years. Although such people may become
more or less accustomed to nocturnal noise,
complete physiological habituation to sleep-
disturbing noise does not seem to occur,
even after several years of exposure [11].
While no conclusions can be reached about
effects on health over several years of obser-

Fig. 13.3: Relationship between noise level and annoyance as shown by a summary of 161 data points from 11 sur-
veys, 1961–1974
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vation, despite large-scale research [12],
there are indications that long-term noctur-
nal exposure to noise may be a health risk
[9].

13.3.2 Communication
disturbances

The term communication disturbance must
be interpreted in the broadest sense. In addi-
tion to speech – in direct conversation, over
the telephone, and from radio and television
– music and natural sound should be con-
sidered communication signals that should
be unaffected by noise from external
sources.

In contrast to sleep disturbances, com-
munication problems are primarily associ-
ated with daytime activities both in rooms of

the dwelling and outdoors. Many complaints
of communication disturbances are related
to the limitation or prevention of the pleasur-
able use of gardens, parks, terraces or bal-
conies, because noise masks conversation
and natural sounds. Typical complaints are
also concerned with the need to keep
windows closed to suppress external noise
during activities such as conversation, tele-
phoning and watching television. Such prob-
lems impose particular strains in the
summer months, when the number of com-
plaints about noise increases steeply.

The acoustics of rooms of normal dwell-
ings vary because of differences in size and
furnishing. As a result, there is no simple
rule for predicting the relationship between
noise levels outdoors and communication
disturbances indoors. In outdoor conditions,
the relation between noise level and distance

Fig. 13.4: Maximum distances for satisfactory conversation in the presence of noise



360 Residential Noise

between the speaker and listener for the sat-
isfactory intelligibility of sentences is simpler
and easier to trace (Fig.13.4) [6].

13.3.3 Stress and fatigue

Research shows that moderate and high le-
vels of noise can elicit stress and physiologi-
cal changes usually associated with stress
and fatigue [11]. The long-term effects of
these changes are not well known, mainly
owing to the difficulties in conducting full-
scale, long-term field studies.

The general effects of noise on health have
been intensively studied for as long as re-
liable medical and acoustic instrumentation
and methods have been available. Labora-
tory and field studies of these effects are
complex and difficult, involving psychologi-
cal, physiological, medical and acoustic fac-
tors.

The effects of noise on, for example, psy-
chomotor performance, the positioning of
the hand in space, cardiorespiratory par-
ameters (blood pressure and heart and re-
spiratory rates) and the dilation of the pupils
of the eyes have been experimentally demon-
strated [6,13,14]. Laboratory experiments
using recorded aircraft noise (at 90 dBA),
road traffic noise (at 80 dBA) and factory
noise (at 95 dBA) indicate some physiologi-
cal effects of noise [14]. The importance of
such effects for people exposed to noise for a
long time is not clear [4,13]. Settling this
question requires long-term, large-scale field
studies.

Research is in progress in several coun-
tries. The results to date from studies in Ger-
many and the United Kingdom suggest that
exposure to high levels of traffic noise
(above 66–70 dBA) may be associated with
a small increase in relative risk of ischaemic
heart disease [15]. Owing to the large

13.4 Effects on Health

number of exposed people in the population,
however, even a small increase in relative
risk may affect public health.

Much research has addressed questions re-
lated to the direct influence of noise on men-
tal health, as indicated by such factors as the
taking of tranquillizers and admission to
mental hospitals. Despite such research, it is
difficult to draw overall conclusions of prac-
tical value. It is believed that noise may be a
factor in aggravating rather than causing
mental illness [4].

Further work is needed to establish limits
above which long-term exposure to residen-
tial noise is causally related to non-specific
health effects. It is generally recognized,
however, that exposure to such noise over
long periods reduces the quality of life. Resi-
dential noise is thus an environmental health
problem [11]. On the basis of numerous so-
cial surveys in the United States, the
National Academy of Sciences issued human
noise exposure criteria [16]. These suggest
that residential day–night noise levels below
55 dBA (corresponding to about 52 dBA
over 24 hours) do not in general have perma-
nent adverse effects on public health and
welfare.

13.5.1 Depreciation

A measure of the nuisance of residential
noise is the depreciation of housing in areas
where noise is so annoying that many people
do not consider them desirable places to live.
Studies in Canada, the United Kingdom and
the United States of relations between air-
craft noise and housing values pointed to de-
preciation factors of 0.75% per dBA for low-
and medium-priced houses, and 1.0% per
dBA for high-priced houses. These factors
apply to noise levels of about 60–80 dBA
[17].

Such negative effects obviously motivate

13.5 Economic and Other
Consequences
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citizens to exert pressure on authorities to
take steps to reduce the noise or to provide
adequate compensation by, for example, tak-
ing over the property at a reasonable price as
a last resort.

13.5.2 Complaints

In a modern society, people subjected to
noise annoyance and the owners or oper-
ators of noise sources usually do not com-
municate directly. A more useful strategy
may be to apply to the authorities respon-
sible for the environment in question.

Many countries have established national,
regional or local systems to register and pro-
cess the complaints of citizens annoyed by
noise. Such systems may efficiently identify
noise sources and solve specific and general
problems; they must be easily accessible and
visible to the general public. Maintaining
confidence in a system requires that each
case be handled expertly and with a mini-
mum of delay and bureaucracy.

Fourteen European countries have re-
ported to WHOa that they maintain systems
to collect, process and report public com-
plaints on nuisance created by residential
noise; eight countries reported on the con-
tents of their annual reports. In about half,
complaints of neighbourhood noise are the
most frequently recorded. Table 13.2 shows
the number of yearly complaints registered

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

in eight countries of the European Region,
and Table 13.3 indicates the distribution of
complaints by source of noise. It is import-
ant to recognize that the number of com-
plaints only faintly reflects the size of the
problem. Only 15–25% of people highly an-
noyed by noise are estimated to complain
[10]; in general, better educated people show
the highest tendency to complain. In addi-
tion, the number of inhabitants in a commu-
nity exposed to noise affects the number of
complaints, and probably the importance at-
tached to them by the authorities.

These factors make it difficult to compare
the reported number of complaints with the
reported data for noise exposure and noise
regulations. In addition, the organization
and activities of complaint systems, the char-
acter of predominant noise sources, and dif-
ferences in climate and lifestyle are likely to
influence differences between countries in

Table 13.2: Reported annual number of complaints of
nuisance from residential noise per 100000 inhabit-
ants

Table 13.3: Percentage of complaints about various sources of residential noise
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the number of complaints. Further compli-
cations arise from the fact that, in some
countries, different authorities (such as the
highway and airport authorities and the po-
lice) register complaints about noise so that
no complete national reports exist.

Many countries have noise regulations that
apply at either a local, regional or national
level. They usually aim at reducing exposure
to noise in such places as homes, schools
and hospitals. An efficient and reliable sys-
tem for noise reduction through statutory
regulations must rely on a few important
conditions. First, limits must be clearly spec-
ified in practical terms so that they can be
complied with through the application of
existing technology. Second, qualified per-
sonnel and instruments and methods to
monitor and control noise conditions must
be available throughout the country. Third,
enforcement must be quick and efficient and
the results should be published to increase
professional and public interest in and
understanding of noise problems.

The most efficient way of reducing a noise
problem is to control the source. Most indus-
trialized nations recognize this and have
made regulations on noise emission from air-
craft and road vehicles. The results are most
spectacular for aircraft noise; the use of
some types of aircraft has been reduced or
stopped, and supersonic aircraft have not
found widespread use in commercial traffic.
For road traffic noise, the increase in traffic
density has largely masked improvements re-
sulting from the reduction of noise from in-
dividual motor vehicles.

Nevertheless, regulations for the emission
of noise from specific sources are not suffi-
cient to control noise received in residential
areas. Additional measures – such as traffic
restrictions, noise-screening walls and bar-
riers along roads and railway lines, and im-
provements in the sound insulation of

13.6 Regulations

facades and windows – are frequently
required.

Limits for residential noise are usually
specified as levels in front of facades, either
as an average over 24 hours, as a day–night
average (Ldn) or for day and night separately.
Standardized methods and instruments to
monitor compliance with existing regu-
lations are commercially available [18–22].
A number of countries reported to WHO
their limits on noise levels at the facades of
dwellings. Usually, separate sets of limits
apply to noise from road, rail and air traffic
and from industry; few limits on neighbour-
hood noise have been reported.

In general, regulations to control residen-
tial noise from external sources include the
following:

• limits for noise from specific external
sources that are enforced by environ-
mental and traffic authorities;

• minimum requirements for the acoustic
properties of dwellings, such as specifi-
cations for the sound insulation of fa-
cades, roofs and windows (often as part of
a national building code that also applies
to schools and hospitals); and

• limits for noise in dwellings from unspeci-
fied external sources (usually as part of
the national building code).

The noise limits for specified external
sources, as reported to WHO and summar-
ized in Table 13.4, show a remarkable simi-
larity in the structure of regulations in differ-
ent countries. Bearing in mind the number
of registered complaints of annoyance from
neighbourhood noise (25–50% of the total)
it is striking that very few countries reported
the existence of statutory regulations for
such noise.

Despite the existence of limits on residen-
tial noise, some people are exposed to levels
that exceed them. For example, 45% of Ger-
man citizens are exposed to such levels from
road traffic, and 18% from rail traffic [12].
In the Netherlands, 16% of dwellings are ex-
posed to levels of noise from road traffic that
exceed national levels; the figures for rail and
air traffic and industry are 1%, 11% and 4%,
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respectively [3]. The corresponding figures
for dwellings in Denmark are 28% from road
traffic, 2% from rail traffic and 2% from air
traffic [23].

The similarity in noise limits for living
rooms and bedrooms in different countries
(30–40 dBA) reflects the general observa-
tions on levels of noise that affect sleep and
rest. Limits for kitchens are slightly higher
(30–45 dBA).

Obviously, countries differ widely in their
general requirements for the sound insu-
lation of dwellings. The large variations in
requirements for external elements of the
dwelling – facades (18–50 dB), roofs (25–50
dB) and windows (20–45 dB) – are probably
related to local climatic conditions and con-
struction traditions. Thus, if windows are
usually left open for much of the year to in-
crease ventilation, very strict acoustic
requirements for insulation of windows and
facades are superfluous. The requirements
for the sound insulation of floors (39–52
dB) and partitions (48–55 dB) are more
strict and vary less from country to country.
These building elements form important
“borders” between adjacent rooms and
dwellings. If the insulation is insufficient, the
inhabitants lose control over important as-
pects of the quality of their lives.

Reports to WHOa on the extent of com-
pliance with regulations for the sound insu-
lation of dwellings give a range of 30–90%,
with an average of 70%. In many countries,
the acoustic properties of dwellings are not
subject to control.

13.7.1 Land-use planning

In the long term, the most efficient way of
reducing noise problems is to apply the con-
cept of land-use planning to prevent new

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

13.7 Conclusions

problems. A national or local system of
noise zones can be established; the author-
ities will specify and control the uses to
which land in each zone may be put so that
compliance with noise regulations can be en-
sured. Noise zoning will frequently be based
on predictive models. Useful information on
procedures for such assessments of likely
acoustic situations in use by European coun-
tries has been published by WHO [24]. In-
ternational standards for the measurement
and description of noise for land-use plan-
ning have been established [18–20].

An efficient zoning system may be a use-
ful instrument for determining the allocation
of grants to solve large environmental noise
problems. For example, the Danish Govern-
ment has set aside 1% of its annual national
construction budget until 2010 to reduce
residential noise by means that include the
building of screens along noisy roads and
railway lines and the sound insulation of ex-
posed facades and windows [23].

13.7.2 Health studies on exposed
populations

Eleven countries of the European Region
submitted information to WHO on a total of
about 60 studies of noise-related health prob-
lems that had recently been published or
were in progress; 28% of the studies are re-
lated to residential noise problems, 25% to
road traffic as a noise source, and 7% to air
traffic. The rest address a variety of other
noise sources and health problems (includ-
ing those linked to occupation). Establishing
a European system for the exchange of in-
formation on planned and completed re-
search and the documentation of noise-re-
lated health problems would be useful.

13.7.3 Concern for the future

Twelve European countries stated to WHOa

their environmental health concerns related
to noise problems for the next five to ten
years. Residential noise and traffic noise
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problems dominate. Other concerns focus
on the health effects related to loud music
from personal stereo systems and disco-
theques, and exposure to noise in transport
(e.g. in underground railways) and noise
from open-air factories (e.g. stone crushing).

An example of the prediction of trends in
noise problems comes from the analysis of
noise nuisance for the years 1985–2010 con-
ducted by the National Institute of Public
Health and Environmental Protection in the
Netherlands [3]. The Institute predicts a de-
cline in nuisance by road traffic; 30% of the
population will be affected by the year 2010
in contrast to 60% in 1990. These estimates
reflect a balance between an increase in traf-
fic volume and a reduction of noise emission
by single vehicles. The total noise nuisance
from rail traffic is predicted to show a slight
increase and stabilize at 4% of the Dutch
population by the year 2010.

The prediction of noise nuisance from
civil aviation based on an assumed traffic in-
crease of 50–60% suggests that more than
40% of the population will be affected by
2010. It is assumed, however, that strict regu-
lations imposed on noise emission from air-
craft from 1995 and the limitation of night
flying from 1993 may reduce nuisance from
civil aviation to a negligible figure by 2010.
Noise from low-flying military aircraft may,
however, still cause nuisance to a substantial
part of the population by the year 2010.

The total nuisance of noise from industry
is predicted to affect 15% of the Dutch popu-
lation. Neighbourhood noise affects 14% of
the population at present; because of the di-
versity of sources in this group, prediction is
extremely difficult.

The Swedish Board of Transport predicts
an average decrease of 5 dBA for traffic
noise in about 20 years. This will be far from
sufficient, however, to eliminate problems re-
lated to traffic noise. For the general popu-
lation, it is not sufficient to obtain a moder-
ate reduction in noise from specific sources.
The increasing public interest in physical
and mental wellbeing and nature will stress
the importance of establishing and maintain-
ing silent areas in rural and urban environ-

ments and parks. This will require careful
planning and control by national and local
authorities.
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In its very first report in 1961 [1] the WHO
Expert Committee on the Public Health As-
pects of Housing recognized that housing
implies more than the physical structure pro-
viding shelter. The immediate surroundings
of the shelter are also important. It con-
sidered a more appropriate term therefore to
be the “residential (or housing) environ-
ment”:

The scope of the public health aspects of housing in-
volves town and country planning, the design and ar-
rangement of the dwelling unit, the materials and
method of construction, the use of space by the occu-
pants, the maintenance of the structures and dwelling
areas, the availability of community facilities and ser-
vices including those for circulation and transport.

14.1 Introduction
In June 1991, the Third International Con-
ference on Health Promotion in Sweden [2]
advocated “the building-up of physical and
social environments supportive to health”.
Thus consideration of housing and health
should include both physical and social en-
vironments and their interactions.

14.1.1 Interaction of housing,
other conditions and health
status

More than 20 years ago a WHO Expert
Committee on Housing and Health [3]
stated that:

It has been shown that people who live in bad hous-
ing and poor environmental conditions experience
higher mortality rates and are generally less healthy
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than those who live in districts where the housing is
good.

It is difficult to put forward convincing epidemi-
ological evidence that the house itself is directly re-
sponsible for ill health. Many factors associated with
living conditions and housing are strongly interre-
lated. Thus social class, occupational status, unem-
ployment, poverty, mental capacity, general ability
and the social status and health education of parents
are not strictly covered by the term “environment”,
yet each may contribute to the circumstances that
cause a family to find itself in a particular environ-
ment.

It is difficult to establish the precise nature
and extent of the relationship between the
housing environment and health for two
main reasons. First, there is no unified
measurement of the hygienic quality of the
housing environment; second, poor housing
conditions are often accompanied by other
social and economic factors that may in-
fluence health status, such as poverty, ignor-
ance, poor nutrition, detrimental lifestyles,
harmful atmospheric and occupational en-
vironments, and lack of medical care. The re-
sult of the complex interaction of these fac-
tors is an impact on health that may be
further influenced by the inherent character-
istics of the people affected, such as age, sex
and genetic make-up.

14.1.2 Housing factors affecting
health

As long ago as 1978 a Regional Office report
on the environmental health aspects of
human settlements [4] identified the follow-
ing issues:

• Space and population density
• Indoor microclimate and air quality
• Illumination and natural sunlight
• Building structure and fittings and envi-

ronmental safety
• Immediate natural environment and

nearby recreational and leisure facilities
• Communication and transport in residen-

tial areas
• Energy conservation in buildings and its

impact
• Legal incentives to improve housing

• Slum problems of city centres
• Shantytowns and mobile homes
• Risk groups: mothers and children, the

elderly, the handicapped and migrants
• Mental health and psychosocial problems

associated with housing
• Air pollution and community noise.

The World Health Organization subse-
quently identified features of the housing en-
vironment of importance in determining di-
rect or indirect effects on the occupants’
physical and/or mental health [5]. These in-
clude factors in addition to those listed
above that are relevant to the present situ-
ation in the European Region:

• the extent to which the provision of water
is adequate, from both a qualitative and a
quantitative point of view, including ac-
cess to an indoor toilet and washing/bath-
ing facilities;

• the effectiveness of provision for sewage
and solid waste disposal;

• food safety, including the extent to which
there is adequate provision for storing
food to protect it against spoilage and con-
tamination; and

• the home as a workplace – where occupa-
tional health questions such as the use and
storage of toxic or hazardous chemicals,
and the health and safety aspects of equip-
ment used, need consideration.

The nature of the risk of disease arising from
specific housing defects [6] may be summar-
ized as set out in Table 14.1.

In summary, the housing environment
may affect health adversely by facilitating the
transmission of communicable diseases, pre-
disposing to injury through faulty planning,
design, construction or use, and causing
physiological or psychological stress.

14.1.3 Current housing and health
issues in the European
Region

Many of the issues listed above remain today
as important housing-related public health
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problems. For example, too many areas in
the Region, particularly in the CCEE and
NIS, still have homes that lack a supply of
safe drinking-water (see Chapter 6) and
basic sanitation (see Chapter 7).

New priorities have emerged: homeless-
ness is an increasing problem, not only be-
cause of the economic recession and rising
unemployment but also as a result of armed
hostilities; and tuberculosis is reappearing as
a public health problem, partly in relation to
population migration but also to the AIDS
pandemic and drug addiction, in addition to
the accompanying and underlying problem
of poor socioeconomic conditions.

More recognition is currently being given
to psychosocial stress, particularly for vul-
nerable groups, as a consequence of over-
crowding, high-rise buildings, urban noise
and congestion, and lack of amenities (in-
cluding public transport). And, although the
impact of energy conservation in buildings
was mentioned as early as 1978, the need to
achieve a better balance between energy con-
servation and the adverse effects on indoor
climate and air quality of low rates of air ex-
change has only recently been widely recog-
nized. The health consequences may be par-
ticularly marked in the context of exposures
to radon and, in the case of children, to envi-
ronmental tobacco smoke or allergens.

14.1.4 European health for all
targets related to housing

The original title of the WHO European Re-
gion’s health for all target 24 was “Healthy
homes”. This was subsequently broadened to
“Human ecology and settlements”, in part to
reflect the interrelationship of housing with
other aspects of the physical and social en-
vironment.

In 1991, the reformulation of the targets
and revision of the associated indicators
were approved by the forty-first session of
the WHO Regional Committee for Europe.
Further revisions of the indicators take into
account the practical constraints on obtain-
ing data and on the quality of data. The se-
lection of a small number of relevant indi-
cators for which reliable information can be
obtained is considerably more useful than a
scheme that aims to be comprehensive.

Target 24, which states that by the year
2000 cities, towns and rural communities
throughout the Region should offer physical
and social environments supportive to the
health of their inhabitants, will be reviewed
in 1995/1996. The review will include a
quantitative assessment of housing quality,
in particular of those living in houses with a
water supply, toilet, bathroom, separate
kitchen and central heating, a description of

Table 14.1: Risks to health arising from specific housing defects
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programmes for the construction of healthy
houses and the improvement of housing
standards, and an assessment of measures to
meet the needs of special groups such as
young families, the old and the disabled.

The key statistical indicators will be
(a) the proportion of the population who are
homeless and the proportion living in sub-
standard accommodation, according to the
relevant national standards; and (b) the aver-
age number of people per room in occupied
housing units and distribution by density,
number and percentage.

Other targets relate directly or indirectly
to the housing environment. For example,
target 20 states that all people should have
access to adequate supplies of safe drinking-
water and that the pollution of groundwater
sources, rivers, lakes and seas should no
longer pose a threat to health. The statistical
indicators needed to monitor progress to-
wards this target include the percentage of
the population (or of dwellings) connected
at home to a water supply system throughout
the year, and the percentage having access to
a sewage system, septic tank or other hy-
gienic means of sewage disposal.

14.1.5 Urbanization

According to the report Europe’s environment
[7] more than 70% of the population of Eu-
rope live in cities. Growth is notable in the
southern and eastern European countries,
where pressure on housing reserves and the
urban environment in general is most acute.
In some situations, unplanned urban devel-
opments lacking basic public health services
have resulted. Nevertheless, the proportion
of people living in urban areas in those coun-
tries remains in most cases below that in
northern countries. Very few Member States
still have a predominantly rural population,
but these include Albania and Portugal (Fig.
14.1).

Nearly all the Member States whose urban
population was below 60% in 1982 showed
an increase by 1991, whereas very little
further change occurred in those countries

that had reached 80% or more by 1982 (see
Fig. 14.1).

In the compact urban situation, the quality
of the housing in part reflects the quality of
the urban environment in general. For
example, in some circumstances the quality
of air inside buildings may reflect the atmos-
pheric conditions around the buildings.
Similarly, noise disturbance may result from
the juxtaposition of housing areas and trans-
port routes or industrial sites (see Chapter
13). On the other hand, industrial areas may
lose the functions for which they were de-
signed, and the associated housing gradually
reaches the bottom of the housing market
and may become derelict. Inhabitants of
urban dwellings may suffer stress if their
children cannot be allowed out to play un-
supervised because of a lack of safe play
areas away from traffic. On the other hand,
poor access to public transport suitable for
mothers with small children, the elderly and
the disabled may also be an undesirable fea-
ture of some urban developments. Spatial re-
lationships between land use for housing,
recreation, industry/commerce and trans-
port may, in some situations, be stronger de-
terminants of certain health outcomes, such
as psychiatric morbidity or injury rates, than
the internal features of the dwelling.

The Europe’s environment report [7] indi-
cates that our knowledge of the European
urban environment is incomplete. Very li-
mited comparable data exist to allow the im-
pact of urban activities on Europe’s environ-
ment to be charted. In some cities, system-
atic environmental monitoring has only re-
cently commenced. The report identifies fac-
tors related to housing that directly affect the
state of the urban environment and human
health, such as design, layout and types of
building material.

14.1.6 Current problems in Euro-
pean urban development

An interesting source of information on the
social aspects of the European urban en-
vironment are the reports published by the
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European Foundation for the Improvement
of Living and Working Conditions [10],
which draw attention to the growth of home-
lessness as well as the special problems of
risk groups such as young and elderly
people, single parent families, migrants and
ethnic minorities. However, it covers only
the member states of the European Union
(EU).

There is a lack of comparable data on the

urban and housing situation for many coun-
tries in the WHO European Region, and this
is particularly marked for countries east of
the Ural Mountains or south of the Cauca-
sus. Nevertheless, there is evidence that slum
conditions persist, for example in cities with
very old housing that escaped destruction by
bombing during the Second World War, in
rural areas where primitive types of housing
have survived, and in unplanned and often il-

Fig. 14.1: Urban population as a percentage of total population for 27 countries of the WHO European Region,
1982 and 1991
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legal urban developments of rapidly growing
cities, especially in newly industrialized
countries. Finally, there are new slums result-
ing from poorly planned, low-cost housing
schemes.

Two opposite urban development patterns
coexist in the Region. In the more affluent
countries, high-income groups tend to move
into suburban areas, leaving the inner city
with low-income inhabitants. This pattern of
urban development concentrates slum condi-
tions and social problems in the inner city.

In other countries and cities the reverse
pattern is evident. City amenities are concen-
trated in the downtown area and developing
suburbs may lack adequate transport, rec-
reation and shopping facilities, job oppor-
tunities and even adequate access to schools
and medical care. This pattern leads to a
situation where high-income groups rebuild
or rehabilitate the housing stock in the inner
city areas. The resulting price increases
make these areas inaccessible to low-income
groups, who are progressively pushed out to
suburbs. Thus slum conditions and social
problems become concentrated in this low-
cost suburban “social” housing.

To deal with the shortage of urban dwell-
ings, numerous governments in both western
and eastern Europe adopted a policy of
building large housing schemes with the ob-
jective of producing the maximum number
of dwelling units at the minimum cost. They
failed, however, to consider sufficiently the
sustainability of life in these new buildings,
their appropriateness to the culture of their
inhabitants, the quality of the surroundings
and the need for urban amenities. These con-
centrations of fast deteriorating, high-rise
apartment blocks have now become a major
cost to local government and a stressful, de-
pressing physical and social environment for
the inhabitants.

A second major inadequacy in post-war
urban planning, especially in southern Eu-
rope, is the lack of development of efficient
and accessible public transport. Pre-war pub-
lic transport systems are still operating with-
out improvement or rehabilitation, and too
much dependence is placed on private cars.

This has created endemic traffic congestion,
excessive expense in building urban high-
ways and car parks, increasing noise and air
pollution and traffic accidents, while at the
same time making the cities inaccessible to
groups such as mothers and young children,
the disabled and the elderly.

The deteriorating quality of urban life is
associated with psychosocial disorders, un-
healthy lifestyles and criminality. Many gov-
ernments have recognized that they face
urban crises and have created specific minis-
terial departments to cope with them.

WHO has promoted the Healthy Cities
movement with a view to motivating the ef-
forts of enlightened local governments to
concentrate their resources on finding a
positive solution to the most acute urban
problems and improving the quality of life of
local populations so that everybody may
enjoy “a socially and economically produc-
tive life” in an “urban environment making
easy the choice of a healthy lifestyle”.
Healthy cities in Europe have devoted a lot
of effort to the physical and social rehabili-
tation of underprivileged city centres or
poorly planned suburbs, and have often
achieved visible improvements.

14.1.7 Housing policies

Historically, different countries have shown
variations in the distribution of responsibil-
ities for housing development between the
public and private sectors and between dif-
ferent levels of administration. The major ob-
servable change in pattern in recent years
has been the decentralization of planning re-
sponsibility and the withdrawal of subsidies
for housing in the eastern European coun-
tries. The World Bank, as a major donor in
the field of settlement development, is en-
couraging borrowing member governments
to adopt policies that enable housing mar-
kets to work, and to move away from produc-
ing, financing and maintaining housing [11].
At the same time the Bank seeks greater gov-
ernment commitment to the improved col-
lection and analysis of housing data, in order
to assess housing sector performance and
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improve the process of policy formulation
and implementation. Meanwhile, the base-
line data from various sources indicate that
the populations of the CCEE and NIS are,
on average, less favourably housed than their
western European counterparts.

It is generally accepted that the priority
role of the public sector is to make plots
available to those who wish to build dwell-
ings. Local government in particular has a
responsibility to select land appropriate for
new development and to plan such develop-
ment with its necessary infrastructures, pub-
lic services and urban amenities. The public
sector should then recover its investment by
selling building plots to whatever public or
private agency or individual wishes to build.

Poor quality dwellings will become slums
in a few years. Urban development and build-
ing should therefore be designed for at least
50 years of life without major refurbishment.

Existing building regulations should be up-
dated regularly, including technical regu-
lations regarding electrical, heating, cooking,
lighting and plumbing systems, to cope with
technological developments and to avoid cre-
ating risks of domestic accidents. This would
also ensure safety clearance of new building
materials prior to licensing.

14.2.1 Sources of information:
housing

The majority of countries in the European
Region (a notable exception being the Ne-
therlands) periodically conduct a national
census of their population and usually of its
social and economic circumstances. These
censuses usually include data on housing ar-
rangements, such as the number of people
per household or housing unit, tenure, and
the facilities available in occupied housing
units.

14.2 Studying Housing and
Health

Household surveys may be carried out ad
hoc or systematically. The annual general
household survey in the United Kingdom,
based on interviews with 12 000 households
and covering 30 000 inhabitants, is an
example. Socioeconomic in coverage, it pro-
vides between-census estimates of demo-
graphic, social and economic circumstances,
including housing characteristics.

Periodic compendia draw largely on
national census data augmented by special
surveys. The best established of these is the
United Nations statistical yearbook. This an-
nual source presents data by country on
population, number of households, size of
dwellings, tenure, occupancy and facilities.
The data, being largely based on censuses,
may be up to ten years old when published.

The Eurostat statistical yearbook has a
wider socioeconomic framework. In its
chapter on living standards there are statisti-
cal descriptions of the stock of housing in
EU countries, and of the household equip-
ment available in these houses. This source
includes data from national censuses and
from housing surveys such as the English
House Condition Survey, an approximately
3–5-year survey of the fabric of a sample of
English dwellings. The Annual bulletin of
housing and building statistics for Europe and
North America, published by the United
Nations Economic Commission for Europe
(ECE) [12] is concerned largely with newly
completed buildings. It is useful, therefore,
for assessing how rapidly adverse housing
conditions are being improved.

The United Nations compendium of human
settlement statistics is an occasional publi-
cation last published in 1985. Compiled by
the United Nations Statistical Division in
New York, it obtains data from national stat-
istical offices. The next edition, now being
compiled, will also contain data on a wide
range of social indicators for the four largest
cities in each country. The housing section
covers types of living accommodation,
number of rooms and household tenure, dur-
ation of residence and facilities in occupied
housing units.

In spite of much effort to coordinate and
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harmonize international statistics on hous-
ing, the comparability and reliability of data
are still low owing to differences in defini-
tions, validity and methods of measurement,
and reference year. This is especially true of
data supplied by national focal points in ad
hoc surveys. Because of this, the compari-
sons drawn in this chapter must be viewed
with caution; they are only broadly indicative
of the relative situation in individual coun-
tries. The position is likely to improve con-
siderably with the forthcoming introduction
of a standardized programme of current
housing and building statistics for countries
in the ECE region agreed in 1993.

14.2.2 Sources of information:
housing-related health status

The problems of relating housing conditions
to health in such a way that complicating fac-
tors such as socioeconomic status are ad-
equately taken into account, are consider-
able and virtually insurmountable. The main
health statistical sources are mortality data,
based on the International Form of the Cer-
tification of Cause of Death, and morbidity
data that describe the incidence or preva-
lence of a disease or condition.

However, not all the incidence and preva-
lence of diseases presumed to relate to hous-
ing conditions can be measured accurately.
For non-fatal conditions, encounters with
health care services are needed before the
conditions can be identified and recorded.
This, in turn, depends on the availability and
accessibility of the relevant services.

For fatal conditions, accurate determi-
nation depends on the thoroughness of the
diagnostic process (including autopsy), on
the diagnostic choice of the doctor certifying
the cause of death (for example, asthma or
chronic obstructive airways disease) and
local interpretation of the international dis-
ease coding conventions.

The main source of information on vital
statistics in Member States of the WHO
European Region and the world in general is
the World health statistics quarterly, published

by the World Health Organization. This
source lists mortality rates from the most im-
portant clinical conditions and from acci-
dents, poisoning and violence.

Certain conditions may be important indi-
cators of the quality of the indoor environ-
ment, for example the incidence of asthma in
relation to allergenic characteristics of the
environment such as the presence of house
mites or various moulds. More emphatic,
however, are statistics on the incidence of
and mortality from communicable diseases
such as pulmonary tuberculosis or enteric
diseases. These are likely to be more fully as-
certained and may be associated with an
index of overcrowding such as, for example,
the smallness of room area per inhabitant.
Postneonatal infant mortality rates are gen-
erally accepted as an index of social condi-
tions; in most European countries 80–90%
of infant mortality due to infections and
parasitic diseases occurs after the first
month of life.

The health effects of trauma at home are
more easily measured. The more serious
trauma incidents are likely to prove fatal or
to require hospital treatment. Several of the
EU member countries provide data from sys-
tematic samples of records of hospital at-
tendances for injuries received in the home.
Preliminary work is under way to harmonize
the definitions and interpretations adopted
in the various member countries. Meanwhile
certain countries, such as the United King-
dom, have produced annual reports from the
local system for over a decade. While a
broad idea may be obtained of the injury pat-
terns sustained in various domestic circum-
stances, precise estimates of the burden of
trauma are less reliable because the hospitals
sampled may receive only a selection of
cases and hence of types of injury. For
example, severe burns cases may be taken to
a regional burns centre, by-passing the hospi-
tal concerned.

Despite the deficiencies of these sources,
data from some of them have been used in
this chapter alongside housing descriptions,
in order to illustrate the possible effects of
inadequate housing in some Member States.
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14.2.3 Housing stock

In virtually all the European Member States
for which information is available, the major-
ity of dwellings have been constructed since
the Second World War, particularly in urban
areas. This reflects the renewal of antiquated
stock and addition to it to cope with mi-
gration from rural areas. It implies that
much of Europe’s existing stock was planned
and built to modern standards of hygiene.
Rural housing stock is generally older (Table
14.2).

By far the greatest proportion of dwellings
in the Region are constructed from durable,
impenetrable materials such as stone, brick
or concrete. The exceptions are in Scandina-
via, where in some countries wood is the
principal building material.

Where space is scarce or ready access to a

large workforce is needed, dwellings have
been built as apartment blocks. The propor-
tions of apartment dwellings range widely
among Member States (Table 14.3). Space
and the unsuitability of much of the terrain
dictate that high proportions of dwellings
are apartments in some countries such as Is-
rael and Switzerland. Definitions of what
comprise apartment blocks vary. For
example, in Iceland a large detached house
may include five separate dwellings (flats)
without being designated an apartment
block.

Among the more difficult and challenging
dwelling situations are those high-rise dwell-
ings that lack elevator access to the higher le-
vels. Most countries now require the instal-
lation of elevators in new residential build-
ings with more than four or five levels. The
proportion of dwellings on the upper levels

Table 14.2: Percentage of housing built since the Second World War in 27 European countries
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in high-rise apartment blocks is small in
most countries that offered this information
(around 3%) and the great majority of these
have access to elevators, in keeping with the
modernity of most of the urban housing
stock.

High-rise living can be particularly stress-
ful for mothers with young children. The
children themselves, because of reduced op-
portunities to mix with others, tend to de-
velop capabilities for independent living
more slowly. The WHO Commission on
Health and the Environment’s Panel on Ur-
banization reinforced the well known advice
that small children should not live on the
upper levels of multi-storey residential build-
ings [13]. The numbers who actually do so
in Europe at present is not known, but they
must make up a small proportion of the
total.

However, there is a cultural dimension
specific to each European country regarding
the preferred pattern of dwelling construc-
tion. Some European cultures favour de-
tached houses with large gardens in subur-
ban areas, others prefer apartment blocks in
downtown areas. There is no unanimous

Table 14.3: Apartment block dwellings as a percentage
of the total in 17 European countries

view on high-rise building, except that it is
unsuitable for families with young children.

14.2.4 Space

The proximity in which people live together
is a factor in the spread of communicable
diseases, such as pulmonary tuberculosis
and scabies, through airborne transmission
or physical contact. Families whose
members are forced to live closely together
also experience more tension and aggressive
behaviour, particularly if more than one
household occupies the same dwelling. The
occurrence of burns and scalds is also poten-
tially greater in crowded households.

Rural dwellings have, on average, more liv-
ing rooms (excluding kitchens) per dwelling
than do urban dwellings, reflecting the com-
petition for space in built-up areas. Also, the
area of available space per person in living
rooms in urban areas is, on average, smaller
than in rural areas. There is considerable
variation among European populations in
the average space available to individuals,
ranging from 10.0 to 48.3 m2 (Table 14.4).
This is, in part, because this particular index
reflects the average family size as well as the
total amount of living room space. Within
the former USSR the republics differed in
the amount of living space available per per-
son, from Tajikistan (7 m2), through the Rus-
sian Federation (10 m2), to Estonia (13 m2)
and Georgia (14 m2).

There is debate as to whether the more sig-
nificant indicator of overcrowding is the
space available per inhabitant or the number
of inhabitants per room.

In general, homes in northern Europe pro-
vide more space per person than those else-
where. Climatic conditions dictate that
northern Europeans spend more time in-
doors than southern Europeans, and indoor
space is therefore relatively more important.
In nearly all countries for which information
is available, the average amount of space
available to the individual exceeds the Re-
gional Office recommended level of provi-
sion of at least 12 m2 of habitable space per
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Table 14.4: Average living room space per person in 22
European countries

person and no more than two people per
room [14]. Where the average value is close
to the recommended level, the possibility
exists that a proportion of the population
may live in substandard conditions.

The problems of attributing a measure of
health outcome to any one factor have al-
ready been discussed. Nevertheless, a com-
parison of postneonatal infant mortality
rates and the average domestic space avail-
able to the individual shows a broad direct
relationship in countries for which data are
available (see Fig. 14.2).

14.2.5 Hygiene

The aims of adequate hygiene and sanitary
arrangements are to minimize the risk of
transmission of communicable diseases and
to ensure a fresh, wholesome environment
for daily living.

Food storage and preparation

Hygienic food storage gives security from in-
festation and preserves perishable food-
stuffs. High standards of personal hygiene
and adequate arrangements for the storage
and collection of waste materials are also
required.

Fig. 14.2: Average living area per person and average annual postneonatal infanta mortality rates, 1987–1989



378 Housing and the Indoor and Urban Environments

Table 14.5: Percentages of households with a refriger-
ator, and dwellings with a separate kitchen or kitchen
area, in 17 European countries

Table 14.6: Percentage of dwellings in 21 European
countries lacking an indoor piped water supply

In all the European countries that pro-
vided relevant information, over 90% of
households had refrigerators and a similar
proportion of housing units had kitchens or
special kitchen areas (Table 14.5). Structur-
ally, therefore, the potential for avoiding
food contamination in its preparation and
storage is generally well advanced in Europe.

Sanitation

Statistical indicators on basic sanitary
requirements in a dwelling – an indoor water
supply, a fixed bath or shower, a toilet and
connection to a piped sewage system or sep-
tic tank – indicate that deficiencies are com-
monest in the CCEE and NIS and rare else-
where. In all countries, rural dwellings are
more likely to lack these amenities (Tables
14.6–14.9). Experience in low-income coun-
tries is that a piped water supply is the one
factor more than any other that has the grea-
test impact on the incidence of sanitation-
linked infectious diseases.

Table 14.7: Percentage of dwellings in 18 European
countries lacking a fixed bath or shower



Studying Housing and Health 379

In general, of the small number of coun-
tries that provided information for the Con-
cern for Europe’s Tomorrow survey, those
that rank high in the provision of an indoor

Table 14.8: Percentage of dwellings in 22 European
countries lacking a flush toilet/water closet

Table 14.9: Percentage of dwellings in 10 European
countries not connected to a sewage system or septic
tank

water supply tend to have lower postneon-
atal infant mortality rates (Fig. 14.3). The ca-
veat that must always be considered is that
infants die from communicable diseases not
only because of poor hygiene but also be-
cause of other factors such as immunization
coverage. This qualification is also relevant
to the interpretation of Fig. 14.2.

Problems of sanitation are, of course,
more acute in unplanned urban settlements
and among the homeless. The extent of such
underprovision is not known, nor is the re-
sulting impact on health.

14.2.6 Indoor air quality

In the WHO report on environmental health
in urban development [18] it is noted that:

The incidence of certain respiratory diseases, intoxi-
cations and cancers can be reduced by effective venti-
lation for the removal of such air pollutants as ni-
trogen oxides, carbon monoxide, radon, formalde-
hyde, tobacco smoke, mineral fibres and sulfur diox-
ide. Apart from the hazards of cigarette smoking,
complex air pollutants are produced inside the home
by the burning of fossil fuels in open fireplaces; the
risks are increased by inadequate ventilation.

Indicators

No system for the routine monitoring of pol-
lutants inside dwellings, from which the gen-
eral level of exposure to hazards might be de-
duced, exists in any European country. No
statistical indicators are available of the ad-
equacy or otherwise of ventilation, nor is it
known what proportion of households are
exposed to the types of gas or solid fuel heat-
ing apparatus which, when installation or
maintenance is faulty, create a risk of carbon
monoxide poisoning. Information is also
lacking on the use of movable appliances,
which are less likely to be connected to a
flue and are therefore potentially dangerous.
Furthermore, published mortality statistics
of carbon monoxide-related deaths do not
necessarily distinguish between deaths that
occur in the home and those that occur else-
where.

Even in reports of special surveys of home
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deaths the circumstances of carbon monox-
ide poisoning may not be clearly described.
For example, about 200 accidental deaths at
home from carbon monoxide poisoning are
reported annually in the United Kingdom by
the Consumer Safety Unit, and include

Table 14.10: Percentage of dwellings in 18 European
countries with central heating (all forms)

deaths due to gas, solid fuel, vehicle exhausts
(in garages) and fires [19]. The United King-
dom Health and Safety Executive publishes
data on carbon monoxide poisoning due to
gas fires; on average, over the last five years
there have been about 35 fatalities a year and
95 nonfatal accidents requiring hospital ad-
mission [20].

In the absence of better indicators, the
percentage of dwelling units with central
heating systems (see Table 14.10), whether
electrical or through circulation of warm
water, may be used as an indicator of healthy
indoor climate.

Indoor air pollution

Geological differences within the European
Region, and differences in air exchange rates
in houses, mean that domestic exposures to
the naturally occurring radioactive gas radon
will vary between and within countries. As-
sociated risks to health are discussed in
Chapter 12.

Other risks to health from indoor air pol-
lutants, including the question of sick build-
ing syndrome, are dealt with in Chapter 5.
One condition deserving special attention,
however, is Legionnaires’ disease. Commu-
nity-acquired Legionnaires’ diseases is
usually sporadic, and the reservoir of infec-
tion is often difficult to establish. Large

Fig. 14.3: Percentages of dwellings lacking an indoor piped water supply and average annual postneonatal infant
mortality rates in 14 European countries, 1987–1989
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water distribution systems, such as those in
large apartment buildings, are more suscep-
tible to colonization with Legionella spp.
since large storage tanks provide an optimal
environment for growth (lower temperatures,
commensal microbial flora, scaling and sedi-
ment). Household surveys in Canada and
the United States have reported drinking-
water supplies positive for Legionella spp. in
6–32% of residences studied [21]. Clearly,
despite the high prevalence of Legionella
spp. in some domestic water supplies, the oc-
currence of the disease is relatively uncom-
mon in the domestic setting. There is as yet
no indication that the cost and effort of rou-
tinely analysing water supplies and speci-
mens from showers, water tanks, taps, cool-
ing towers, humidifiers and water baths
would be justifiable in avoiding the occa-
sional sporadic cases of the disease [22].

14.2.7 Indoor climate

Relationship to health

Excessively high or low room temperatures
may be physiologically stressful, especially to
the very young and the elderly. In a recent re-
port [23] WHO concludes that there is no
demonstrable risk to healthy, sedentary
people in air temperatures of 18–24 �C when
other aspects of the indoor climate are ap-
propriate. A minimum temperature of 20 �C
is recommended for the very old and very
young, and there is evidence of clear health
risks to the vulnerable below 12 �C, such as
might be the case in some bedrooms in
winter. It may sometimes be difficult to bal-
ance the arrangements to ensure adequate
heating or cooling, energy saving, and avoid-
ance of atmospheric pollution or excessive
humidity.

Mortality statistics do not usually describe
adequately the extent to which hypothermia
may underly bronchopneumonia as a certi-
fied cause of death; nor may deaths from hy-
perpyrexia in infancy be correctly attributed
to excessively high room temperatures. Mor-
tality rates in the temperate countries of Eu-
rope are generally higher in winter than in

summer, with excess deaths occurring from
stroke, heart disease, bronchitis, pneumonia
and accidents.

Even among the northern European coun-
tries with similar socioeconomic character-
istics there remain differences in the extent
of the winter excess in mortality [24]. It is
probable that low temperatures in houses are
a contributory factor. In the most recent
quinquennial survey of English housing con-
ditions, 11% of houses were found to have in-
adequate heating arrangements to make the
dwelling fit for habitation throughout the
year [25]. Domestic heating arrangements
are needed that can maintain an adequate
ambient temperature. Affordable district-
based central heating, uniformly distributed,
is therefore potentially very desirable.

Dampness resulting from poor construc-
tion, inadequate heating with condensation,
or production of water vapour from the use
of paraffin and bottled gas heaters is a deter-
minant of ill-health in two ways. In cold,
damp conditions, in addition to physical dis-
comfort, the resistance of the respiratory
tract to infection is reduced. Warmer damp
conditions promote the growth of fungi on
internal walls and mites in house dust and
furnishings. Allergens from these sources
may precipitate asthma attacks in the suscep-
tible. In general, moulds require a relative
humidity of 70% or more for spore germi-
nation, and dust mites flourish at 75–80%
relative humidity. The occurrence of excess-
ive water vapour may result from inadequate
arrangements for heating or, in Scandinavian
countries for example, from a combination
of central heating and low rates of air ex-
change because of energy conservation
measures (see also Chapter 5). There is no
clear indication of the extent to which these
conditions occur nationally. In England in
1991, 25% of dwellings did not reach stan-
dards of freedom from dampness [25].

The lack of specificity of the health out-
come indicators relating to unfavourable in-
door climate means that it is necessary to
use instead measurements of the relevant in-
door environmental conditions to indicate
the potential for adverse effects on health.
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Central heating

The proportion of dwellings with some form
of central heating varies widely from country
to country, the highest being in northern Eu-
rope (see Table 14.10). Central heating may
be provided in the dwelling itself or from a
district heating plant.

The availability and affordability of central
heating, although advantageous to health
and comfort, is not a guarantee of protection
against the health effects of extremes of tem-
perature.

Energy for heating

Solid fuel (coal and wood) remains the
staple source of heating in many eastern
European countries, whether for central
heating or for other forms of heating. For
example, 56% of fixed heating appliances in
Hungary and 77% in the former Czechoslo-
vakia use solid fuel. The potential for indoor
(and outdoor) air pollution is therefore
greater in those countries (see Chapter 5).

Elsewhere, the trend is away from solid
fuel burning. In the former German Demo-
cratic Republic, for example, the proportion
of central heating boilers using solid fuel fell
from 14% in 1978 to 7% in 1987. District
heating remains relatively uncommon in
most countries of the Region.

Legal minimum temperature

Insulation requirements vary widely, both in
extent and in specification. In new housing
units they are usually specified in terms of
their adequacy to achieve a legal minimum
ambient temperature at an efficient level of
energy input.

Among European countries, the target
minimum ambient temperature for new, low-
cost buildings ranges from 13 �C to 24 �C,
without any consistent north–south or east–
west pattern. Two of the countries with
colder climates, Denmark and Switzerland,
stipulate no minimum temperature.

Moulds

Few countries systematically report the ex-
tent to which dwellings develop mould.
Characteristically, the problem is greatest in
airtight dwellings with central heating. Some
5% of dwellings in Finland and 3–5% in
Sweden were reported to be affected.a

14.2.8 Groups with special needs

These include the homeless, the mentally
disordered, the physically disabled, frail
elderly people and large families. Some indi-
viduals may belong to two or more of these
categories.

The homeless

The homeless include those who would like
to have their own dwellings but cannot be-
cause either the total or the affordable hous-
ing stock is inadequate, and those who for a
variety of reasons are without any shelter.
The latter include those who receive tempor-
ary shelter in lodgings and those who sleep
in improvised shelters such as abandoned
cars, subway stations and shop doorways.
Many are in transitional situations: those
having their homes repossessed for debt or
other reasons; those who have been dis-
charged from medical institutional care with-
out adequate follow-up; those whose family
situations have been disrupted by death or
breakdown of marriage; and those who have
travelled in search of employment. The
health effects of homelessness include mal-
nutrition, diseases resulting from exposure
such as frostbite and hypothermia-induced
pneumonia, and the effects of lack of per-
sonal hygiene such as insect-borne skin dis-
eases. Predisposing factors are substance
abuse and mental disorder.

Given the problems of defining the term
“homeless” consistently, the numbers re-
ported as such by seven countries varied

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.
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widely, and not in relation to the size of their
population (Table 14.11) or of their housing
stock. For similar reasons, it is not possible
accurately to determine whether the prob-
lem is increasing or not, but it is widely be-
lieved to be larger than it was a decade ago.

Clearly, no routine information system
can provide accurate data about the home-
less. Special surveys are needed, with inter-
national efforts required to ensure some con-
sistency in what is described as homeless-
ness. Similarly, no clear rules exist for esti-
mating the numbers of additional dwellings
needed; dwellings may be available but not
affordable to those in need, or not located in
places with high demand. The numbers of
dwellings needed, as reported by six coun-
tries, were: Israel and Sweden zero (Sweden
claims to have a surplus of dwellings); Spain
163927 (one for every 227 inhabitants); Tur-
key 1 million (one for every 57); Hungary
270000 (one for every 38); and Poland 2.1
million (one for every 18 inhabitants). Not
surprisingly the infant mortality rates for
these countries – sensitive indicators of so-
cioeconomic deprivation – ranged in 1990
from 6.2 per 1000 live births in Sweden to
80.9 in Turkey.

The elderly and the disabled

When describing the availability of housing
for people with special needs, such as the
elderly and the physically handicapped, dis-
tinctions have to be made between commu-
nal housing (residential homes) and dwell-
ings for individuals, and also between hous-
ing adapted exclusively to the needs of only
one group and where more flexible use is
possible. Only one country offered any data
in this field: in Sweden 1% of dwellings are
homes for the aged, 1% are service houses
with apartments, and 0.2% are service apart-
ments in normal buildings. The city of Mont-
pellier in France is particularly proud of the
large number of dwellings it has available to
meet the needs of disabled people.

Several countries periodically conduct
representative surveys of the numbers of dis-
abled in the population, usually using the

WHO International Classification of Impair-
ments, Disabilities, and Handicaps to de-
scribe the prevalence of various conditions.
The findings can be used to interpret the
need for rehousing or for adapting existing
housing to the needs of those with disabil-
ities. Investing in dwellings that meet the
needs of elderly and disabled people is ac-
companied by savings in institutional costs.

The Office of Population Censuses and
Surveys in the United Kingdom conducts
surveys from time to time on the prevalence
of mental, sensory and other physical dis-
abilities, the latest of these being reported in
1988 [27]. Approximately 14% of people
aged 16 years or more had one or more dis-
ability, 44% of whom were severely disabled
and 93% of whom lived in their own house-
holds. This is in line with the United Nations
policy that, in general, disabled people
should not be segregated but wherever poss-
ible integrated in the general population. No
estimates were made of the proportions who
were inappropriately housed. However, such
surveys of the prevalence of disability and
the appropriateness of housing and other fa-
cilities for the disabled should be undertaken
periodically.

Families

Most European countries have experienced
a dramatic drop in birth rates to a level that
does not ensure population replacement and
therefore threatens the future financial bal-

Table 14.11: Numbers and percentages of the popu-
lation reported homeless in 7 European countries,
1992
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ance between taxable earnings and welfare
coverage, including medical care and pen-
sions. Yet life in cities can be difficult for
families with young children, especially large
families. Most large families can only afford
to live in low-cost blocks of flats and are the
front-line victims of overcrowding, as well as
the depression and loneliness of the mothers
of young children living in high-rise build-
ings [28]. The younger children of large
families are the main victims of overcrowd-
ing and unhealthy conditions in the home.

Other types of need: paying for housing

In countries that conduct surveys of family
or household expenditure it is found that, in
general, the lower a household’s income the
greater the percentage spent on housing and
other aspects of shelter such as heating. For
example, in the United Kingdom’s 1991
Family Expenditure Survey [24] the house-
holds with the lowest 20% of income spent
22% of their total income on housing, net of

Table 14.12: Percentage of average monthly household
expenditure per head devoted to housinga in 18 Euro-
pean countries

allowances and rebates, while households
with the highest 20% of income spent 17%
on housing. In actual terms, the lowest 20%
of earners spent less than one quarter of the
sum spent on housing by the highest 20% of
earners.

There are no absolute standards for how
much of a household’s income should be
spent on housing in order to achieve a basic
level of shelter and provision. Member
States could usefully compare their housing
expenditure along the lines suggested above.
Meanwhile, the most relevant intercountry
comparison available is that periodically re-
ported by the International Labour Organi-
sation as the percentage of average monthly
household expenditure per head devoted to
housing. The reports for 1985–1990 showed
that, in general, western European countries
spent around one fifth to one quarter of the
total on housing, while central and eastern
European countries spent about one tenth.
(Table 14.12).

14.2.9 Accidents in the home

European comparisons

The nature and volume of accidents occur-
ring in the home, and the circumstances in
which they occur, are becoming clearer
through analyses of data collected in the
European home and leisure accident surveil-
lance system (EHLASS) in hospitals in 11
member states of the European Union [29].
The International Classification of Diseases
permits the external causes of accidents that
result in death to be identified in mortality
statistics, and these statistics are reported in
the World health statistics quarterly.

The first European comparison of home
and leisure accidents used data from the
emergency departments of selected hospitals
in six participatory countries – Denmark,
France, the Federal Republic of Germany,
the Netherlands, Portugal and the United
Kingdom. Because of differences in the sys-
tems of classifying accidents and in methods
of collecting data it has, up till now, proved
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difficult or impossible to make intercountry
comparisons of accident patterns. Where
comparison has been possible, no systematic
pattern was found across all six countries
[29]. It was concluded that individual coun-
tries should agree to adopt uniform repor-
ting and to work towards a common under-
standing of the content of all specified cat-
egories.

The fourteenth annual report of the
United Kingdom’s home accident surveil-
lance system [30] showed that there were
4024 fatal home accidents in 1990 (0.1 per
1000 population). The estimated incidence
of home accidents was 56 per 1000 popu-
lation per year. Younger members of the
population had the highest risk of home ac-
cidents, but the elderly had the highest risk
of an accident proving fatal. Home accidents
accounted for approximately 40% of all fatal
accidents, and one third of all accidents
treated in hospital.

Most home accidents were falls and
mainly affected the elderly and the very
young, each accounting for approximately
20%. Only 2% of home accidents involved
poisoning by ingestion or inhalation, but this
amounted to over 60 000 cases; there was a
similar proportion of burns.

Safety and injury

The United Kingdom analysis of fatal home
accidents shows that faulty constructional
design is the largest single cause, accounting
for one in seven of such accidents.

The range of mortality rates from acciden-
tal falls shown in Table 14.13 is very broad.
The fact that the rates in two neighbouring
countries can vary by as much as 20-fold sug-
gests that local practices of certification of
cause of death may vary. This anomaly
requires further investigation, and contact
with individual government statistical offices
will be needed to help clarify the situation.

None of the indices of housing configur-
ation that are routinely published inter-
nationally give adequate descriptions of
those aspects of housing that put people at
risk of falling accidentally. Stairs are hazard-

ous for the elderly and for the young. The
most appropriate index in this respect there-
fore may be the proportion of the population
aged 65 years and over living in housing
units with one or more parts situated above
ground level and without access to an elev-
ator. Coroners’ records for England & Wales
show that, in 1973–1977, children living
above the first floor were nearly 60 times
more likely to be killed by falling than
children on the ground or first floors [28].

Fire

Death or injury from fire is another physical
hazard. In the United Kingdom three
quarters of all fatalities that arise from fires
are domestic. Death rates are highest among
the elderly and again, it is likely that the fires
concerned are domestic. Their causation

Table 14.13: Average annual death rates per 100000
in 28 European countries, 1983–1985: accidental
falls, women aged 75 years or over
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and spread involve various factors such as
heating and cooking arrangements, the com-
bustibility of interior fabrics, and the materi-
als from which the external structure of the
dwelling was built. Exits that can be used by
the elderly are important for determining the
outcome of such accidents.

The latest English house condition survey
reported that 10% of the housing stock had
electrical systems that were defective or inad-
equate. One quarter of these houses needed
complete rewiring [25].

The routinely available statistics do not en-
able these components to be distinguished
from each other. The country profiles of
deaths by fire may be related to statistical
profiles of dwellings according to construc-
tion materials, age of structure, principal
cooking arrangements and principal heating
arrangements reported in the survey con-

Table 14.14: Average annual death rates per 100000
in 26 European countries, 1983–1985: fire and
flames, men aged 75 years or over

ducted for this report. Cross-national data
on other relevant factors, such as the preva-
lence of tobacco smoking among the elderly,
would also be needed in order to gain an ac-
curate interpretation of the role of the dwell-
ing itself.

Table 14.14 shows a 10-fold variation in
death rates from fire injury among elderly
men in European countries. A similarly wide
range is noted among children aged 1–4
years (especially boys) in the various Euro-
pean countries. Table 14.15 ranks countries
according to the average annual mortality
rate for children aged 1–4 years dying from
the effects of fire. The period covered here is
subsequent to that displayed for the elderly

Table 14.15: Average annual death rates per 100000
in 30 European countries or territories, 1986–1990:
fire and flames, males aged 1–4 years
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in Table 14.14; this ensures that where simi-
larities in rank positions occur among the
various countries for these two age groups
they are not attributable to the involvement
of members of different age groups in the
same fires. There is a broad similarity in the
positions in the rankings for those countries
for which statistics were available from the
World health statistics quarterly. Closer epi-
demiological scrutiny is warranted, but if
these data are valid they imply that there is
considerable scope for improvement in
home safety in some countries.

Overview

The extent of the differences among Euro-
pean countries in the occurrence of home
accidents and the resulting mortality is not
known with any certainty. The relevant gov-
ernment departments and consumer organ-
izations should collaborate internationally to
achieve standard methods of recording these
occurrences and their outcomes, in order to
identify more clearly the circumstances in
which home accidents occur and the factors
determining outcomes.

14.3.1 Urbanization

Although there seems little tendency for
further urbanization to occur in countries in
which 80% or more of the population al-
ready live in urban areas, other countries in
Europe are likely to continue their present
trend towards greater urbanization. There
may, however, be local population move-
ments from areas or cities with poor employ-
ment opportunities to urban areas, especially
large cities where work opportunities may
exist. International migration from low-in-
come to high-income countries may also
occur.

In parts of Europe, such as some southern

14.3 Trends

countries, urbanization has included un-
planned developments with far from ad-
equate housing and a lack of basic public
health infrastructures. In conditions of econ-
omic hardship there is a danger that this type
of development may continue, with accom-
panying risks of communicable diseases, par-
ticularly among children. In the CCEE and
NIS, undergoing the difficult transition from
planned to market economies, the resulting
unemployment may also lead to poor quality
urban settlements. A worrying problem in
the CCEE and NIS is the trend to give up
former programmes of subsidized social
housing before alternative sustainable hous-
ing policies have been developed.

14.3.2 Homelessness

As pointed out above, it is not possible to de-
termine with any accuracy the extent or
causes of homelessness in Europe. Predic-
tion of future trends is speculative. However,
if it is assumed that poverty is an important
factor, then the widespread economic reces-
sion in Europe and the problems of econ-
omic transition in the CCEE and NIS would
point to an increase in the number of home-
less. In certain countries in the Region, refu-
gees from the consequences of armed hostil-
ities add to the homeless population.

14.3.3 Accidents

Information about trends in home accidents
is available from the United Kingdom. Dur-
ing the period 1980–1990 there was no
marked change in the estimated annual
number of non-fatal accidents, but over the
same period there was a 25% reduction in
the number of fatal accidents in all age
groups. Whereas children aged 0–4 years ac-
count for nearly a quarter of home accidents,
two thirds of fatal accidents occur in people
aged over 65 years.

The reason for this trend towards a reduc-
tion in fatal home accidents is likely to be
multifactorial and needs to be analysed.
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Such information could facilitate a wider re-
duction in fatal home accident rates in Eu-
rope.

In general, the housing stock in the Euro-
pean Region affords adequate space per per-
son for avoiding the worst of the health ef-
fects of overcrowding, but there are still
some countries that lack adequate space per
person.

The piped supply of safe water to housing
units is inadequate in some countries of the
CCEE and NIS, particularly in rural areas.

There is a lack of conformity, and there-
fore of comparability, in methods for measur-
ing aspects of the housing environment from
country to country. This includes general
housing conditions, fitness for habitation,
housing structure and insulation, indoor pol-
lution, home accidents and homelessness.
For example, there are almost certain to be
differences between countries in methods of
categorizing home accidents and homeless-
ness, and their causes and effects, making it
difficult to make comparisons and therefore
to gain opportunities for effecting improve-
ments.

Urban planning and urban development
have been inadequate in many European
countries (with some notable exceptions
such as Denmark) to meet the aspirations of
inhabitants for life in a healthy city with sus-
tainable urban development.
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Major socioeconomic and social changes in
both the western and eastern parts of the
WHO European Region have affected sev-
eral societal sectors and working life in par-
ticular [1,2]. Economic integration in the
western parts of the Region has created a
market aiming at the free movement of
goods, capital, labour and services across
national borders. This requires the determi-
nation of minimum conditions of work [3]
and the harmonization of the technical,
safety and health properties of substances,
preparations, materials, tools and ma-
chinery.

In the eastern parts of the Region the tran-
sition from planned economies to market-

15.1 Current Trends in European
Working Life

driven systems has greatly affected the struc-
tures of economies and conditions of work
[1]. Large state-owned production units have
been split into smaller independent com-
panies and, to a great extent, privatized. As a
result, the infrastructures of occupational
health and safety services, which were organ-
ized according to the big industry model,
will experience major changes.

Throughout the Region, the most import-
ant questions for occupational health policy
are how national policies can ensure at least
a minimum standard of safety and health at
work during such dynamic changes, and how
they can prevent the reduction of social stan-
dards at work in the growing economic com-
petition within the European Region and be-
tween the various regions of the world [4].

In spite of decades of effort at harmoniz-
ation by the International Labour Organi-
sation (ILO), the Organisation for Econ-



Current Trends in European Working Life 391

omic Co-operation and Development
(OECD) and the European Community, and
similar efforts in the eastern parts of the Re-
gion, the conditions of work still vary widely
between countries [5].a Such differences are
due to differences in the degree of industrial-
ization and in general socioeconomic devel-
opment. The highly advanced, post-indus-
trialized countries have shown clear im-
provements in working conditions, while the
conditions found in the less industrialized
countries of the Region still require major
development. Great differences are found in
the Region not only between east and west
but also between north and south [6].

Out of about 400 million working people
in Europe (160 million women and 240 mil-

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

lion men) about 80–100 million (20–25 %)
are estimated to work in agriculture or other
sectors of primary production such as fore-
stry, fishery, mining and quarrying [7].
About 120–140 million (30–35%) work in
different types of industrial manufacturing
activity (secondary sector) and about 140–
200 million (35–50%) in various types of
service (tertiary sector); the rest, 20–40 mil-
lion (5–15%), work in undefined occu-
pations or form part of the growing number
of unemployed people [8]. While the post-in-
dustrialized northern and western countries
of the Region have less than 10% of their
workforce in primary production, often less
than 30% in manufacturing industries and
about 60% in services, the heavily industrial-
ized CCEE typically have more than 10% in
agriculture, 30–50% in industry and about
30% in services (Fig. 15.1). Some of the

Fig. 15.1: Distribution of workforces between sectors of the economy in countries of the WHO European Region
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southern and south-eastern countries may
still have up to 45% of the workforce in agri-
culture, a relatively small industrial sector
(less than 20%) and a small services sector
(less than 30%).

Working conditions and health hazards at
work differ substantially between the three
main economic sectors. Thus, the two main
types of variation in working conditions are
the differences between occupations and sec-
tors of the economy, and differences in con-
ditions in the same occupation or sector in
different countries or parts of the Region
[6].

Another major factor modifying working
conditions is technological development.
The use of new types of information technol-
ogy and automation, growing mechani-
zation, the growing use of chemicals, and the
introduction of new materials and new bio-
technologies modify both the working en-
vironment and the organization of work. In
general, this will lead to a decrease in heavy
physical and manual work and an increase in
controlling technical processes or ma-
chinery, work in offices, and different types
of expert work (the so-called “white-collar”
jobs). Provided that such technology is used
according to the best principles of occupa-
tional health, the ultimate effect of these
trends will be beneficial [8].

Further, the Region’s workforce is chang-
ing dynamically [9,10]. In general, the aver-
age age of the working population is increas-
ing, particularly in the alpine and northern
countries. This brings the occupational
health problems of the older worker to the
fore. Simultaneously, the growing partici-
pation of women in paid work (at present
they comprise about 40% of the workforce)
increases the need to modify working condi-
tions for the female physique and to allow for
women’s family roles. These workers need
special consideration in the development of
occupational health programmes, as do the
growing numbers of mobile workers and mi-
grants (about 20–30 million) from inside
and outside the Region. Finally, the number
of unemployed people in the Region (about
30–35 million at present) is likely to grow;

social and health problems accompany this
trend [4].

About 60–80% of enterprises in the Re-
gion are of small or medium size, employing
fewer than 50 people. Such enterprises em-
ploy about 20–50% of the Region’s work-
force, and they are likely to comprise the
only sector of the economy that will provide
new jobs. Particularly in industry and agri-
culture, however, such enterprises are known
to have more hazardous work environments
than larger companies [8]. This is of particu-
lar importance to occupational health, be-
cause the small and medium-size enterprises
are the most common workplaces for young
people, female and elderly workers, and
owners’ families. Work is often done at
home, which implies potential occupational
exposure of all members of workers’ families.
Although occupational health and safety pol-
icies have traditionally not covered small en-
terprises, the growing importance of this sec-
tor justifies extending the coverage of policy,
legislation and services.

New policies of countries and the Euro-
pean Union (EU) have addressed these
trends in working life in the Region, includ-
ing the special needs of vulnerable groups
and workers in smaller enterprises [2,3].
Much remains to be done, however, before
the work environment is equally safe and
healthy for all working people. International
collaboration is needed to ensure that no
community or company will compete by
lowering the standards of working condi-
tions and occupational health.

Although a growing amount of research data
supports the view that a healthy workplace is
also the most sustainable and productive one
[11] hazardous conditions are still common

15.2 Important Factors
at Work and in the
Work Environment
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in European work environments. Categories
of occupational exposure at work include
mechanical factors (and accident risks),
physical strain, ergonomic factors, chemical
hazards, thermal conditions and microcli-
mate, physical factors, biological factors and
organic dusts, ionizing and nonionizing radi-
ation, psychological factors and psychosocial
conditions of work [12]. The number of
workers exposed to different hazards can
vary considerably among countries. Depend-
ing on the country and survey in question,
20–50% of the workforce is exposed to
health hazards at work. Systematic surveys
on exposure levels are rare, but numerous
studies are available on individual exposures
or the hazards of particular occupations.
The numbers of workers in the Netherlands
with potential exposure to various occupa-
tional hazards are presented in Fig. 15.2
[13]. Parallel results have been obtained
from surveys in other countries, such as Fin-
land and Sweden [14,15].

15.2.1 Mechanical risk factors

Although many accidents happen outside
the workplace, occupational accidents are
the leading group of accidents causing per-
sonal injury [16]. The recorded rates of oc-
cupational accidents in different countries
depend not only on the level of safety of the

work environment, but also on the efficiency
and coverage of and criteria for registration
[7,17]. Great variation in registration prac-
tices precludes the comparison of statistics
from different countries. Although work-
places in the Region are among the safest in
the world [18,19] they vary considerably.
Even greater variations would be likely if
comparable data on occupational safety and
health were available from all countries.
There are several reasons to assume that the
countries with nonexistent or poor registers
are also likely to have the lowest standards of
safety and health at work.

The annual average rates for all kinds of
occupational accident in countries with
good registration systems range from about
20 to 100 accidents per 1000 employees. In
most of the European OECD countries, total
numbers have declined by 50% in the past
30–40 years; in the second half of the 1980s,
however, the numbers levelled off or even in-
creased in some countries (Fig. 15.3)
[20,21]. About 10% of such accidents are se-
vere, leading to more than 60 days’ absence
from work; about 1–5% lead to permanent
disability.

Although the registration of occupational
accidents is not harmonized in the CCEE
and NIS, some conclusions can be drawn
about the occurrence and distribution of ac-
cidents from data for Estonia, Hungary and
Poland. According to data collected by

Fig. 15.2: Occupational hazards in the Netherlands
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WHO,a the registered accident rates were
36.4 per 1000 workers for Hungary in 1990,
8.36 per 1000 in Poland in 1990 and 5.4 per
1000 in Estonia in 1991. Although underre-
porting may be substantial, these risks are at
the levels of the most risky industries in
western countries. In Poland, accidents are
declining in industry and forestry but rising
in trade and agriculture [22]. In the Russian
Federation, the industries with the highest
risks of accident and death are coal mining,
diamond and gold prospecting, and the

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

timber, oil and gas industries. Although acci-
dent rates differ greatly among countries,
mining and construction show the highest
risk in most.

Depending on the country, about 0.1–
2.5% of all registered accidents are fatal [5].
Because deaths are registered effectively in
most countries, international comparisons
of rates of fatal accidents are more reliable
than those of all accidents. Even so, the re-
ported average rates of occupational fatal-
ities range from 0.2 to 25 per 100000
workers, owing more to differences in the
coverage of registration than in the numbers
of deaths. In all European OECD countries,

Fig. 15.3: Occupational accident rates in eight European countries, 1955–1988
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agriculture, forestry, fishery, mining and
quarrying, manufacturing and construction
and transportation caused 70–85% of all
fatalities. The reported rates, however, have
declined by about 50–60% in the past 30–40
years in most industrialized countries
(Fig.15.4).

In the eastern countries of the Region, the
reported rates of fatal accidents were about
1.0 per 100 000 workers for Estonia, 1.4 for
Hungary and 0.7 for Poland. The highest
risks, as expected, are found in manufactur-
ing and mining; these exceed the risks of
transport, for example, by 100% [7,23].

In some countries such as Portugal and

Spain, and apparently in the CCEE and NIS,
the reported total numbers of all accidents
are increasing as a consequence of either im-
proved registration or intensified production
efforts [20,21]. The reported rates of some
of the CCEE and NIS are lower than in any
western countries with good registration sys-
tems, which suggests underreporting in the
countries in transition [24]. The high pro-
portion of fatal accidents also suggests
underreporting of total numbers of acci-
dents, possibly owing to the practice of not
reporting less severe cases. The real accident
rates in the countries with severe underre-
porting have been estimated by the Estonian

Fig. 15.4: Deaths from occupational accidents in nine European countries, 1956–1988
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authorities to be up to three times those of
countries with good registers [24].

Both the total number of accidents and
the number of fatal accidents vary widely be-
tween various industries and occupations
[19] (Fig. 15.5 and 15.6). In Finland, for
example, the most hazardous occupations
have 30 times the risk of the least hazardous
[19,25]. The highest risks are related to the
high use of mechanical or muscular energy
(as in mining and forestry), high flows of
material through production units (as in saw-
mills and transport), rapidly changing work
environments (as in construction and trans-
port) and occupations involving manual

work with dangerous tools (as in butchery)
and those in which weather and natural el-
ements play a major role (as in farming,
fishery, forestry and transport).

The most common causes of accidents in
industrialized countries are unsafe working
floors and gangways, physical strain, and
poorly safeguarded machines and hand
tools. The type of work and the nature of the
work environment very strongly influence
the level of accident risk. More than 80% of
occupational accidents in industries have
been attributed to hazardous machinery,
work organization or factors in the work en-
vironment [18]. Some multinational com-

Fig. 15.5: The 15 industries with the highest numbers and rates of injury in the United Kingdom, 1991/1992

Fig. 15.6: The 15 industries with the highest numbers and rates of fatal injury in the United Kingdom, 1986/
1987–1991/1992
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panies have successfully applied a built-in
“zero-risk” strategy, focusing safety measures
on the most hazardous situations identified
by systematic safety analyses and consider-
ing safety aspects in the planning and design
of industrial workplaces.

The great variation in risk – between dif-
ferent occupations, between individual
undertakings with similar types of produc-
tion and between similar branches of indus-
try in different countries – indicates much
scope for accident prevention. In some coun-
tries, effective preventive programmes have
resulted in a permanent decline in accident
rates, even in traditionally high-risk indus-
tries [26,27]. Accident rates in those coun-
tries with long traditions in occupational
health and safety, such as Sweden, are re-
markably lower than in several other coun-
tries that are otherwise as technically ad-
vanced.

The costs of occupational accidents may
be higher than expected. For example, such
costs amounted to 7.5 billiona ECU in Bel-
gium in 1990. The economic loss from occu-
pational accidents in some industrialized
countries has been calculated as 3–5% of the
gross national product (GNP). Thus, preven-
tive measures are likely to be cost-effective
[20,21,28].

Major technological accidents are dis-
cussed in Chapter 16.

a 1 billion = 109.

15.2.2 Workload and ergonomic
conditions

The physical workload has decreased sub-
stantially in industrialized countries over the
past 30 years. The risk of overload, however,
still affects 10–30% of the workforce in
highly industrialized countries and up to
50% of the workforce in less industrialized
countries. Physically strenuous work is
found in all main types of economic activity:
agriculture, forestry, mining, manufacturing
and services (Table 15.1). On average, 16%
of all workers, 25% of manual workers and
33% of farmers in the EU are reported to be
exposed to poor ergonomic conditions at
work [6]. Recent research has emphasized
the importance of considering ergonomics
in lifting, as well as in moving, heavy loads
[29,30].

Repetitive strain injuries occur most often
in semi-mechanized industries, in which the
pace of work is dictated by the movements of
machines at rates exceeding 30 per minute.
Continuous overstrain results in acute pain-
ful musculoskeletal disorders, which make it
impossible to continue working. The risk of
injury is particularly high if considerable
muscular force is needed and if work move-
ments do not follow the usual physiological
paths of the upper extremities; that is if they
involve, for example, twisting or rotation of
the wrist. Numerous surveys of working con-
ditions in various occupations indicate a

Table 15.1: Physically strenuous occupations and their occurrence in the workforce in Finland
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high and sometimes growing prevalence of
ergonomic problems at workplaces in all the
main economic sectors [14]. In Sweden, for
example, musculoskeletal disorders are care-
fully registered and there are up to 10–16
cases per 1000 employees, with machine
mounters and butchers at the highest risk
[12].

In the eastern countries of the Region, ob-
jective data on the physical workload are in
general very sparse, owing to a short tradi-
tion in ergonomics. The physical workload
has been found to be near the risk limits in
open-cast mining [31] and overloading of the
upper extremities is prevalent in semi-mech-
anized industries [32]. Rates of locomotor
system diseases are elevated among Hungar-
ian workers in the mining, metallurgy, textile,
leather, shoe, food, printing and woodwork-
ing industries, and physical overload causes
about 10% of all occupational diseases in the
Czech Republic.a The demands for increased
productivity, particularly in the semi-mech-
anized industries, is likely to increase the
problem further.

Injuries caused by physical workload, and
particularly by repetitive tasks, are the lead-
ing occupational diseases in many countries.
According to WHO data,a however, injured
workers receive only very limited compen-
sation in some countries, and thus also the
registered numbers remain low. Physical
workload is growing in importance as an oc-
cupational health problem in the Region,
where the average age of the working popu-
lation is increasing and underlying chronic
diseases of the cardiovascular and musculos-
keletal systems are becoming more preva-
lent.

Physical workload depends on several fac-
tors in the working environment, such as the
degree of mechanization, organization of
work, ergonomic aspects, quality of tools,
availability of work aids, microclimatic con-
ditions and the nature of the work itself.
Most of these factors can be effectively regu-
lated, and the risk of overload and strain in-

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

juries thus diminished. Improving ergo-
nomic conditions and controlling physical
overload will become occupational health
priorities in the Region. Many reports
[14,20,21] show positive results from in-
creasing workers’ freedom to regulate the
pace of work, and eliminating the piecework
system. These measures permit workers to
adjust the workload to their personal work-
ing capacity.

15.2.3 Physical factors

Noise

Levels of exposure to noise stabilized or de-
creased in the 1980s in many of the indus-
trialized countries [14,33] but noise still con-
stitutes an important occupational health
hazard. Depending on the type of industry,
some 15–50% of all workers are exposed to
noise at levels exceeding the threshold for
impairment of hearing (80–85 dB). In cer-
tain industries such as metal manufacturing,
mining and quarrying, and glass, clay and
stone production 50% or more of workers
may be exposed to levels of over 85 dB [34].

The most important health effect of such
exposures is noise-induced hearing loss.
Hearing loss develops more rapidly from im-
pulse noise (intermittent bursts of noise),
particularly at higher sound frequencies,
than from continuous noise. Occupations in-
volving exposure to high levels of such noise,
in addition to those already mentioned, in-
clude construction and all activities in which
power machines and mechanical hand tools
are used. Newly recognized problems in-
clude the synergistic effect of noise and
hand–arm vibration, as well as the suggested
synergistic effects of tobacco smoking or sol-
vent exposure and noise. Several other indi-
vidual or environmental factors may modify
the response to noise [34,35]. Since the
health effect of noise is cumulative, regard-
less of the source, the combined effect of ex-
posure to noise in the workplace and during
leisure time should be considered. In spite of
effective noise control measures at the work-
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place, the number of cases of noise-induced
hearing loss is increasing as a consequence
of exposure to high levels of noise from
other sources, which affects the hearing of
younger workers in particular [33].

The high degree of mechanization and dif-
ficulties in controlling noise emissions make
it likely that exposure levels at work in the
CCEE and NIS are high [36]. In the WHO
statistics on occupational diseases, noise-in-
duced hearing loss comprises 12% of all oc-
cupational diseases in Bulgaria, 15.6% in the
Czech Republic, 49% in Hungary and 25%
in Poland. The lower figures for these coun-
tries are at roughly the same level as those
for western European countries (20% in Fin-
land and 23% in Germany). In Finland there
are 0.35–70 cases of noise-induced hearing
loss per 10000 workers [15], this 200-fold
variation in risk being dependent on indus-
try and occupation.

Recent research has explored the adverse
health effects of noise other than hearing
loss [34,37,38]. Even at relatively low levels,
noise is known to be a cause of stress and an-
noyance, disturbance of concentration and
lower effective performance at work (see
Chapter 13). Several other adverse effects
have been reported, such as increased risk of
accidents, elevated blood pressure, elevated
cardiovascular morbidity and the occurrence
of several types of psychosomatic disorder.
In addition, noise exposure at work may af-
fect quality of sleep [34].

Vibration

Exposure to vibration is most frequently gen-
erated locally by powered or pneumatic hand
tools, such as drills, hammers, grinding tools
and machines and chain-saws. Up to 5% of
the workforce in industrialized countries
may be exposed. The hand and arm are af-
fected, leading to numbness and aching, va-
sospastic reactions, peripheral nerve injury
or, in extreme cases, vacuolation of bones
and possibly arthrosis. Depending on the oc-
cupation and pattern of exposure, the preva-
lence of vibration syndromes may vary from

1% to 80% of exposed workers [39,40]. The
use of powered hand tools is still prevalent in
the CCEE, which have a relatively high pro-
portion of vibration-induced disease in
workers’ hands and arms. According to
WHO data,a vibration diseases comprise
17% of all occupational diseases in the
Czech Republic, 8.8% in Bulgaria, 6.8% in
Hungary and 6% in Poland [22]. They are
less prevalent in western countries, compris-
ing, for example, 0.2% of occupational dis-
eases in Finland and 2.4% in Germany. This
probably indicates the positive impact of
modern attenuated hand tools and the intro-
duction of fully mechanized drilling ma-
chines for such work as mining and quarry-
ing. The scientific basis for standard setting
is, however, still actively debated [39].
Nevertheless, there is wide agreement that
the duration and level of exposure to vi-
bration should be reduced to the minimum.
The EU limits on hand tool vibration imply a
clear reduction from the present levels
[41,42].

Workers are exposed to whole-body vi-
bration mainly from road vehicles and rail-
way engines, or from off-road vehicles and
power machines such as tractors, forestry
machines and tanks. Water-craft and aircraft
are well known for exposure to whole-body
vibration. About 5–10% of the workforce is
likely to be affected; the levels of exposure
are gradually declining. The effects of whole-
body vibration on human beings are neur-
ological (feelings of discomfort, disturbances
of psychomotor and visual performance, dis-
turbances of balance and EEG changes),
gastrointestinal (nausea, vomiting), cardiore-
spiratory (elevated heart rate and blood
pressure and hyperventilation) and muscu-
loskeletal (muscular contractions and degen-
erative changes in joints, particularly in the
backbone) [43,44].

Preventing whole-body vibration is often
complicated, particularly when the terrain
may be critical in the generation of exposure

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.
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in vehicles. Nevertheless, there is scope for
improvement in the balance, seating and vi-
bration damping of vehicles, in speed restric-
tions and in the quality of road surfaces.

Nonionizing radiation

Nonionizing radiation (see Chapter 11) com-
prises three main groups: optical radiation
(visible light, lasers and ultraviolet and in-
frared radiation), radiofrequency waves
(microwaves, radio waves) and electric and
magnetic fields at extremely low frequencies.
About 2–3% of workers in industrialized
countries are exposed to some nonionizing
radiation. Exposure to ultraviolet radiation
may occur both in industry and in several
outdoor occupations such as farming, sea-
faring and forestry. Intensive exposure to op-
tical radiation may result in skin burns; in
the case of ultraviolet radiation there is an
increased risk of developing skin cancer or
cataract [45,46].

Radiofrequency waves cause thermal ef-
fects in deep layers of tissue, or in bordering
surfaces of tissue of different consistency.
Lasers may also produce acute thermal ef-
fects. Exposure to electric and magnetic
fields is reported to cause numerous effects
on the nervous system [47]. Reports of long-
term effects on reproduction and the induc-
tion of cancer have been published, but the
results are inconclusive [48,49]. Some
workers (such as those in metallurgy, plastic
welders, power-line, radio and telecommuni-
cation workers, and workers in certain health
services) may have levels of exposure one or
several orders of magnitude higher than
those of the general population.

Thermal conditions

Thermal conditions and microclimate in dif-
ferent occupations may vary widely, ranging
from extreme cold to extreme heat. In addi-
tion to extremes of outdoor climate, tem-
perature problems may occur with indoor
work, for example in refrigerated rooms in
the food industry, or in poorly ventilated
spaces and extreme heat in metallurgy.

About 4–5% of the workforce may work in
such conditions [14,50]. Indoor environ-
ment problems are associated with very low
levels of exposure to multiple chemical,
physical and microbiological factors. A
relatively new problem of modern working
life, particularly in large new office build-
ings, is the sick building syndrome, although
its existence is still debated [51] (see also
Chapters 5 and 14). Causal relationships be-
tween factors in the indoor environment and
the occurrence of somatic or psychological
symptoms among employees need further in-
vestigation.

15.2.4 Chemical hazards

Global chemical production is about 400–
500 million tonnes per year. In 1985, the
European members of OECD produced
about 30% of the total, and the CCEE 17%.
During the period of industrial expansion,
chemical production grew faster than that of
industry on average, and it has decreased
less in the current recession. In a typical in-
dustrialized country, the amount of all
chemicals used in 1990 was about one tonne
per head per year, the amount having almost
tripled between 1970 and 1990 [52].

The level and associated health hazard of
exposure to chemicals are often two to three
orders of magnitude higher at work than in
any other situation. Toxic responses to indus-
trial chemicals are numerous and depend on
the properties of the chemical, on the pat-
tern, level and route(s) of exposure, and on
the biological characteristics of the exposed
individual. In industrialized countries, over
100000 different chemical products and
thousands of intermediate products can be
used in occupational environments [53–55].
At least 10% of the total mass of chemicals
end up as hazardous waste.

In addition to the 2.1 million workers in
chemical industries in western European
countries (and possibly an equal number in
the CCEE and NIS) exposure to chemicals
affects employees in all industries and sev-
eral other sectors, including agriculture,
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transport, construction and services. Sur-
veys in various countries show, for example,
that about 10% of workers in the Nether-
lands are exposed to chemicals [13]; almost
50% of the workforce in Finland could be ex-
posed, but this possibility is realized for a
much lower percentage [52]. An EU survey
showed that 11% of all workers and 22% of
manual workers were exposed to hazardous
vapours, fumes, dusts or substances. In spite
of the growing use of chemicals, exposures
exceeding the limits set have decreased in
the western countries of the Region, accom-
panied by declining rates of traditional
chemical-induced occupational diseases
such as lead poisoning and solvent injury
[52,54].

Data for the CCEE and NIS are sparse,
but the available reports give exposure to
lead, pesticides, mineral dusts, asbestos and
silica, and various toxic gases and vapours as
the most important. In Poland, 200000
workers are exposed to fibrogenic dusts and
130000 to harmful substances [22]. About
70000 are exposed to carcinogens and at
least 15 000 to pesticides at levels exceeding
50% of threshold limit values. Table 15.2
summarizes exposure to highly toxic sub-
stances in Bulgaria [56].

The chemicals used at work have many
health effects; these are described elsewhere

[53] but are listed in Table 15.3. The main
exposure routes in occupational settings are
through the lung and skin (more rarely the
gastrointestinal tract) but the final target
organ may be the liver, kidney, brain, periph-
eral nerves, bone marrow or others. Expo-
sure to some chemicals affects only a very li-
mited number of workers while exposure to
some others, such as lead and organic sol-
vents, may be widely distributed in the work
environment. Fig. 15.7 shows the chemicals
most commonly causing occupational dis-
eases in Finland [52]. According to WHO
data,a chemicals cause up to 41.6% of occu-
pational diseases in Finland (including pneu-
moconiosis and chemically induced derma-
tosis), 56% in Germany, 28% in Hungary
and 29.5% in Poland.

Acute intoxications are declining. They
comprise about 1–4% of all occupational
diseases in the CCEE, but only occasional
cases are reported from the western coun-
tries of the Region. Some surveys from the
CCEE report not only acute pesticide and
carbon monoxide poisoning but also acute
intoxications from exposure to heavy metals
and solvents [56,57].

Several studies of exposure to lead are

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

Table 15.2: Exposure to toxic substances in the work environment in Bulgaria
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Table 15.3a: Examples of occupational exposure to chemicals and related health effects in Finland
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available. For example, about 7% of the
workers exposed in a metal industry in Ro-
mania showed symptoms of poisoning [57].
In Bulgaria, almost 30000 workers are ex-
posed to lead and about 70% of the plants
surveyed had levels of over 0.05 mg/m3 in
workroom air [56]. Lead caused almost 60%

of occupational intoxications in Bulgaria in
1990. Countries such as Finland,a Ger-
many,a Hungary [58] and Poland [22] show
a decline in lead poisoning, but hazardous

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

Table 15.3b: Examples of occupational exposure to chemicals and related health effects in Finland

Fig. 15.7: The 18 chemicals or dusts causing the highest incidence of occupational diseases in Finland
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exposure still occurs and necessitates further
control measures for the working environ-
ment. In 1991, 161 cases of lead poisoning
were reported in Germany (119 were recog-
nized as cases of occupational disease) and
117 cases in Poland [57].

Owing to its negative impact on working
capacity, pneumoconiosis comprises an im-
portant group of occupational diseases
caused by exposure to inorganic dust: 1.7%
of all occupational diseases in Finland, 8.4%
in Germany, 10% in Poland and 33% in the
Czech Republic. In spite of current effective
dust control, large numbers of cases are re-
ported as a consequence of exposure in the
1960s and 1970s. According to WHO data,a

a total of 2878 cases was registered in Cze-
choslovakia in 1991, and there were 5147 sus-
pected cases in Germany [59]. Several coun-
tries register continuous increases in asbes-
tos-related cancer; the incidence may con-
tinue to rise until the end of the century.

Pesticides are particularly widely used in
agriculture, and the users are not always
aware of the hazards involved. According to
WHO data,a acute occupational pesticide
poisonings have been controlled effectively
in countries such as the Czech Republic,
Hungary [58], Norway and Sweden, but pes-

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

ticide problems are considered to be a high
occupational health priority in countries
with a strong agricultural sector. The poor
coverage of inspection and registration may
result in serious underreporting of pesticide
poisoning. The long-term effects of low-level
exposure should be more extensively studied
(see Chapter 10).

15.2.5 Biological agents and
organic dusts

Some 25 occupational groups (Table 15.4)
are exposed to about 200 biological agents
[60,61]. An estimated 6.7% of the workforce
in the Netherlands are exposed and 14–15%
of the workforce in Finland may be exposed
to various kinds of biological agent [13,14].
Exposure to organic dusts and allergenic
chemicals has been reported to be common
in the CCEE, but reports of occupational
asthma and other allergic responses are very
few. Asthma comprises about 1% of occupa-
tional diseases in the Czech Republic, in
contrast to 4% in Finland where the total for
all allergic respiratory diseases is 10% [14].
Exposure to biological agents or organic
dusts and the related health hazards are
growing in many countries, such as Germany
and Sweden. The precise mechanisms in-

Table 15.4: Occupational diseases caused by exposure to biological agents and organic dusts



Important Factors at Work and in the Work Environment 405

volved in the causation of disease are often
not fully known; an underlying immunologi-
cal and/or inflammatory reaction is usually
involved. If exposure is not controlled, per-
manent incapacity to work soon follows the
onset of disease.

Infectious diseases play an important role
in occupational morbidity, particularly in the
southern and eastern parts of the Region.
Such diseases comprise 5.6% of all occupa-
tional diseases in the Czech Republic, 27%
in Hungary and 20% in Poland; these are ten
times the figures for western countries such
as Finland (1.1%) and Germany (2%). Hepa-
titis B virus is the most prevalent of the bio-
logical agents carried by blood or other body
fluids that may infect health care personnel,
although hepatitis C infection is gaining in
importance. Health care workers are ten
times more likely than the general popu-
lation to contract hepatitis B infection.
Those with acute infections may be off work
for weeks or months, or die in the acute
phase. One in twelve hepatitis patients will
be chronically infected, with the risk of de-
veloping liver cirrhosis or cancer [62]. Those
without overt symptoms may remain car-
riers. Up to 20% of the health care personnel
in areas of high endemic incidence have
been found to be seropositive to hepatitis B
virus, but the total number of people in-
fected at work in the Region is unknown. It
has been estimated that, if not vaccinated, as
many as 19000 people are infected at work
each year in western Europe [63]. Reducing
the risk of contamination from biological ha-
zards depends on good general hygiene at
the workplace and appropriate work prac-
tices; effective immunity is also available.
The available information from the CCEE
underlines the urgency of hepatitis B virus
prevention programmes [63].

The Society of Occupational Medicine in
the United Kingdom has set up a Viral Hepa-
titis Prevention Board composed of inter-
national specialists and representatives of
national ministries of health, occupational
health departments, the EU, the WHO Re-
gional Office for Europe and WHO head-
quarters. Its objective is to increase aware-

ness of hepatitis B virus among employers,
trade unions and employees at risk, and to
encourage the adoption of clearer guidelines
on prevention.

The risk of health care workers becoming
infected with HIV is much smaller than ex-
pected ten years ago, and between two and
three orders of magnitude less than that of
hepatitis B virus. Improvements in hygiene
and the adoption of procedures similar to
those recommended for minimizing hepatitis
B infection will protect health care workers
against occupational HIV infection [64].

Another group of occupational infections
results from microbial contamination by ani-
mals, which is likely to occur in countries
with a large agricultural sector. According to
WHO data,a various types of occupational
zoonosis are likely to be underreported in all
countries [6].

Animal epithelium, hair and excreta ex-
pose workers in animal husbandry and
leather and fur textile production to com-
paratively high concentrations of bioaero-
sols. Asthma, allergic alveolitis, allergic
rhinitis and chronic bronchitis, as well as or-
ganic dust-induced disease, may result [60].
Respiratory symptoms attributable to expo-
sure to bioaerosols occur in 20–30% of
workers who care for laboratory animals
[65] and in 17% of fur textile workers [66].
Dust control and protective equipment for
workers are the most important preventive
measures.

In most countries of the Region, and par-
ticularly in subtropical areas and the CCEE
and NIS, the risk of occupational diseases
from biological agents necessitates special
surveys of the workers most likely to be ex-
posed in agriculture, animal husbandry,
health sectors, the food industry and waste
handling. The basis for prevention and con-
trol strategies comprises careful dust control,
appropriate ventilation systems, effective in-
activation of microorganisms and adherence
to prescribed control techniques, along with
the use of protective clothing and equipment

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.
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and, for infectious agents, immunization if
available.

15.2.6 Occupational allergens

In addition to organic dusts and biological
agents, several chemicals can cause sensitiz-
ation of the skin or respiratory tract resulting
in allergic dermatosis, rhinitis, asthma or al-
veolitis [67]. The allergenic potency of
chemicals varies greatly. Some substances af-
fect only a part of the workforce after long-
term exposure; others, called superallergens,
are able to sensitize virtually everyone ex-
posed (even to extremely low doses) in a
short time. Widely used allergenic chemicals
number at least 50, and at least 500 chemi-
cals are capable of sensitizing exposed indi-
viduals. The superallergens include platinum
salts and isocyanates; certain biotechnology
products, such as enzyme protein products,
are newly recognized occupational allergens

in both research laboratories and industry
[68]. In a typical industrialized country,
about 13% of the workforce are exposed to
well recognized allergens. As shown in Fig.
15.8, allergic occupational diseases in-
creased in the 1980s [14,69].

The effect of occupational allergens may
be enhanced if the exposed worker is atopic.
In some studies, up to 30% of the population
have shown atopic characteristics, which
make them particularly susceptible to der-
mal allergens [67,69,70]. The only effective
means of prevention is to eliminate expo-
sure.

15.2.7 Hazards to reproductive
health

About 10–20% of couples of reproductive
age have problems with infertility or sterility,
and about 9% of diagnosed pregnancies ter-
minate with spontaneous abortion. The inci-

Fig. 15.8: Allergic occupational diseases by exposure in Finland, 1981–1992
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dence of congenital anomalies at birth is
about 3%. The fertility of men has been re-
ported to have substantially decreased in the
past 50 years, and exposure to industrial fac-
tors has been proposed as a causative factor
[71,72]. In Finland, where women usually
work outside the home, about 1.2% of the fe-
male workforce could be exposed through
their occupations to agents hazardous to re-
productive health [73]; the corresponding
figure for men is not known.

Occupational exposure may affect repro-
ductive health at four different stages: before
conception in men or women, during preg-
nancy by affecting the mother’s health, dur-
ing pregnancy by affecting the development
of the fetus directly, and at the neonatal

stage through contamination of the mother’s
milk. The effects may include lower fertility,
spontaneous abortion, congenital anomalies
or, in rare cases, toxic effects to the fetus or
infant through contaminated mother’s blood
or milk. Sorsa [74] has listed the agents haz-
ardous to reproductive health (Table 15.5).

Some countries, such as Austria, Den-
mark, Finland and Germany, have made
special provisions to protect the reproduc-
tive health of female workers. These provi-
sions require the elimination of hazardous
exposure and the transfer of pregnant
women to other work as soon as pregnancy
is declared or, if this is not possible, paid
leave up to the time of delivery so that expo-
sure to the hazard can be avoided [74]. Some

Table 15.5: Occupational substances hazardous to reproductive health
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other countries of the Region, such as the
former USSR, prohibited a number of occu-
pations or types of exposure for women, for
the same reason.

15.2.8 Occupational carcinogens

Large numbers of occupational carcinogens
have been identified and 60 or more occu-
pations have been found to be associated
with elevated risk of cancer [62]. Those
most at risk are miners, foundry and metal-
lurgy workers, chemical and rubber industry
workers, boot and shoe makers, and con-
struction workers exposed to asbestos. The
International Agency for Research on
Cancer (IARC) has so far evaluated 768
agents, substances, industrial processes, oc-
cupations or exposures for carcinogenicity. It
found a total of 317 (60 proven, 51 probable
and 206 possible) carcinogens of humans
[75]. The most common sites of occupa-
tional cancer are the lung, pleura and perito-
neum, paranasal sinuses, larynx and lym-
phatic system [76,77].

Estimates of the proportion of work-re-
lated cancer range from 1% of total cancer
morbidity to 20% [78–83]. The ILO conven-
tion on the prevention and control of occu-
pational hazards caused by cancer [84]
requires the registration of workers exposed

to carcinogenic hazards and the elimination
or minimization of carcinogenic exposure at
work. Several European countries have intro-
duced measures to implement this conven-
tion, and the EU has a number of directives
on the protection of workers against carcino-
genic agents [85].

Preventive strategies are based on the
elimination of exposure; if this cannot be
achieved, isolation of the worker from expo-
sure and protective clothing and equipment
are used [84]. The identification, by regis-
tration, of workers and workplaces with car-
cinogenic hazards is crucial to success. Data
gathered by WHOa showed that 17 out of 19
countries responding to a questionnaire had
an official list of occupational carcinogens,
and 7 had organized the registration of
workers exposed to all or some of the listed
carcinogens. The most important carci-
nogens in different countries were very much
alike, being based on IARC evaluations; they
included asbestos, benzene, polynuclear aro-
matic hydrocarbons, arsenic, nickel and its
inorganic compounds, chromium, cadmium,
aromatic amines, vinyl chloride monomer,
benzidine, coal tar and ionizing radiation. In
Germany, 200 established or suspected car-
cinogens are listed. In most countries, the

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

Fig. 15.9: Exposure of workers to suspected carcinogens used by companies in Denmark
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well established carcinogens are com-
paratively effectively controlled in the work
environment. For example, about 4% of the
workforce in Finland are exposed to such
carcinogens [76]. Nevertheless, large
amounts of some suspected carcinogens are
used. Research is under way in Denmark
[86], for example, to examine the possible
association between cancer and occupa-
tional exposure to these substances (Fig.
15.9).

15.2.9 Psychological factors

Both the environment and the nature of
work have psychological effects. In favour-
able circumstances the effects may be posi-
tive, increasing job satisfaction and moti-
vation, but less favourable situations may in-
duce psychological stress and dissatisfaction.
About 40–50% of respondents to a Dutch
questionnaire perceived stressful factors at
work [13]. Some studies indicate increased
psychological stress in the course of the
1980s [14]. Experts in occupational health
increasingly understand that psychological
and psychosocial aspects of work may be
more important determinants of health,
motivation and productivity at work than
previously considered [87]. The following
psychosocial aspects of work and the work
environment are discussed from the point of
view of occupational health:

• mental workload
• monotony
• time pressure
• responsibility
• disturbing physical factors
• the threat of violence
• lack of a clear role and self-determination
• unusual hours and solitary work
• job satisfaction.

Some 30–50% of employees in industrial-
ized countries assessed their work as “ment-
ally heavy” [6]. Psychological overload may
arise from several different types of factor
and condition at work; overloading of the
worker’s psychological, psychomotor or

emotional capacity leads to difficulties in
coping.

Monotonous work may imply a quanti-
tative psychological overload through con-
tinual repetition of movements or tasks, but
the worker may be mentally underloaded as
a result of psychological monotony. In an
EU survey [6] about 35% of workers felt un-
able to change or choose the order of work
tasks or methods; 10–25% assessed their
work as monotonous. There is evidence of
an elevated secretion of stress hormones re-
sulting from monotony at work [87].

About 20–40% of workers cited time
pressure as an important psychological
stress factor at work and it is apparently a
growing problem [88]. Finnish data show
that the implementation of both new types
of information technology and management-
by-results systems have increased freedom of
action in high-level white-collar employees
and foremen, while psychological stress and
time pressure have increased among female
workers on the shop floor [87]. A special
group of employees exposed to high time
pressure are experts and researchers, who
often take on too much work. For manual
workers, piecework often causes unreason-
able time pressure and increases workload
and the risk of accidents.

Responsibility for the safety of other
people (in health care and the transport sec-
tor for example), for employers’ or public
property, or for the quality and safety of in-
dustrial operations (such as in nuclear plants
and chemical processing) may constitute an
additional stress factor for employees. If rea-
sonable and manageable, such a responsibil-
ity may be experienced as positive, but ex-
cessive responsibility with unreasonable de-
mands can lead to stress reactions and even
psychosomatic disorders [88].

The physical work environment may con-
stitute a psychological risk factor and disturb
performance. Disturbing factors may include
noise, chemicals, accident risks, poor organ-
ization of work or lack of cleanliness at the
workplace. Closed institutions (such as
prisons), underground work sites, mobile
work sites (such as lorry and aeroplane ca-
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bins and ships) and offshore platforms are
examples of psychologically unique work en-
vironments. These environments may cause
additional psychological stress by limiting
the possibilities for social contact, or some-
times requiring special relationships between
employees and clients (prisons and mental
hospitals, for example) [87,89].

The threat of violence is a psychological
stress factor for employees in several service
occupations, particularly those who work
alone. According to questionnaire studies,
up to 50% of workers working alone and
serving customers in small shops have ex-
perienced such a threat during a working
year, while about 4% actually encountered
violence [90].

Unclear role identification, lack of per-
sonal development and poor opportunities
for self-determination increase stress and job
dissatisfaction, and affect health and well-
being as well as productivity and the quality
of work [90–92].

Up to 25% of workers work unconven-
tional hours, in shifts or alone in conditions
that may result in psychological harm or psy-
chosomatic morbidity. Sleep disturbances
and psychosomatic disorders are overrepre-
sented, particularly among night-shift
workers [6,14].

Work has, however, indisputable positive
effects on health [93]. Despite adverse psy-
chological factors, about 80–95% of workers
surveyed in the Netherlands said they were
satisfied with their jobs; the corresponding
figures for the EU and Finland were about
53% and 85–90%, respectively [14,16].

In addition to factors at work, the threat of
unemployment is recognized as an import-
ant psychological problem [94,95]. More
than 30 million people in the Region are un-
employed and the numbers are still growing.
By breaking the daily routine, isolating
people from social contact, causing econ-
omic difficulties and harming self-esteem,
unemployment creates severe psychological
stress, which has been found to affect
people’s mental health and capacity to work
[88,96]. Unemployment is associated with
unhealthy lifestyles, a gradual decline in

working capacity and elevated mortality
[88,94,96].

Very little is known about psychological
stress in workplaces in the CCEE and NIS,
but some of the data available suggest that
stressful work situations are common. Moy-
kin et al. [32] reported a high, monotonous
and static workload among clothing industry
workers in the former USSR. Such condi-
tions are known to contain a remarkable
component of psychological stress [88]. In
data gathered by WHO,a five out of the
seven CCEE responding to a questionnaire
ranked psychological stress as of medium im-
portance, while two countries (Hungary and
the former Yugoslavia) gave it the highest
importance. A realistic assumption is that
the current transition is particularly stressful
for workers because of uncertainty about the
future and the pressure for higher productiv-
ity and efficiency in unstable and changing
organizations. Further and more detailed
studies are needed on the psychological char-
acteristics of workplaces in the CCEE and
NIS.

The importance of psychological aspects
of work and the work environment depends
on the overall level of safety and health in
the country. Where the implementation of
new technology, effective mechanization and
automation have eliminated or reduced the
physical and chemical hazards and physical
workload, psychological stress may be the
major occupational health problem. This
does not imply, however, that psychological
aspects do not occur in those countries and
industries where traditional physical and
chemical hazards remain the priority prob-
lems. Occupational factors are not often
seen to be the cause of severe mental dis-
orders. The most common health outcomes
are neurotic reactions, burn-out syndrome,
psychosomatic disorders or depression [97].
Major disasters such as large-scale ex-
plosions or fires at industrial plants, or se-
vere violence (such as when robberies have
resulted in personnel being killed or taken

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.
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hostage), however, have caused severe acute
or chronic psychological disorders [93].

Besides having an impact on job satisfac-
tion and performance, adverse psychological
factors may affect workers’ somatic health.
Occupations providing unreasonable stress
and poor possibilities for self-determination
are associated with a higher risk of death
from coronary heart disease and suicide
[88].

15.2.10 New technologies

Several types of new technology are being in-
troduced in the workplace. Intensive compu-
terization and automation, and new produc-
tion systems, materials and processes con-
tinuously change work and the work environ-
ment. Biotechnology, using genetically ma-
nipulated organisms, is another major new
development that needs special discussion
from the perspective of occupational health.

Information technology

The most common new technology affecting
occupational health is modern information
technology, which is used by 30–60% of
manufacturing workers and 70–90% of bank-
ing, insurance and other service workers in
western European countries. The use of this
technology has been associated with several
occupational health problems [14] but it also
has positive effects by improving manage-
ment of the work environment, increasing
productivity and permitting better isolation
of the worker from hazardous conditions
and processes through remote control.

Apart from some individual reports there
is little evidence of severe health effects,
such as cancer or congenital anomalies in
the offspring, in women who use visual dis-
play units. An increased risk of spontaneous
abortion has been reported, but other studies
have not confirmed the finding [98,99]. On
the other hand, much evidence is available
on visual and ergonomic problems, poor or-
ganization of work, and information over-
load and psychological stress among such

workers. Following the ILO guidelines on or-
ganizing the workplace and work procedures
[98] or implementing the relevant EU direc-
tive [100] can eliminate many of these prob-
lems.

Biotechnology

Two major types of biotechnological process
are used in industrial and laboratory activ-
ities: traditional fermentation, and modern
cellular or molecular biology techniques
based on recombinant DNA and genetically
manipulated organisms. The new techniques
have grown intensively in the past 15 years,
and several large-scale applications are in use
in agriculture and in the food and feed, phar-
maceutical, enzyme production, waste hand-
ling, metallurgy and oil industries in indus-
trialized countries [101,102].

Virtually all the health hazards associated
with traditional biotechnological processes
are due to toxic or allergic reactions to the
microbial agents used or the resulting pro-
tein products. The risk of sensitization may
vary widely, affecting up to 30% of exposed
workers [103,104].

Fears expressed 10–15 years ago about the
generation of new pathogenic organisms by
recombinant DNA techniques have failed to
materialize, although work with DNA de-
rived from human tumour cells with acti-
vated oncogenes justifies careful pre-
cautions. No evidence is available on elev-
ated cancer risks among biotechnology
workers [105–107].

The hazards most likely to be associated
with working with the new methods are aller-
gic reactions to the organisms used, their
growth media or their peptide or protein
products. On the other hand, many chemical
reagents used in DNA biochemistry or in
biotechnology are toxic and highly reactive,
and may possess mutagenic or carcinogenic
properties [107]. No systematic evidence is
available on, for example, infections by new
pathogens or increased tumour risk among
exposed workers. Good laboratory practice
and good industrial large-scale practice (as
recommended by OECD), good microbial
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technique and good manufacturing practice
[106] – complemented by the training of
managers and workers in prudent working
practices, the use of protective clothing and
equipment and appropriate health surveil-
lance – are probably sufficient to control the
potential hazards of new technology. Follow-
ing up the health of biotechnology workers,
however, is justified to identify any adverse
health outcomes as early as possible [106–
108].

15.3.1 Accidental injuries

As indicated, accidental injuries are com-
mon, affecting up to about 10% of the work-
force in the sectors that report cases. Up to
50% of workers in industrialized countries
can be exposed to the risk of accidents, but
the incidence of severe permanent injury is
of the order of 20–100 per 100 000 em-
ployees per year. Within high-risk groups
such as construction workers, however, up to
25% may have an occupational accident
each year. The work time and production
lost create remarkable economic losses,
amounting to 3–5% of GNP [109,110]. The
health and economic consequences (psycho-
logical stress and lost productivity) of haz-
ardous work environments and jobs have not
been estimated. The 22 European members
of ILO reported about 6 million occupa-
tional accidents a year between 1987 and
1991 [7]. The rough estimate of fatalities
amounts to 25000 a year. The problem of
underreporting, particularly of total
numbers of accidents, is severe; the real fig-
ure may be 10 million rather than 6 million
accidents a year if non-reporting countries
are taken into account.

Accident rates indicate the degree of
safety at work and therefore reflect the over-
all quality of the current management of pro-

15.3 Public Health Impact of
Employment

duction systems in different industries. Par-
ticularly for high-risk groups, occupational
accidents constitute a health hazard com-
parable with any acute or chronic public
health problem. Examples from several
countries in the European Region demon-
strate that occupational accidents can be
prevented [27,111]. By introducing safer
structures at the workplace, better organiz-
ation of work and safer work practices, pre-
ventive programmes are also cost-effective.
There is some evidence that such measures
are accompanied by increased productivity
and improved work quality, as well as by
greater psychological wellbeing [25]. The
positive effects appear quickly, if not im-
mediately.

15.3.2 Occupational diseases

The countries of the Region use different
concepts and definitions of occupational dis-
ease, and this affects the assessment of mor-
bidity data. The practices and criteria for the
diagnosis, notification and registration of oc-
cupational diseases also vary widely, and
comparable Region-wide data cannot be ob-
tained. Even the reported incidence varies
by one or two orders of magnitude (Table

Table 15.6: Incidence of occupational diseases in
11 countries of the WHO European Region
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15.6) and the differences do not necessarily
reflect the real variation in working condi-
tions [14]. Official lists of occupational dis-
eases also vary, from a few disease categories
up to 50 or 60.

Countries with good registration systems
report average rates of occupational disease
at the level of 4–12 cases per 1000 em-
ployees per year. In most countries, the lead-
ing occupational diseases are noise-induced
hearing loss, chemical-induced dermatosis,
asthma caused by chemicals or organic
dusts, and pneumoconiosis caused by inor-
ganic dust. In those countries that recognize
musculoskeletal disorders as occupational
diseases, these are often the most common
(72% of all cases of occupational disease in
Sweden for example). The rates of acute poi-
soning and chronic metal and solvent intoxi-
cation are declining, while those of allergies
and musuloskeletal disorders are increasing
[15,59]. In most countries, mining and
quarrying, the metal and chemical indus-
tries, manufacturing in general, and con-

struction are the sectors with the highest risk
of occupational disease – from 3 to 40 times
the average for all sectors [20,21].

For high-risk groups, the incidence can be
up to 20 cases per 1000 per year, clearly ex-
ceeding the rates of other chronic diseases.
The risk of disease is extremely unevenly dis-
tributed among the different occupations
(Fig. 15.10); incidence in the groups at hig-
hest risk is 40 times that of the groups at lo-
west risk [14]. If estimated on the basis of
incidence figures reported by countries with
good registration systems, the total number
of occupational diseases in the Region’s
workforce (400 million people) should be 2
million new cases per year.

Unlike accident statistics, the reported fig-
ures for many occupational diseases only
partially reflect the current quality of the
work environment, since several diseases
have a long latency period. For example, cur-
rent figures on asbestos-related cancer re-
flect exposure to asbestos 15–30 years ago;
the health consequences of current asbestos

Fig. 15.10: Incidence of occupational diseases in various occupations
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exposure will begin to appear between 2015
and 2020.

The trends in occupational diseases show
two different patterns in the Region. Inci-
dence is stable or declining slightly in coun-
tries such as France, Spain and the United

Kingdom, and rising in Denmark, Germany,
Norway, Sweden and Switzerland. These dif-
ferences (Fig. 15.11), however, are more
likely to reflect changes in criteria for regis-
tration and compensation and the efficiency
of diagnosis and registration than changes in

Fig. 15.11: Incidence of occupational diseases in 12 European countries, 1965–1990
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morbidity or exposure [20,21]. Increases in
musculoskeletal disorders, allergies and dis-
eases with a long latency period, such as as-
bestosis and asbestos-related cancers, ac-
count for most of the rising trends.

15.3.3 Work and noncommuni-
cable disease

The prevalence of common noncommuni-
cable diseases – such as cardiovascular, re-
spiratory and musculoskeletal disorders,
cancer and certain psychological disturb-
ances – tends to increase with age [10].
Along with accidents, these diseases are the
leading causes of work disability and loss of
healthy and productive working years. The
increasing average age of the European work-
ing population calls for more attention to be
paid to preventing such diseases and thus to
maintaining and promoting physical and
mental capacity for work. The factors that re-
duce work capacity and can lead to disability
and premature retirement need identifica-

tion. The question of the relationship be-
tween work and noncommunicable disease
and the possibility for early preventive action
are gaining more importance in occupa-
tional health programmes [112,113].

A WHO Expert Group defined work-re-
lated diseases as diseases of multicausal ori-
gin that have an etiological component at
work, are of non-occupational origin but can
be aggravated by work, or are associated
with behavioural or lifestyle factors in-
fluenced by work. In addition, the planners
of strategies to prevent and control work-re-
lated diseases and to promote workers’
health should consider diseases of non-occu-
pational origin that can be effectively con-
trolled by occupational health approaches
[114,115].

Expert groups and individual researchers
have critically evaluated the relationship of
work to noncommunicable disease [5,113–
116] and a measurable proportion of car-
diovascular disorders, respiratory diseases,
musculoskeletal disorders and cancer has
been related to work [117]. In questionnaire

Fig. 15.12: Estimated twelve-month prevalence of self-reported work-related illness by disease category in Eng-
land&Wales, 1990
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surveys, people attributed a very high per-
centage of their illnesses to work. For
example, about 55% of Dutch workers as-
sociated their illnesses with their jobs; as
many as 60% of respondents with psycho-
logical conditions, 12% with cardiovascular
conditions and 84% with musculoskeletal
conditions associated their illness with work
[13]. The results of the 1990 Labour Force
Survey in England & Wales showed a
relatively high occurrence of work-related
back disorders, nonspecific musculoskeletal
disorders, hearing problems, and stress or
depression (Fig. 15.12). Some of the respon-
dents also considered that work aggravated
their ill-health.

The control of work-related diseases
requires a comprehensive occupational
health approach that can identify workers’
chronic diseases, target preventive measures
to exposure at work and in other environ-
ments and modify workers’ lifestyles, par-
ticularly towards proper nutrition, sufficient
physical activity, and the control of smoking
and drinking habits and stress. This requires
a comprehensive occupational health ser-
vice, including both curative and preventive
elements [28].

15.3.4 Work disability and mortal-
ity of working populations

Population studies have shown that not only
work-related morbidity but also a high risk of
disability and premature mortality are as-
sociated with occupations involving heavy
and unhygienic work [116]. Social class
alone cannot explain the observed differ-
ences in risk between various occupations;
several health hazards at the workplace con-
tribute to the greater morbidity and mortal-
ity of some workers. The economic losses re-
sulting from premature mortality and work
incapacity have been estimated to amount to
10–15% of GNP in some countries [109].
Such data should be considered in setting oc-
cupational health priorities and in planning
programmes for prevention and health pro-
motion. The hazardous factors in the work

environment should be the primary target
for prevention, and such programmes should
be directed particularly to the work environ-
ments of high-risk occupations.

WHO asked Member States to name the
problems in occupational health to which
they gave priority. The lists supplied proved
to be very similar, regardless of a country’s
geographical location and stage of develop-
ment. Fig. 15.13 shows the priorities of 17
countries in descending order of import-
ance. Accidents, noise, chemical hazards,
ergonomic problems and psychological
stress were the top five items on almost all
lists; the importance attached to other prob-
lems varied more. The countries’ priorities
corresponded well with the problems re-
flected in national statistics of adverse occu-
pational health outcomes, and with the re-
sults of objective risk assessments and nu-
merous independent surveys [117].

The priority types of exposure to be ad-
dressed in the next five years differed slightly
from those causing current problems (Fig.
15.14). In the future, exposure to chemicals
and psychological stress will receive the
most attention. The countries listed slightly
different priorities for future action on occu-
pational health outcomes (Fig. 15.15). Coun-
tries’ lists of the top 10 problems were al-
most identical, although the order in which
items were named varied slightly.

All countries are committed to controlling
health and safety hazards at work, but they
use very different instruments for the task.
Some have well developed legislation on oc-
cupational health and safety, effective inspec-
tion and trained staff, and extensive service
infrastructures to implement occupational
health and safety programmes. Others lack
these advantages. Almost all countries men-
tioned financial constraints on the further
development of occupational health pro-
grammes.

Nevertheless, almost all needed to im-

15.4 Conclusions
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prove the coverage of registration and data
systems for working conditions and their ef-
fects on health. More effective methods are
needed to identify occupational health prob-
lems, to focus preventive and control
measures and evaluate their impact, and to
analyse trends. In addition, the coverage,
content and methods of occupational health
services need development. About 56% of
the workforce in the Region are estimated to
lack access to special occupational health

services. Further, new occupational health
hazards are not visible in current national
statistics; to be recognized, they first need
study by research organizations.

The current transition in the CCEE and
NIS hinders assessment of the exposure of
workers to occupational health hazards and
their impact on health. The data available
from individual research projects and occu-
pational health and safety experts suggest a
high prevalence and high levels of exposure

Fig. 15.13: Priority scores for current occupational health problems as assessed by 17 countries in the WHO
European Region

Fig. 15.14: Current priority types of exposure as assessed by 17 countries in the WHO European Region
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to all the traditional occupational hazards in
these countries [117]. Owing to the econ-
omic structure and, in some countries, a low
level of mechanization and automation, the
physical workload is also considerable. Pub-
lished data suggest greater risks of occupa-
tional accidents and disease in eastern than
in western countries of the Region. As a re-
sult of incomplete coverage and variation in
the criteria for registration, however, the re-
ported figures are often relatively low.

Throughout the Region, and in the CCEE
and NIS in particular, registration and data-
base systems need improvement and defini-
tions of occupational diseases and accidents
need harmonization. Most countries have
numerous experts in occupational hygiene
and occupational health, as well as in occu-
pational safety and work psychology, and
some have recognized the need to reorient
the training of these experts to adapt to the
new situation. Special programmes for the
identification, control and prevention of oc-
cupational hazards in high-risk occupations,
such as mining, agriculture, metallurgy and
the metal and woodworking industries, are
also urgently needed.

Professional assistance and possible finan-

cial aid from abroad can probably accelerate
the development of better work environ-
ments in the CCEE and NIS. Sustainable ac-
tivity, however, requires effort and expertise,
with sufficient personnel trained in modern
occupational health practice. In addition,
some countries need to update their occupa-
tional health and safety legislation, and insti-
tute effective inspection for compliance. Fur-
thermore, training for workers and em-
ployers needs to be organized in all countries
to improve awareness of occupational health
and safety at the plant level. Achieving these
aims requires the design of a national policy
with realistic objectives, and priorities that
are set on the basis of a systematic survey of
the major problems and the identification of
the workers at highest risk.

Experience from the most industrialized
countries provides evidence of a close rela-
tionship between productivity and quality of
products on the one hand, and overall stan-
dards of health and safety in the work en-
vironment on the other. Thus, preventing
and reducing hazards to occupational health
and safety can benefit not only a country’s
workforce but also its economic develop-
ment.

Fig. 15.15: Priority scores for future occupational health problems as assessed by 17 countries in the WHO Euro-
pean Region
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Both natural disasters and those resulting
from conflicts or technological accidents
may severely harm human health and the en-
vironment. Further, these emergencies may
have considerable economic consequences.
Both environmental and economic effects
may have further indirect effects on health.
Natural disasters – such as floods, storms,
droughts, volcanic eruptions, earthquakes
and landslides – may cause injury and death,
damage to property and public health infra-
structures, and land loss and crop damage.
Recognizing these facts, the Forty-fourth
Session of the General Assembly of the
United Nations launched the International
Decade for Natural Disaster Reduction in
1990.

The risk of natural disasters largely dep-
ends on geographical location, and the con-
sequences are determined by a number of
factors including population density, public
awareness, building structures and the con-
struction materials used, the duration of the
event, its suddenness or unexpectedness, and
the state of preparedness for responding to

16.1 Introduction
an emergency. About 95% of all natural dis-
asters are estimated to occur in developing
countries [1] while industrialized countries
have substantially higher risks of technologi-
cal accidents associated with the production,
transport or use of hazardous chemicals or
with the production of energy, such as nu-
clear or oil platform accidents [2]. Acts of
war, civil unrest or sabotage may have simi-
lar or even greater effects on environmental
integrity and human health than natural dis-
asters or technological accidents.

Such disasters may have quite diverse con-
sequences for environmental health, such as
interruption of the drinking-water supply, re-
lease of chemicals from damaged or de-
stroyed chemical installations, and chemical
or microbiological pollution of drinking-
water and food. The fighting in the former
Yugoslavia and in other parts of the Euro-
pean Region has focused attention on these
issues and on the huge loss of life entailed,
particularly among young people.

Appropriate planning of responses to
emergencies at the national and local levels
is essential if the consequences of any major
accident are to be rapidly and effectively
mitigated. A state of preparedness includes
the capability for rapid assessment of the po-
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tential hazards and, where appropriate, the
establishment of early warning systems.

One should remember, however, that tech-
nological accidents in general are prevent-
able. An awareness of high-risk circum-
stances and the use of preventive measures
based on accurate, site-specific assessments
of environmental impact and potential risks
to health should therefore receive high prior-
ity. In recognition of the importance of poss-
ible human error staff development and
training should include awareness of the
risks of accidents and means of preventing
them. It should also cover preparedness to
respond to technological accidents, should
they occur.

This chapter has two parts. The first deals
with major technological accidents with en-
vironmental effects that may affect the
health of a part of the population. The sec-
ond part addresses accidents affecting indi-
viduals, including poisonings and traffic ac-
cidents. While individual domestic and occu-
pational accidents strongly affect health,
they are dealt with elsewhere (Chapters 14
and 15).

Technological accidents may have serious
environmental, health and economic conse-
quences. Clean-up and aftermath measures,
for example, may cause enormous costs to
society.

Apart from these considerations, public
anxieties about the possible risks of techno-
logical accidents are important. Public con-
cern about risks of accidental exposure is
considerable, especially for people living
close to industrial installations or nuclear
power stations. Such concern may be much
greater than the actual risk, but still needs to
be addressed. It is important to conduct real-
istic, site-specific assessments of potential

16.2 Technological Accidents
with Environmental Effects
on Health

hazards and to provide adequate and correct
information to the public. All possible pre-
ventive measures should be taken in design-
ing, constructing, operating and maintaining
a plant.

In addition, training and education in acci-
dent prevention and preparedness by all con-
cerned are a prerequisite for minimizing the
possible health consequences of technologi-
cal accidents. The groups to receive periodic
training include managers and workers, staff
of emergency services and the public. The re-
sponsible authorities, emergency services,
health personnel and other involved groups
need to develop, implement and take part in
regular tests of agreed joint emergency re-
sponse plans. Communication is important,
particularly with the mass media and the
public. The International Programme on
Chemical Safety, the Organisation for Econ-
omic Co-operation and Development
(OECD), the United Nations Environment
Programme and the WHO European Centre
for Environment and Health [3] have jointly
developed guidance on awareness of, pre-
paredness for and response to chemical acci-
dents, and the WHO European Centre has
prepared similar material on nuclear emerg-
encies [4].

16.2.1 Chemical accidents

In general terms, a chemical accident is the
result of an uncontrolled release into the ex-
ternal environment of one or more chemical
compounds that are hazardous to health or
harmful to property or the environment. The
risks from a chemical accident largely de-
pend on the properties of the compound
itself, the quantities being handled, the pro-
cesses used, and the nature of the accident
or the release, as well as the surroundings
(including meteorological conditions), popu-
lation density, and the emergency response
measures taken to minimize the conse-
quences [1]. In countries lacking appropri-
ate legislative and administrative infrastruc-
tures for dealing with emergencies, chemical
accidents have a larger impact on the en-
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vironment and human health [5]. Owing to
the diversity of chemicals that might be re-
leased and the different routes of possible ex-
posure, an accident may give rise to a wide
spectrum of health effects.

Types

A compound may be dangerous because it is
toxic, reactive, explosive, inflammable, cor-
rosive or radioactive. Toxic substances in-
clude man-made chemicals, such as dioxins
or organophosphates, and those of natural
origin. With such compounds, both the toxic
potency and the amount released are import-
ant. The most dangerous class of hazardous
chemical comprises gases condensed under
pressure, such as liquefied petroleum gas,
chlorine, sulfur dioxide and ammonia.

Chemical accidents may result from a fire,
an explosion or a leak that leads to a sudden
release of hazardous substances. They may
occur during manufacture, storage, transport
(by rail, road, air, water and pipeline), use
and disposal. The causes of chemical acci-
dents are quite diverse. They may be related
to a process, but may also arise from ma-
chinery failure or human error. For example,
a reactor vessel may rupture owing to wrong
temperature and/or pressure, leading to the
unintentional production and release of haz-
ardous compounds. Gas releases may result
from the accidental mixing of chemicals.
Fires may lead to the formation of toxic com-
pounds that are released into the environ-
ment as a result of the fire or the efforts to
put it out [1].

Inadequate maintenance and/or the mal-
function of emission control equipment in
fixed installations may lead to a continuous
release of chemicals into the environment.
The result could be substantial pollution of
the immediate neighbourhood, which might
have health effects similar to the long-term
consequences of short-term, major acci-
dents.

External factors affect the probability of
an accident. In fixed installations (such as
chemical plants, storage rooms, warehouses
and reprocessing sites) natural events such

as floods or extreme weather as well as, for
example, power cuts may lead to an uncon-
trolled release of chemicals. The risk of
chemical accidents during road transport
depends on factors such as traffic density,
road conditions and speed limits; the effects
depend on where an accident occurs.

Environmental media affected

In principle, accidental releases of hazard-
ous chemicals may affect all environmental
media (air, water and soil) and consequently
the food-chain, independent of the type of re-
lease and the environmental medium in-
itially affected. Explosions or leaks of in-
flammable materials can release quantities
of toxic chemicals into the atmosphere, the
distribution of which depends on the height
of the plume and the meteorological condi-
tions. The chemicals released may subse-
quently contaminate land, water, food crops
or livestock. Chemical spills affect soil and/
or water first, but may contaminate food
crops and livestock. External factors, such as
temperature, extreme precipitation and
wind, can influence the amount of chemical
released and its dispersal [1]. While most
chemical accidents occurring in fixed instal-
lations tend to be contained within the in-
dustrial compound itself, the problems gen-
erated by major chemical accidents may
cross national borders [5].

Routes of exposure and acute health
effects

The nature of a chemical accident ultimately
determines the routes and types of exposure.
An accidental release of large amounts of a
chemical may have acute effects through di-
rect exposure, but may also lead to long-term
exposure to lower levels of the chemical, es-
pecially when the food-chain is affected. Be-
sides, acute exposure may yield delayed ef-
fects without causing acute symptoms. In the
event of a chemical accident, the major di-
rect routes of exposure are inhalation, skin
or eye contact and ingestion [6].

Exposure via inhalation is the main direct
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route of exposure to gases, fumes, aerosols
or respirable dust. Irritant gases damage the
respiratory tract mucosa; the site, nature and
severity of the damage is a function of, on
the one hand, the water solubility, reactivity,
concentration and particle size and on the
other, the duration of exposure and any
underlying disease in the people exposed.
Highly water-soluble irritants, such as acids
and ammonia, mainly affect the upper respir-
atory tract and produce immediate effects:
watering of the eyes and nasal congestion.
The lower the water solubility of an inhaled
compound or the longer the duration of the
exposure, the more likely it is that the lower
respiratory tract will be affected, leading to
inflammation of the lungs. Substances that
are toxic when inhaled may cause systemic
effects on almost any organ, with no direct
effect on the respiratory tract. Some inhaled
compounds, however, may create both local
irritation and systemic toxicity.

Skin exposure may result in local injury –
usually chemical or corrosive burns – but
may also produce systemic poisoning if der-
mal absorption takes place. The higher the
lipid solubility of the chemical involved, the
more likely it is to be absorbed through the
skin; it will also be enhanced in the presence
of organic solvents and in the case of in-
creased skin blood flow from inflammation
or rubbing, or skin damage. Eye injury is
most likely to result from exposure to gases,
vapours or dusts, but also by direct contact
with the eye through splashing, for example.
Such effects are most likely to occur among
workers at the site of an accident. Decon-
tamination is essential for limiting injury.

Acute local injury to the gastrointestinal
mucosa may follow the ingestion of corros-
ive, oxidizing or coagulative agents, and the
absorption of certain chemicals may result
in systemic poisoning.

The central nervous system is often the
target of chemicals, including a wide range
of organic solvents and pesticides. Some
chemicals, when inhaled, impair cellular util-
ization of oxygen, while other agents may
have acute effects on heart function. Halo-
genated hydrocarbons are well documented

as causing sensitization of the heart muscle;
additional or future exposure to similar com-
pounds may then result in abnormal heart
rhythms, possibly leading to death.

Long-term health effects

The long-term consequences of accidental
exposure to chemicals may include cancer,
damage to the immune system, delayed neur-
otoxicity, specific organ toxicity, reproduc-
tive disorders, genetic damage and effects on
the skin [6]. In every chemical accident, it is
essential to try to identify the chemical or
chemicals involved and the level of exposure
as quickly as possible. When long-term ef-
fects are anticipated, or there is risk of such
effects, epidemiological studies should be
considered and arrangements made to
undertake them, including the early collec-
tion of appropriate samples for exposure as-
sessment.

Ingestion is a major route of long-term ex-
posure following chemical contamination of
the food-chain and/or drinking-water. It is
also the major route of exposure following
incidents that take place silently without pro-
ducing marked acute effects, such as acci-
dental spills affecting water or soil. In such
cases, establishing causal relationships be-
tween exposures and effects may be difficult,
particularly where there is a long latency
period. For example, the identification of
factory discharges into the sea as the source
and of organic mercury compounds as the
agents responsible for Minamata disease
took several years of investigation.

In addition to health effects directly re-
lated to the chemicals involved, stress-related
effects, both psychological and physical, are
often observed. Symptoms of post-traumatic
stress are quite common, and may occur not
only at the time of an accident but also
weeks or months afterwards. The symptoms
may consist of intrusive memories of the
event, sleeping problems, irritability, and de-
pressed or anxious moods. In addition, a
chronic stress syndrome may develop, es-
pecially in cases of exposure to chemicals
that are known to pose long-term hazards to
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health (see the section on radiation acci-
dents below). The symptoms may be similar
to those observed with post-traumatic stress,
but may also involve nonspecific somatic
symptoms.

Physical consequences may result from
the precipitation of symptoms of existing ill
health under a severely stressful experience.
Increased mortality from cardiovascular dis-
eases was observed soon after the accident
in Seveso, Italy in 1976, for example [7].

Major chemical accidents in
the European Region

Knowledge about chemical accidents that
have occurred, and analysis of their charac-
teristic features, are prerequisites for devel-
oping adequate measures to prevent future
incidents, or to respond to and mitigate their
effects. Many chemical accidents have oc-
curred in the European Region; Table 16.1
lists some of the major ones. This list is not
comprehensive, however, and some coun-
tries of the Region lack adequate reporting
systems.

As an example of a major chemical acci-
dent, the release of 2,3,7,8-tetrachlorodi-
benzo-p-dioxin (TCDD) in Seveso is de-
scribed in some detail. The accident oc-
curred during the production of 2,4,5-trich-
lorophenol (TCP). Owing to an unexpected
reaction of a nature and cause as yet un-
known, the reactor temperature rose, causing
a pressure surge that blew safety devices. The
chemical mixture in the reactor was conse-
quently discharged through a pipe vent into
the atmosphere, forming a cloud containing
trichlorophenol, sodium trichlorophenate,
ethylene glycol, sodium hydroxide and, as
discovered later, a substantial amount of
TCDD (estimated at 1.3 kg) [9,10].

In the close vicinity of the plant (an area
downwind later designated as zone A) signs
of environmental contamination affecting
birds, other animals and vegetables were ob-
served within three days, but the presence of
TCDD was suspected only a week after the
incident and a further nine days passed be-
fore the evacuation of zone A (735 resi-

dents) began. Studies conducted in zone A
later revealed that soil had been heavily con-
taminated with TCDD [5] with mean soil le-
vels ranging from 15.5 to 580 µg/m2.

The acute health effects observed were
mainly mild forms of a skin disorder (chlor-
acne) appearing in a small segment of the
population. In general, the lesions healed
rapidly and completely. Hepatotoxicity, neur-
ological symptoms or disordered porphyrin
metabolism were not observed, even in
people that developed chloracne. The results
of epidemiological studies published in 1979
provided no proof of exposure-related effects
on, for example, pregnancy outcome, im-
mune response, occurrence of chromosomal
aberrations, functions of the nervous system,
haematological parameters, liver function,
morbidity or mortality [9]. Taking account
of the results of recent epidemiological
studies, which indicate that TCDD is a
(nongenotoxic) human carcinogen at high
doses [11], possible carcinogenic outcomes
cannot be ruled out and will obviously de-
pend on the TCDD dose. Owing to the long
latency period for such effects, and the lack
of adequate case–control studies (although
some are under way), more time will be
needed to assess the long-term health seque-
lae of the accident.

Despite the lack of dramatic health conse-
quences, this accident clearly demonstrated
how delay in both recognizing the severity
and chemical nature of an incident and re-
sponding fully to it may result in continued
exposure of the population to toxic chemi-
cals released into the environment.

Prevention and mitigation

As long as chemicals are manufactured,
transported, stored, used or reprocessed, the
risk of accidents will continue. Recognizing
the necessity of appropriate measures to
control industrial accidents, some govern-
ments have established national and/or re-
gional plans for accident prevention and
emergency response. After the Seveso acci-
dent, an EC directive was issued to ensure
that measures would be taken to reduce the
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risk of accidents involving hazardous chemi-
cals; it is often called the Seveso Directive
[12].

Although, according to OECD statistics,
the probability of a member of the general
population being killed in an accident invol-
ving hazardous substances is lower than the
probability of being struck by lightning, the
direct impact of a major chemical accident
on both human health and the environment
may be considerable. Taking all necessary
measures to prevent chemical accidents is
therefore essential; this is the most effective
strategy for control [5,13–15]. In addition,
preparedness programmes must be available
to prevent and mitigate the effects on health
of any accidents that occur [3,13,15]. Essen-
tial elements in emergency response include:

• rapidly identifying the chemicals involved;
• assessing the potential scale of the conse-

quences (including important pathways
for exposure, the number of people likely
to be exposed and the risks to their
health); and

• providing information and advice to the
public.

Effective and rapid response is essential and
requires overall control of all actions taken
by responsible individuals and authorities.
Finally, in the post-emergency phase, ad-
equate rehabilitation measures for human
health and the environment must be taken
[16] and, where appropriate, follow-up ar-
ranged for affected populations so that any
long-term effects on health can be investi-
gated.

16.2.2 Radiation accidents

Despite being rare events, nuclear accidents
arouse great concern in the public and re-
ceive considerable attention from the mass
media, owing to the serious and long-term
implications of major accidents. Other rea-
sons for this concern, however, are probably
due to the fact that people cannot sense radi-
ation, and that they tend to view a nuclear
accident as similar to the explosion of a nu-

clear bomb. Nuclear accidents may affect a
variety of installations such as power
stations, reprocessing plants, medical facil-
ities and research institutions. The main en-
vironmental health hazards are related to
long-term exposure, the risks of which are
discussed in more detail in Chapter 12.

Origin and hazards

Accidents to nuclear facilities usually involve
explosions and/or fires; were it not for the
subsequent uncontrolled release of radionu-
clides to the environment, these would have
little health impact except on the people im-
mediately involved, such as workers and fire-
fighters. The persistence of radionuclides in
the environment, their contamination of the
food-chain, and their uptake and retention
(and sometimes concentration) in particular
human tissues, however, result in a threat to
the health of the exposed population. Of par-
ticular note are strontium-89 and -90, cae-
sium-134 and -137, iodine-131, -132, -133 and
-135, tellurium-132 and the actinides, par-
ticularly the isotopes of americium, pluto-
nium and curium.

With the exception of iodine and telluri-
um, each of the nuclides has relatively long-
lived and persistent isotopes. Iodine isotopes
are damaging because of their affinity for the
thyroid gland, where they concentrate to
yield very high doses; tellurium decays in the
bloodstream to yield an isotope of iodine.

Health effects

Widespread contamination of the environ-
ment leads to hazards from external expo-
sure to long-range radiation emanating from
ground deposits, and from internal irradi-
ation from nuclides ingested in food or in-
haled from resuspended nuclides. Certain
nuclides do not present a risk of internal ex-
posure, except perhaps to the lung, and
others such as the actinides do not present a
risk through external exposure. In addition
there is a risk, particularly to people close to
the site of an accident, of exposure to the
plume of radioactive material. Few generaliz-
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ations can be made; each accident has to be
treated as a separate case. Like chemical ac-
cidents, radiation accidents give rise to psy-
chological and physical symptoms related to
stress, particularly owing to fears about radi-
ation and uncertainty about the real risks as-
sociated with exposure. Chapter 12 discusses
the health effects of such accidents in greater
detail.

Major radiation accidents in
the European Region

This section discusses three major accidents
in the Region: those at Windscale, Kyshtym
and Chernobyl.

In 1957, part of the Windscale reactor in
Cumbria, United Kingdom, caught fire while
undergoing a procedure to anneal radiation
damage in the core. The reactor had been
shut down for a number of days before the
fire. The fire caused the release of volatile
fission products from the core. A filter
trapped much of the released radioactivity,
but a substantial amount of iodine isotopes
was released to the environment. The ma-
terial was carried in a south-easterly direc-
tion across the country, resulting in iodine
contamination of milk supplies over a large
area of the counties nearest to London, in
addition to Cumbria and the more immedi-
ate district to the south-east of Windscale.

Measurements in people living close to
the site revealed uptake of iodine by the thy-
roid gland in children. As a result, milk
supplies from an area surrounding the site of
the accident were discontinued and further
doses to the thyroid prevented. In London
and nearby counties, several million people
received very small radiation doses from
drinking milk produced in that region. No
adverse effects on health were detected.

Also in 1957, a container storing waste
from nuclear fuel reprocessing at a plant
near Kyshtym, in the USSR, exploded as the
result of a failure of the cooling system. This
led to the dispersal to the atmosphere of a
large quantity of fission products producing
a long (300-km), narrow trail of radioactive
contamination affecting a number of rural

populations in the region. Substantial areas
were evacuated within days or weeks of the
accident to limit doses to the population,
and some are still uninhabitable. The domi-
nant isotope was strontium-90. Further de-
tails of this accident are provided in Chapter
12.

In 1986, during testing prior to a shut-
down period for maintenance, part of the
Chernobyl reactor in the Ukraine, USSR, ex-
perienced a large chemical explosion that de-
stroyed the roof of the reactor building and
all the facilities to control the reactor. The
death toll among reactor operating staff and
firefighters was 30 in the first three months
after the accident. In the fire that followed,
substantial amounts of fission products were
released into the environment and were in-
itially blown in a north-westerly direction
across much of the southern part of the Bye-
lorussian SSR, Poland, the Lithuanian SSR
and Finland. The fire burned for ten days,
continuing to release radioactivity. Cherno-
byl-related fallout has been detected in al-
most all parts of the world, but potential
long-term health effects are probably con-
fined to the countries of the former USSR
closest to the accident site, namely Belarus
and part of the Russian Federation as well as
the northern part of Ukraine. An area 30 km
in radius is uninhabitable, and food pro-
duced from a much wider area is still under
surveillance.

An increase in thyroid cancer in children
in southern Belarus (see Chapter 12) is prob-
ably related to the initial passage of the
cloud containing high concentrations of iod-
ine isotopes. The duration of the event and
the fact that it occurred in an operating reac-
tor resulted in a very complex dosimetric
situation, particularly for the iodine isotopes;
some have very short half-lives and therefore
could not be measured after the accident.
Residual contamination is mainly of cae-
sium-137. The accident has created great
concern in the local population because of
health and psychosocial effects (in addition
to thyroid cancer in children) that are real al-
though not directly induced by radiation.
Long-term radiation-induced adverse health
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effects can be expected in the population liv-
ing close to the accident site. The fact that
measurable levels of environmental contami-
nation exist in areas at greater distances
from Chernobyl does not imply that an in-
crease above background rates of cancer can
necessarily be detected.

Prevention and mitigation

Accidents in nuclear installations, while
rare, may result in releases of radioactivity
into the environment. In most cases radioac-
tivity will be released into the atmosphere,
but releases into water may also be en-
countered. As with chemical accidents, em-
phasis should be placed on prevention (see
Chapter 12) but it is also necessary to de-
velop the capability to deal effectively with
any accident that may occur. This ability to
respond requires methods for the rapid as-
sessment of the nature and scale of the acci-
dent, and potential environmental health ef-
fects, along with planned measures for the
rapid mitigation of effects through such
means as the sheltering or evacuation of the
population and the control of food. In addi-
tion to such contingency plans, an appropri-
ate information policy and the capability to
implement effective remedial measures need
to be developed. The transboundary nature
of nuclear accidents necessitates cooper-
ation among governments.

16.2.3 Accidents affecting food and
drinking-water

Accidents and the food-chain

Because the quality of food reflects the envi-
ronmental conditions under which it was
grown or produced, handled (processed,
packed, transported, delivered and prepared)
and eaten, any release of potentially hazard-
ous agents such as bacteria, viruses, toxins,
chemicals and radionuclides can adversely
affect the food-chain and thus the health of
consumers. The release of any potentially

hazardous agent to air, soil or surface water
may result in direct (through deposition on
plant surfaces) or indirect (through incor-
poration into food plants or ingestion by live-
stock) contamination of food. The inten-
tional adulteration of food presents a special
problem not only with controlling the action
but also because of the potential for causing
widespread health effects if the commodity
is sold in a number of countries.

Possible health effects

In principle, any accident or emergency af-
fecting the food-chain may have acute or
long-term adverse effects on human health,
such as intoxications and infections. The out-
comes of such emergencies range from no ef-
fects being observed to severe effects of con-
siderable magnitude, depending on the
agents or organisms involved, the number of
people affected, and the response mounted
and containment measures taken.

Major food-related accidents
in the European Region

Some of the accidents and emergencies af-
fecting the food-chain in the Region have
had significant implications for human
health and/or environmental integrity. Four
such incidents are discussed.

First, a new foodborne disease broke out
in epidemic proportions in Spain in May
1991. The disease, which came to be called
toxic oil syndrome, developed in people who
consumed adulterated rape-seed oil sold as
cooking oil. The syndrome affected more
than 20000 people, several hundred of
whom died within the first year. To date,
most of those affected continue to display
symptoms affecting the nervous and respir-
atory systems, liver and skin to varying de-
grees, and more than 800 have died. Investi-
gations continue; the etiology is not yet fully
understood. Apparently, the intentional adul-
teration of the oil to maximize the profits of
a few people was behind this catastrophe
[17].

Second, the adulteration of wine and alco-
holic drinks with methyl alcohol has often
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been observed. Among the more recent inci-
dents was one documented in Italy in which
methyl alcohol was intentionally added to an
alcoholic drink, causing a number of deaths.
In Albania, some people died and many had
to be admitted to hospital after consuming
drinks adulterated with methyl alcohol.

Third, a fire broke out in a warehouse be-
longing to the Sandoz chemicals company at
Schweizerhalle near Basle, Switzerland, in
1986. The fire spread rapidly, threatening
nearby buildings in which large amounts of
highly inflammable liquids were stored.
Water used to extinguish the fire became
contaminated with pesticides and other
chemicals and flowed into the river Rhine,
killing fish and other aquatic life. Health ef-
fects were avoided because the responsible
authorities took immediate measures to con-
trol water supplies, fisheries and food, and
information was rapidly made available to
the public.

Fourth, the Chernobyl accident, which is
described above and in Chapter 12, had seri-
ous effects on the food-chain throughout the
Region. Directly after the accident, the levels
of radioactivity were markedly elevated in
several food items of both vegetable and ani-
mal origin in some areas of central Europe.
Levels of radionuclide contamination of cer-
tain foods in some parts of the Region are
still high enough to prohibit consumption.
For example, the consumption of reindeer
meat is still considered unsafe in some areas
of northern countries. The confusion of
authorities responsible for food safety during
the first days after the accident clearly dem-
onstrated the need for effective rapid alert
systems and coordinated action, in order to
avoid overreaction but to recognize real
risks.

Prevention and mitigation

Accidents affecting the food-chain will occur
as long as human beings handle hazardous
substances. The responsible authorities at all
levels must take proper measures both to
prevent and to respond effectively to such ac-
cidents. Events have demonstrated that ad-

equate information is one of the most im-
portant factors in avoiding adverse health ef-
fects due to food contamination. Special at-
tention should therefore be paid to measures
to improve communication and the flow of
information.

Data on hazardous compounds or organ-
isms and on accidents that have occurred
should be compiled and made available to
authorities involved in accident prevention
and/or response. Where plans are not yet in
place for dealing with food contamination
due to technological accidents, these should
be developed. Such plans should clearly
characterize the type of information needed
at any stage of an emergency, and clearly de-
fine the channels of communication. To en-
sure an adequate and timely response (for
example, by preventing the ingestion of poss-
ibly contaminated foodstuffs) early warning
systems to initiate the action required should
be established. The education and training of
both professionals participating in the re-
sponse and the general public will ensure a
controlled and adequate response to an
emergency. The public needs adequate in-
formation to avoid both underestimating ac-
tual risk and overreacting to the contami-
nation of foodstuffs following accidents and
emergencies. The extent to which such ar-
rangements are in place throughout the
WHO European Region is not yet known;
countries are thought to differ considerably.

Finally, the intentional adulteration of
foods and drinks must be prevented. Con-
taining such criminal acts requires not only
action at the national level but also cooper-
ation among governments. Such action
should cover both control systems to detect
intentional adulteration and deterrent
measures.

Accidents and drinking-water

The main source of raw water for drinking is
fresh surface water or groundwater. Acci-
dents affecting drinking-water may result
from the release or spillage of hazardous ma-
terials to surface water or groundwater, or
may occur in a treatment plant or distribu-
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tion system. Lack of maintenance of plants
or distribution systems may be the precursor
of the accidental pollution of drinking-water
supplies.

Accidents leading to the pollution of sur-
face water used for drinking occur most fre-
quently during industrial, agricultural and
transport activities. The polluting agent may
be discharged in the handling of the agent or
of its “carrier”. The accident at Schweizer-
halle, when water from fire extinguishers
was not handled properly, provides an
example of the latter.

Transboundary movement is a feature of
growing importance in such accidents; the
accident at Schweizerhalle, for example, af-
fected four countries: France, Germany, the
Netherlands and Switzerland. The situation
in Hungary also shows the importance of
this factor. In 1989, 27 of the 213 accidental
water pollution incidents that affected Hun-
gary arose in other countries. In addition the
Budapest waterworks – treating surface
water from the Danube with a capacity of
200000 m3 per day – has had to be closed
down several times in the last 10 years be-
cause of deterioration in water quality
caused by accidental pollution.

In general, accidental pollution of ground-
water used for drinking arises in a different
way. The most serious sources of pollution
are unprotected landfills, particularly those
containing hazardous waste. (The pollution
of groundwater due to seepage of nitrates
and pesticides from agricultural land is not
considered accidental.) Nearly all the haz-
ardous waste landfills throughout the Region
pollute groundwater, since extremely few – if
any – have been constructed to avoid the
seepage of leachate. This has not, however,
resulted in drinking-water supply emergen-
cies affecting human health, although it may
have led to abandonment of the use of
groundwater sources. Chapter 8 considers
this problem in more detail.

Accidents in treatment plants may occur
in chemical treatment (such as coagulation
and chlorination) or result from damage to
equipment (such as pumps and filters) in the
plant. Such an accident occurred at a water

treatment plant at Camelford, United King-
dom in 1988, when about 20 tonnes of con-
centrated aluminium sulfate was delivered
into the wrong tank. This gave a foul taste to
the water. The people who drank sufficient
water developed acute gastrointestinal symp-
toms, which were attributed to copper toxic-
ity due to mobilization from copper water
pipes as a result of the acidity of the water
supply. Public anxiety about prolonged or de-
layed toxic effects was considerable, and
many complaints were made of subsequent
ill-health. Investigation did not establish any
relationship between the symptoms and in-
gestion of polluted drinking-water [18].

Leakage creates the most serious emergen-
cies in the distribution system. It may result
from lack of maintenance or from direct
damage to drinking-water pipelines, which
can take place during construction work, for
example. Practically all drinking-water dis-
tribution systems leak. Apart from the waste
of resources, leakage may also cause adverse
health effects, as drinking-water can become
polluted, for example, with chemicals pres-
ent in soil, or microorganisms from adjacent
sewage systems (see Chapter 6).

Accidents or emergencies caused by war
or civil unrest and that affect drinking-water
quality and human health are causing seri-
ous concern in the Region. In such cases,
pollution of drinking-water may result from
the destruction of or damage to water treat-
ment plants or distribution systems, or from
insufficient treatment due to a lack of chlor-
ine or coagulants.

Possible health effects

Polluted drinking-water may have different
types of adverse health effect, depending on
the nature and the amount of the pollu-
tant(s) involved. Microbial contamination
resulting in acute outbreaks of infectious dis-
ease is usually readily detected, and the
causal relationship with water contami-
nation established. Similarly, the concen-
tration of a chemical pollutant may be suffi-
cient for acute toxic symptoms to result in
people drinking the water. Possible long-
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term effects, however, either as a sequel to
acute exposure or as a result of continuing
exposure to lower levels of chemical con-
tamination, are more difficult to ascertain.
This problem is common to all assessments
of environmental effects on health and is dis-
cussed more fully in other chapters.

Major water-related accidents
in the European Region

Accidents leading to the pollution of the
rivers Rhine and Danube have already been
mentioned. Neither reportedly had any di-
rect adverse health effect; such accidents are
usually detected quickly, and the distribution
of drinking-water from polluted sources
avoided.

Countries were asked to provide in-
formation on emergencies related to drink-
ing-water as part of the data for use in this re-
port.a Five countries provided information
on incidents that led to infections with hepa-
titis A and Norwalk viruses, salmonellosis
and shigellosis and a large number of uniden-
tified types of gastroenteritis. The most fre-
quent causes of such incidents were sewage
contamination, flooding and heavy rains, or
lack of adequate chlorination.

The lack of further information from
countries may be due to the lack of a central
database and/or inadequate reporting;  this
does not imply, however, that such accidents
seldom occur.

Prevention and mitigation

Although drinking-water pollution due to ac-
cidents affecting surface water resources can-
not be completely prevented, action should
be taken to minimize the possible health ef-
fects. Such action requires the development
of methods for monitoring and predicting
the possible consequences of any detected
pollution. Early warning systems will allow
immediate and adequate responses to such
incidents. Such systems have already been
established on the Rhine, the Hungarian

a Data supplied in country responses to the Con-
cern for Europe’s Tomorrow protocol.

stretch of the Danube, and the river Dee in
the United Kingdom. Plans for response
should include arrangements for the use of
alternative sources of drinking-water if inter-
ruption of supplies is likely to persist, and for
an effective public information network.

The further development and use of tech-
nology for emergency treatment will permit
appropriate responses to acute water pollu-
tion events. This technology includes pro-
cesses such as aeration (the removal of vol-
atile substances), solid/liquid phase separ-
ation (the removal of solids or solidified sub-
stances by precipitation), adsorption (the re-
moval of most organic and some inorganic
constituents) or a sequential combination of
such methods. In addition, major efforts
should be directed towards improving the
maintenance and operation of treatment
plants and drinking-water distribution net-
works in order to prevent accidental con-
tamination.

Accidents affecting individuals include traf-
fic accidents that do not relate to the trans-
port of dangerous goods (which are con-
sidered to have a potential impact on a larger
proportion of the public) and accidental poi-
soning. Domestic and occupational acci-
dents also belong to this category; they are
discussed in Chapters 14 and 15, respect-
ively.

16.3.1 Traffic accidents

In the European Region today, transport is
an important part of the economy. It signifi-
cantly affects the lifestyles and everyday ac-
tivities of the population. One of the adverse
outcomes of the intensive movement of
people and materials is traffic accidents.
They occur on roads, railways and water, and
in the air. They may affect health directly,

16.3 Accidents Affecting
Individuals
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through the death and injury of the people
involved, or indirectly through spills and
leaks of toxic or other harmful substances to
the environment and the contamination of
air, water or soil. The latter have similar ef-
fects to those of spills and leaks from station-
ary sources, which were discussed earlier.
The important difference is that the risk is
distributed along transport routes, and not
centred on a well defined point source for
which specific potential hazards can be
identified and appropriate response
measures planned. In the case of transport
accidents involving spills, not only may the
population at risk be relatively large and
scattered over a wide area, but the type of
hazard may be less predictable or even diffi-
cult to identify after an accident has hap-
pened. The probability that such an accident
will occur is distributed over a large area.

Mortality statistics can be used to measure
the impact on health of traffic accidents. As
with other health issues, these data relate
solely to the most severe cases and provide
only a rough indication of the total burden
on the population. Nevertheless, mortality
data are the only type of information about
the health outcome of accidents that is col-
lected in a similar way in most countries of
the Region.

As a result of all road, water and air traffic
accidents, over 155000 people or 21 per
100 000 population died each year in the Re-
gion at the end of the 1980s; mortality
ranged from 10 to 30 per 100000. On aver-
age, road traffic accidents accounted for
nearly 90% of these deaths, their share of the
total ranging from about 60% in Iceland and
65% in Norway to over 95% in several south-
ern European countries.

Death and injury due to accidents

Many countries collect information on the
occurrence of road traffic accidents invol-
ving injury and on the number of people in-
jured, and data from 25 of these are included
in the health for all database of the WHO
Regional Office for Europe. The United
Nations Economic Commission for Europe

is an important source of additional in-
formation [19]. Countries register road acci-
dents in different ways. OECD has its Inter-
national Road Traffic and Accident Data-
base on which the mortality information
from member countries is adjusted to fit a
uniform definition, which includes death oc-
curring within 30 days after an accident.
These adjusted data are used below. Coun-
tries not belonging to OECD, however, may
register accidents in a different way, which
may have implications for the following
analysis.

According to the available data, over 1.72
million road traffic accidents involving in-
jury, or 230 per 100000, occurred annually
in the Region at the end of the 1980s. The
rate varied among countries, ranging from
72 per 100000 in Bulgaria to 634 per
100000 in Belgium. In several countries with
relatively high rates, registered accidents de-
clined significantly between 1980 and 1989,
particularly in France (from 448 to 289) and
the Federal Republic of Germany (from 616
to 438). No improvement was seen in Aus-
tria, Belgium or the United Kingdom, where
the rates of registered accidents remain
higher than in the other countries of the Re-
gion.

The number of people injured exceeded
the number of accidents by an average of
25%. The highest ratios, between 1.45 and
1.51, were reported from France, Greece and
Ireland. In several countries, however, the re-
ported number of accidents equalled the
number of people injured.

Road traffic accidents caused 13.9 deaths
per 100000 in the Region in 1990. Fatal ac-
cidents were three times more frequent in
males than in females. The total age-adjusted
mortality rates ranged from around 9 per
100000 in Iceland, the Netherlands, Nor-
way, Sweden and the United Kingdom to
23–24 in Hungary and Poland and 27 in Por-
tugal. Road traffic accidents accounted for
1–3% of all deaths. The age distribution of
the victims of road traffic accidents is very
different from that of adults dying from natu-
ral causes. In the latter group, the mortality
rates increase rapidly with age, but the mor-
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tality rates for road traffic accidents are simi-
lar in all groups of people over 15 years of
age. This results in very high proportional
mortality due to road traffic accidents: 19%
in males aged 15–44 years in the European
OECD countries.

Over the last 10 years, this mortality has
steadily decreased in western Europe;  the
most rapid drop was seen in Luxembourg
(from 28 to 17 per 100 000) and the Federal
Republic of Germany (18 to 11). In eastern
Europe and the USSR, rates were stable or
declining up till 1986–1987, but rose at the
end of the 1980s. The most rapid change oc-
curred in Hungary (from 16 to 24 deaths per
100 000) starting in 1989. The same pattern
occurred in Poland and, to a lesser extent, in
Bulgaria and Czechoslovakia. A similar pat-
tern of change was observed in all age
groups.

The four countries with the highest mor-
tality rates also had the lowest number of
motor vehicles registered per 1000 popu-
lation, and thus the highest numbers of
deaths per 100 000 motor vehicles at the end
of the 1980s: 82 in Greece, 91 in Poland, 108
in Hungary and 117 in Portugal. The figures
for the remaining countries with data ranged
from 13 deaths per 100000 vehicles in Nor-
way to 47 in Ireland.

Accidents in built-up areas accounted for
an important proportion of deaths (from
17% in Spain to 56–57% in Poland and Yu-
goslavia) and injuries (from 48% in Spain to
72% in Cyprus and Poland, and over 60% in
many other countries).

The most frequent victims of road acci-
dents were drivers and passengers in per-
sonal cars: they comprised 33% of all deaths
(from 25% in the Byelorussian SSR and the
RSFSRa to 61–70% in Luxembourg and
Sweden) and 50% of injuries. Pedestrians
comprised 30% of those killed (from 10% in
the Netherlands to 41% in Poland) and 17%
of those injured. In countries where bicycle
use is very common, cyclists were relatively
frequent victims of accidents. They com-

a The Russian Soviet Federal Socialist Republic,
now the Russian Federation.

prised 22% of people killed and 24% of
those injured in the Netherlands and 17%
and 23%, respectively, in Denmark. On aver-
age, however, cyclists constituted 5% of
people killed and 8% of those injured in road
accidents.

At the end of the 1980s, the fatality rate
from road traffic accidents, that is, the
number of deaths per 1000 people injured in
such accidents, ranged from 16–23 in Bel-
gium, the Federal Republic of Germany and
the United Kingdom to 230 in Bulgaria and
the USSR. The analysis of fatality rates indi-
cates that pedestrians suffer the most serious
injuries. On average, 110 people died per
1000 reported injured; this figure ranged
from 29 in the United Kingdom to 162 in Po-
land and 282 in Bulgaria.

The fatality rate for motorcyclists was 85
per 1000 injured (ranging from 20–24 in the
United Kingdom and the Federal Republic
of Germany to 123 in Poland and 213 in Bul-
garia). The rate for users of personal cars
was 41 per 1000 injured (ranging from 13–16
in the United Kingdom and the Federal Re-
public of Germany to 221 in Bulgaria). The
differences between countries should be in-
terpreted with caution, owing to possible dif-
ferences in reporting.

Driving while under the influence of alco-
hol is an obvious risk factor for traffic acci-
dents. It is estimated that, in relation to
people with no alcohol in their blood, the
risk of an accident doubles for drivers with
0.5 g/litre of alcohol in their blood, and in-
creases almost tenfold in people with a level
of 0.8 g/litre [20]. The available data on the
frequency of alcohol-related accidents are
not reliable, however, owing to differences in
registration systems and legal consequences.
This is illustrated by the diversity of the re-
ported rates of accidents involving alcohol,
which varied from 0.4 per 100 000 popu-
lation in Italy to 304 per 100 000 in France.

Economic effects

Traffic accidents, and road traffic accidents
in particular, lay a significant burden on so-
cieties in the Region, including acute and
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chronic impairment of health, increased
workload for the health services, and major
economic consequences. The latter are due
not only to the material damage caused but
also to the cost of treatment immediately
after an accident and, in many cases,
throughout the remaining life of disabled vic-
tims. Economic consequences are intensi-
fied by the fact that the frequency of acci-
dents is much higher among young and
middle-aged people than others. This re-
stricts the contribution of the most active
members of society to social and economic
activities. The data available illustrate only a
part of this burden. Most countries do not
register temporary or permanent disability.

Prevention and mitigation

The underregistration of non-fatal injuries
may bias the accident incidence and fatality
rates. This is less likely for mortality stat-
istics. The pattern of mortality rates, as well
as mortality per vehicle, indicates that im-
provement in both the safety of road traffic
and the quality and effectiveness of care pro-
vided to the injured are badly needed in the
CCEE, the NIS and several southern coun-
tries of the Region. A rapid increase in road
traffic, if not associated with appropriate ac-
cident prevention measures, results in a
sharp increase in the number of casualties,
as indicated by the trends observed in sev-
eral of the CCEE in recent years. In addi-
tion, the experience of other countries sug-
gests that the maximum mortality from road
accidents occurs 10 years after a rapid in-
crease in traffic volume [21]. This means
that a certain time of adjustment or learning
was necessary in these countries. Assuming
that the same process takes place in the
CCEE and NIS, an acceleration of the ad-
justment and learning process could reduce
the severe health effects of increasing traffic.
This requires an anticipatory, not a reactive,
approach to improvements in road traffic
policy. Important improvements include
modifications in traffic systems (such as the
development and maintenance of a motor-
way network, including the building of ring

roads around cities, towns and villages) and
the upgrading of public transport [22].

Analyses of data from selected countries
can show the feasibility of improving traffic
safety with regulatory or organizational
measures. For example, the number of car
users killed or seriously injured in the United
Kingdom fell 20% after the introduction of
the compulsory use of seat belts by drivers
and front seat passengers in 1983 [23]. The
rate of seat belt use increased from 40% to
95% following the introduction of the law.
The introduction of random testing of alco-
hol consumption by drivers in Australia was
also correlated with a sharp decrease in the
frequency of fatal accidents [20]. Other
measures for preventing or mitigating the ef-
fects of road traffic accidents, which may not
be uniformly used in all countries of the Re-
gion, include regular tests for drivers (with
restrictions related to age and disability), the
regular testing of old cars, strict enforcement
of speed limits, and educational measures.
The cost-effectiveness of this type of preven-
tion is evident. Relevant environmental fac-
tors include the design and maintenance of
roads and motorways, the separation of pe-
destrians and cyclists from motor vehicles
on the road, control of traffic density and
road use planning. In countries with a well
developed road infrastructure and low mor-
tality rates from traffic accidents, the avail-
ability of advanced trauma care was found to
be an important predictor of survival by the
accident victims [24]. Ideally, measures to
prevent accidents and injuries should pre-
cede costly medical treatment measures but
these are, nevertheless, necessary to save
lives if the former fail or are insufficient.

16.3.2 Accidental poisoning

Acute poisoning is a matter of public con-
cern, particularly because chemicals have be-
come an indispensable part of modern life.
The use of chemicals in the household, for
hobbies and at work has increased, leading
to a higher probability of exposure that may
result in poisoning. Children are those most
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vulnerable to accidental poisoning, but
adults may also ingest toxic compounds by
mistake (as a consequence of mislabelling,
for example) or be exposed to volatile sol-
vents as a result of using large amounts of
certain sprays, such as those for leather im-
pregnation, in unventilated rooms.

Health effects

The frequency of non-fatal acute poisoning is
difficult to estimate, because of the lack of
adequate reporting systems. Deaths due to
accidental poisoning, by contrast, are usually
subject to reporting, and can therefore be
more readily assessed. Such deaths have
shown a slight tendency to increase in recent
years in most parts of the world, but in gen-
eral suicidal intoxication predominates. Ac-
cidental poisoning in domestic and occupa-

tional environments probably comprises
some 25% of the total of cases of acute poi-
soning.

In the European Region, data were avail-
able on mortality due to accidental poison-
ing in 25 countries (Table 16.2). In males,
mortality due to acute accidental intoxi-
cation was mostly below 5 per 100 000 popu-
lation, although higher rates were observed
in Bulgaria, Finland, Iceland, Poland and the
USSR. In females, deaths due to accidental
poisoning ranged from 0.1 per 100 000 in
the Federal Republic of Germany, Israel and
the Netherlands to 3.6 in Finland; the excep-
tion was the USSR, where the rate reached
6.5 per 100 000. These numbers have to be
treated with caution, as countries differ in
their definitions and reporting of accidental
poisoning. In addition, it is difficult to esti-
mate the total number of cases of accidental

Table 16.2: Average mortality rates due to accidental poisoning in 25 countries of the WHO European Region
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intoxication on the basis of mortality rates,
because of differences among countries in
their capability to respond to poisoning.

Prevention and mitigation

Accidental poisoning can be prevented. The
most important primary measure is the
provision of adequate information and edu-
cation to enable people to avoid hazardous
situations. Other primary measures include
the identification and assessment of high-
risk circumstances and susceptible popu-
lation groups, legislation to allow the market-
ing of only those compounds whose basic
toxicological properties are known, correct
labelling of toxic materials, the use of child-
resistant containers for the storage of haz-
ardous materials at home, the use of protec-
tive equipment and measures in the work-
place and of adequate inspection pro-
cedures, and activities to increase awareness
by both the workforce and the general public
[14]. Secondary measures include prepared-
ness for and provision of appropriate first-
aid treatment (such as decontamination and
antidote therapy) and hospital treatment of
poisoning victims [14].

To minimize risks from accidental intoxi-
cation, programmes to prevent and respond
to poisoning by chemicals need to be devel-
oped and put in place. In this respect, poison
control centres play an essential role, mainly
by providing antidote therapy 24 hours a day
and specific information and advice on any
chemical involved in a poisoning incident.
The centres may also work in the fields of
toxicovigilance, antidote evaluation and
training, and in planning and providing
necessary information for response to major
chemical accidents [14,25].

Both man-made and natural disasters will
continue to occur, despite the possible exist-
ence of foolproof systems to control techno-

16.4 Trends

logical hazards. While technological im-
provements to safety systems may be ex-
pected to continue, along with the necessary
professional training, protection of the en-
vironment and health will continue to
require preparedness for and response to
emergencies. A state of preparedness for
dealing with technological emergencies
strongly reinforces preparedness for natural
disasters and vice versa. Thus, the activities
related to the present International Decade
for Natural Disaster Reduction can be ex-
pected to enhance preparedness for respond-
ing to technological disasters, particularly in-
ternational cooperation to prevent and con-
trol their transboundary consequences.

In theory, both technological accidents with
large-scale environmental effects on public
health and accidents affecting individuals
can be prevented; in practice, they continue
to cause enormous health and economic
costs to society. Environmental factors may
be important in the causation of some acci-
dents in both categories, and need to be
taken into account in developing improved
strategies for accident prevention.

Risk assessment and measures to reduce
the probability of technological accidents
should be inherent in the design, siting, con-
struction and operating procedures for any
hazardous installation [15] as well as the
transport, storage and use of hazardous ma-
terials. Risk assessment methodology needs
further development to permit the adoption
of appropriate management measures.

Measures to prevent technological acci-
dents should include legislation, technologi-
cal development, maintenance and control
procedures, and training.

Contingency planning is a major element
of accident preparedness. It should deal with
all aspects of emergency response, including:

• the rapid provision of information needed
for accident assessment;

16.5 Conclusions
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• plans for decontamination, food and water
controls, evacuation and rehabilitation;
and

• communication with the mass media and
the public.

Both professionals involved with and the
general population living near hazardous in-
stallations need to be informed about the po-
tential hazards and trained to deal with
emergencies.

The establishment of early warning sys-
tems is of particular importance for mitigat-
ing the transboundary effects of major acci-
dents, and coordinated action is required for
the adoption of effective controls.

The situation is different with traffic acci-
dents in general, and road traffic accidents
in particular. They are a continuing reality in
all countries of the European Region, killing
over 350 people and injuring over 6000 each
day. To some extent, accidents are related to
such a lack of adequate training of drivers
and other road users, as well as to human
error or negligence (including the combi-
nation of alcohol drinking with driving).
Proper education and information of the
public are needed to improve this situation.
Nevertheless, a crucial factor in determining
the frequency and severity of accidents is the
state of development of traffic systems and
infrastructures: the quality of roads, the or-
ganization of traffic, the technical condition
of vehicles, the adequacy of legislation and
enforcement measures, and the availability
of public transport. All these elements can
be considered environmental. Secondary
prevention – the improvement of the ser-
vices available to care for accident victims –
cannot replace the improvement of the en-
vironment to prevent or reduce the severity
of road traffic accidents.

The prevention of accidental poisoning
requires the collection and dissemination of
adequate toxicological information, the
adoption of measures to reduce the risk of
exposure to chemicals, and the provision of
appropriate means of protecting vulnerable
population groups. Preparedness for and re-
sponse to chemical intoxication require the

availability of information, trained personnel
and adequate therapeutic measures. Poison
control programmes, with poison control
centres as an essential and integral part,
need to be put in place.
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Of the 50 Member States of the WHO Euro-
pean Region, 22 did not have a national
focal point participating in the development
of the Concern for Europe’s Tomorrow pro-
ject when the environmental health proto-
cols were distributed. Of these 22 countries,
the following 20 have now provided in-
formation: Armenia, Azerbaijan, Belarus,
Croatia, the Czech Republic, Estonia, Geor-
gia, Kazakhstan, Kyrgyzstan, Latvia, Lithua-
nia, the Republic of Moldova, the Russian
Federation, Slovakia, Slovenia, Tajikistan,
The Former Yugoslav Republic of Macedo-
nia, Turkmenistan, Ukraine and Uzbekistan.

The information from these 20 countries
was received too late for integration into the
body of this report, although data on some
issues in the countries (such as the environ-
mental hazards to health resulting from the
Chernobyl accident) were available from
other sources and could be included in the
appropriate chapters. This separate chapter
summarizes the information provided by the
20 new Member States. It is based on the re-
ports that they made to WHO, and the re-
sulting text was submitted to them. The refer-

17.1 Introduction
ences therefore reflect only published
sources and WHO documents.

17.1.1 Data limitations

Using the data collected involved dealing
with problems similar to those described
elsewhere in this report. A common problem
is the lack of comprehensive and comparable
environmental monitoring data. Here, there
are additional difficulties. It was not possible
in the time available to obtain information
comparable to that from the original Con-
cern for Europe’s Tomorrow protocol, and
none of these recent data has been verified.
Furthermore, the sheer size of the Russian
Federation, for instance, or the inaccessibil-
ity of parts of Tajikistan create obvious prob-
lems for the acquisition of adequate data, in
both quantitative and qualitative terms. In
addition, much of the data was presented in
a way that limits comparison on a regional
basis: little exposure information was ex-
pressed in µg/m3 or litres, but data on
emissions or discharges and situations where
maximum permissible concentrations are ex-
ceeded are provided, sometimes without an
indication of the degree by which they were
exceeded. The maximum permissible con-
centrations tend to be more restrictive than
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those specified by European Union direc-
tives or recommended in WHO guidelines.
While systematic comparisons may be diffi-
cult, information provided clearly indicates
the deleterious impact of human activities
on the environment and the likely adverse ef-
fects on health in many of these 20 coun-
tries.

Lack of exposure–effect data is another
common problem throughout the Region.
Many associations between environmental
pollution and mortality or morbidity are de-
scribed, sometimes with recognition of the
possible importance of other factors, such as
lifestyle and nutritional and socioeconomic
status, as determinants of health. Sometimes
a causal relationship is inferred between
“pollution” and health detriment that lacks
both specificity and plausibility. Obviously,
lack of firm evidence of a causal relationship
does not mean that it does not exist, and ac-
tion to mitigate pollution at levels likely to af-
fect health should not depend on its demon-
stration. Nevertheless, more work is needed
to show that specific exposures to particular
agents are producing particular adverse ef-
fects on health.

In addition to the information provided by
the 20 countries, use has been made of the
“highlights on health” issued by the WHO
Regional Office for Europe, the national in-
tegrated programmes on environment and
health of the WHO European Centre for En-
vironment and Health at Bilthoven, the Envi-
ronmental Action Programme for Central
and Eastern Europe of the United Nations
Economic Commission for Europe, and
other national and international sources.

Tables 17.1, 17.2 and 17.3 summarize in-
formation on a country-by-country basis.
Table 17.1 covers basic information on
country size, population, life expectancy and
gross national product (GNP) and purchas-

17.2 State of the Environment
and Health

ing power parity (PPP) per head, using data
from the World Bank [1,2], the United
Nations Development Programme [3] and
country reports. Vast differences clearly exist
among countries. GNP tends to be signifi-
cantly lower in the CCEE and NIS than in
other countries of the Region (see Chapter
1, Table 1.2) and can be correlated in general
terms with lower life expectancy. Economic
stability, as reflected in GNP and PPP, is of
primary importance for tackling environ-
mental health problems.

Table 17.2 summarizes prevailing environ-
mental pollution conditions and the main
economic activities in the 20 countries. It is
most important to note that the categoriz-
ation of the severity of conditions cannot be
used as a basis for comparisons between
countries, nor as an indication of where
priorities for any international action might
lie. The data provided are not directly com-
parable. Furthermore, the categorization
does not take into account the number of
people exposed or the severity of the effect
on health. Rather, these categories are an at-
tempt to reflect the relative importance at-
tached by individual countries to different
environmental problems. The immediate ef-
fects of transition have been the closure of
many uneconomic industries and therefore a
decrease in levels of environmental pollu-
tion. Thus, the information provided by indi-
vidual countries and presented below may
sometimes no longer be correct as to details.
Despite such temporary “improvements” ef-
fected by economic recession, however, the
underlying problems remain to be solved.

Table 17.3 lists the resulting national as-
sessments of priority environmental health
issues, and notes any special situations that
exist.

The rest of the chapter discusses environ-
mental health in a manner similar to that
used in earlier chapters for the rest of the Re-
gion.

17.2.1 Air pollution

The main cause of air pollution in the CCEE
and NIS (see Tables 17.2 and 17.3) is the
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continuing use of obsolete and inefficient
coal-fired power and heavy industrial plants
that cannot readily be fitted with air and
waste treatment equipment. Where emission
control technology has been installed it was
primarily for reducing emissions of large par-
ticles, continuing to allow the release of gas-
eous compounds.

Current figures reveal that, although a
sharp decline in industrial production has
followed the economic difficulties of transi-
tion, there has been no matching decrease in
air pollution levels. For example, in 1992 in-
dustrial production in the Russian Feder-
ation declined by about 18% from that of
1991; emissions to the atmosphere from
stationary sources diminished by 11%, while
emissions from vehicles increased by 27%.
Levels of air pollution are high in many cities
and regions of the CCEE and NIS.

In the northern Bohemia region of the
Czech Republic, where low-grade coal is
used for power generation and metal

smelters predominate in industry, maximum
concentrations of SO2 (1-hour measure-
ments) may be as high as 2500 µg/m3 during
inversion periods, even though 150 µg/m3 is
the maximum permissible level. High con-
centrations of heavy metals are also present.
A correlation has been found between air
pollution and mortality and morbidity rates,
especially with regard to respiratory diseases
and allergies in children. Infant mortality
has particularly been correlated with levels
of suspended particulate matter.

In Skopje in The Former Yugoslav Repub-
lic of Macedonia there were two episodes be-
tween 1990 and 1993 of classical winter
smog due to pollution with sulfur dioxide
(SO2) and black smoke, which resulted in in-
creased mortality in elderly people with car-
diovascular and respiratory diseases.

North-eastern Estonia is a unique region
in which oil shale is extracted, processed and
burned in power plants, and thus experi-
ences high levels of SO2 and formaldehyde.

Table 17.1: Basic data on the CCEE and NIS
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Morbidity in children from respiratory dis-
eases, allergies and anaemia is higher in this
region than in other parts of the country.
Correlations with health detriment in adults,
especially pregnant women, have also been
suggested [5].

In Latvia, especially at centres of the
chemical industry in Ventspils and Olaine,
pollutants such as methanol, butanediol, tet-
rachloroethane, nitracetic acid, ammonia
(NH3), formaldehyde, phenol and
benzo[a]pyrene are released and not regu-
larly monitored. An increase in respiratory
disease and allergies, particularly in children,
has been reported in these polluted areas. So
have increases in gastric and gynaecological
disorders, and suppression of the immune
system [6].

At the major industrial centres of Novopo-
lotsk, Minsk, Mogilev and Mozyr in Belarus,
chemical plants pollute the air with carbon
disulfide, NH3, nitrogen dioxide (NO2), hy-
drogen sulfide, formaldehyde, phenols, dust,
SO2, carbon monoxide (CO), hydrocarbons
and benzo[a]pyrene. Studies in the region
have shown high levels of respiratory dis-
eases (including asthma), blood diseases and
eye conditions, and reports suggest that dis-
eases of the digestive system are higher in
these polluted areas than in the rest of the
country.

In the industrial centres of eastern Uk-
raine (such as the Donbas region and the
areas of Dnepropetrovsk, Krivoy and Rog)
high levels of air pollution with benzo[a]py-
rene, formaldehyde, phenols, NH3, hydrogen
fluoride (HF), chlorine, CO, SO2, lead and
mercury are caused by a combination of
emissions from coal and ore mining, metal-
lurgical and chemical plants, and power
stations. As a result of the recent decline in
heavy industry pollution is also declining, al-
though the consequences of long-term expo-
sure to high levels of air pollution are still re-
ported in the population. Blood diseases, al-
lergies (including dermatitis), respiratory
disease (including asthma), cardiovascular
diseases and cancer are between 20% and
60% more frequent in such polluted cities
than in other parts of Ukraine. Congenital

malformations and impairment of develop-
ment in children are also reported to be
higher.

At Baku and Sumgait in Azerbaijan,
where chemical, petrochemical and oil re-
finery industries are concentrated, the air is
polluted with soot, formaldehyde, NO2,
benzo[a]pyrene, sulfur, HF and dust. Signifi-
cantly higher levels of cancer, ischaemic
heart disease and diseases of the respiratory,
circulatory and digestive systems and the
skin have been reported in Baku than in
other areas. The incidence of cancer in-
creased from 85 per 100 000 population in
1985 to 127 per 100 000 in 1989. During the
last few years respiratory diseases and eye
and ear diseases among children have also
increased in Sumgait.

In the eastern region of Kazakhstan,
where the non-ferrous metal industry and
mining of coal and ores are the major econ-
omic activities, levels of air pollution are
high. The air is polluted with SO2, NO2,
phenols, formaldehyde, benzo[a]pyrene,
lead, beryllium and other heavy metals. Dur-
ing five years of observation (1986–1990)
morbidity increased by 58% in the whole
population of the region and by 21% in
children. The increased morbidity is re-
flected in respiratory diseases (including
asthma), mental impairment and iron defi-
ciency anaemia in children, and cardiovascu-
lar and cerebrovascular diseases, endocrine
disorders, asthma, gastrointestinal disease
and cancer in adults. There are 29 non-fer-
rous metal smelters in Kazakhstan, and
these are likely to give rise to similar air pol-
lution problems.

In the Russian Federation, poor air quality
is especially evident in the Archangelsk re-
gion in the north, in the Moscow region in
the centre, in all major industrial centres of
the Volga and Ural regions and in the major
cities of Siberia, where the high levels of air
pollution are aggravated by winter anticyc-
lones that prevent dispersion. In 1992, 171
cities recorded levels of one of more air pol-
lutants above the maximum permissible aver-
age annual concentrations. In 84 of those
cities, with a total population of 50 million,
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air pollution levels exceeded standards by
10 times or more. It is estimated that only
15% of the urban population of the country
breathes air that is considered not to pose a
hazard to health. Air pollution is estimated
to have caused a 20% increase in morbidity,
including lung cancer attributed to
benzo[a]pyrene, and respiratory and skin
diseases (including allergies) in children. In
addition, infant mortality has increased
owing to respiratory disease and infections.

In centres of ferrous metallurgy, such as
Magnitogorsk, Novokuznetsk, Nizhniy Tagil
and Lipetsk, the prevalent diseases are those
of the circulatory and digestive systems, ec-
zemas and eye conditions; the incidence of
these conditions is, on average, 20%–40%
higher than in relatively clean cities. Morbid-
ity levels have been correlated with pollu-
tants specific to metallurgy. There are about
70 cities with such metallurgy plants in the
Russian Federation.

In cities with petrochemical industries,
such as Sterlitamak, Yaroslavl, Ufa and Chai-
kovsky, the incidence of asthma in children
is 2–3 times higher and that of allergic dis-
eases (mainly dermatitis) is 1.5–2 times
higher than in regions free of air pollution.

In cities with biochemical plants, such as
Kirishi, Svetloyarsk, Angarsk, Shebekino
and Manturovo, where factories use oil
paraffins as a source of artificial albumen
production, the general morbidity of the
population has increased by a factor of 1.5–3
times and allergic diseases by a factor of up
to 12 times.

The scale of air pollution in the NIS, es-
pecially in the Russian Federation and Uk-
raine, is much higher than in other eastern
countries of the Region. For example, the
largest single polluter in the Russian Feder-
ation is an ore enrichment and rare metals
complex in Norilsk (eastern Siberia), which
emits 2.24 million tonnes of SO2 per year.
This is nearly 20% of the total for the
country; it is more than the SO2 emissions in
Poland, more than in the Czech Republic,
and nearly equal to the total for the former
Czechoslovakia. In addition to such major
pollutants as SO2, dust, CO, nitrogen oxides

and hydrocarbons (emissions of which are
measured in millions of tonnes per annum)
emissions of lead, fluorine compounds and
chlorine amount to thousands of tonnes an-
nually, and those of benzo[a]pyrene and
mercury tens of tonnes. In 1992, Russian in-
dustrial discharges of heavy metals were
about two orders of magnitude greater than
those for the whole of the European Com-
munity, even though the Russian Federation
has significantly less industry.

About 3 million people, including about
0.75 million children, are thought to live in
extremely polluted areas of Russian cities, a
further 7 million in seriously polluted areas,
and 15 –17 million in relatively polluted
areas.

Road transport

Almost all of the 20 countries report that
road transport makes an increasing contribu-
tion to urban air pollution, including that
from lead. Economic recession appears to
have slowed this trend too, but sometimes to
a lesser extent than industrial emissions. In
countries such as Belarus, Georgia, Lithua-
nia, Tajikistan and Uzbekistan, road traffic is
the major source of urban air pollution.

Associations between air pollution and
disease

Interpreting the associations reported be-
tween various health problems and air pollu-
tants is difficult. The available data did not
include information on, for example, smok-
ing habits, alcohol intake or nutritional or
economic status, each of which may be an
important determinant of health.

Infant mortality may be subject to fewer
confounding factors than other indicators. In
the Russian Federation, the usual pattern of
higher infant mortality rates in rural com-
pared to urban areas is reversed for polluted
industrial areas.

Increases in respiratory diseases, includ-
ing asthma, and allergies in children may
well be causally related to exposure to urban
air pollutants. Even in this young group,
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however, interpretation of the association is
not straightforward. First, some countries
appear to show a general increase in asthma
that is unrelated to ambient pollution, al-
though the increase may be more pro-
nounced in polluted areas. Second, indoor
air pollution may also be relevant to respir-
atory illness in children. Few data are avail-
able in the Region as a whole on indoor ex-
posure to environmental tobacco smoke,
NO2 or biological allergens, for example.

The incidence of cancer, especially lung
cancer, is higher in polluted areas, particu-
larly those with metal, oil and petrochemical
industries. Assessing the role of environ-
mental pollutants in causation remains diffi-
cult, however, not only in the absence of in-
formation on smoking habits in different
populations but also when the increase is
confined to males.

These qualifications point to the need for
further investigation, but do not justify delay
in mitigation. It is unlikely that the reported
levels of ambient air pollution have no ad-
verse effects on health.

Similar questions are relevant to corre-
lations observed between health indicators
and the  environmental pollutants discussed
below.

17.2.2 Water supply and quality

The lack or inadequacy of water treatment
facilities has resulted in the discharge of sew-
age and liquid industrial and agricultural
waste directly to surface waters and may also
contaminate groundwater sources. This situ-
ation is combined with shortcomings in the
coverage of piped supplies and deficiencies
in distribution systems, and with the use of
surface water or wells in rural areas.  As a re-
sult of these factors large proportions of the
population, particularly in the NIS, consume
contaminated and unwholesome water.

Waterborne infectious disease

The lack of sewage treatment systems, and
the contamination of treated water supplies

in defective distribution systems, are the
major causes of the reported increases in the
incidence of waterborne infectious diseases
in the CCEE and NIS.

The incidence of typhoid, cholera and
hepatitis A and the growing recorded inci-
dence of gastrointestinal parasitic diseases,
particularly in the central Asian republics
and the Russian Federation, give cause for
extreme concern and indicate the need for
systems of basic sanitation to be devised and
installed as a first priority in many countries
(Table 17.3).

In Armenia, for example, 40% of sewage is
not treated and the water distribution sys-
tems need repair, which is prevented by the
current economic blockade. Supplies cannot
be maintained for 24 hours a day, and at
least 20% of the available water is lost during
distribution. In 1992 there were five out-
breaks of waterborne infectious disease, with
a total of 1253 cases. Nine outbreaks were
recorded, with 1347 cases, in the first 10
months of 1993.

In Azerbaijan, sewage treatment is quite
inadequate; even in Baku 80% is untreated.
In 1991, over 100 cases of waterborne ty-
phoid were reported; salmonellosis and hel-
minthic infections in 2–4% of the population
were reported. There have been eight out-
breaks of waterborne disease in the last ten
years.

In Georgia, hepatitis A is the main water-
borne disease problem. Morbidity is always
high, and rises further in summer. Earth-
quakes and the aftermath of war have left
water treatment and distribution systems in
poor condition. Many towns have no facil-
ities for sewage treatment, and water chlori-
nation is now possible only in Tbilisi.

In Kazakhstan, only about 10% of the
rural population have a sewerage system,
and over 40% use water from surface waters
or local wells. There is considerable morbid-
ity from hepatitis A (470 cases per 100000
population) and gastrointestinal infections
(411 per 100000), including dysentery and
typhoid. Parasitic infections are also com-
mon.

In Kyrgyzstan, basic sanitation is a prior-
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ity problem. Inadequate sanitation is com-
bined with a widespread lack of piped water
and a distribution system in need of repair
and maintenance. These factors have led to a
marked increase in the incidence of water-
borne diseases (hepatitis A, gastrointestinal
infections and parasitic conditions) in the
population.

Until recently, Latvia had no sewage treat-
ment facilities, and defects in the distribu-
tion system cause water shortages. There
were serious outbreaks of hepatitis A in Riga
in 1987–1988. In 1992, the reported inci-
dence per 100 000 population of waterborne
diseases was 61 cases of salmonellosis, 170
cases of other acute gastrointestinal infec-
tions, 120 cases of hepatitis A and 16 cases
of leptospirosis.

In Lithuania, only about a quarter of
wastewater treatment is considered ad-
equate, and only about two thirds of the
population have a piped supply of water. The
incidence of diarrhoeal disease in children
was 0.63% in 1991; there were from 1000 to
2000 cases of hepatitis A, salmonellosis and
dysentery.

Rural areas of The Former Yugoslav Re-
public of Macedonia largely lack centralized
piped supplies of water. There were two out-
breaks of shigellosis (with more than 6000
cases) and two of hepatitis A (376 cases) be-
tween 1988 and 1993.

In the Republic of Moldova, less than
20% of the rural population are supplied
with piped water, and supplies of chlorine
are currently inadequate for effective water
treatment. Infections with hepatitis A virus
and Salmonella spp. occur.

In the Russian Federation, bacterial and
viral pollution of rivers create a constant
threat of epidemic outbreaks of acute intesti-
nal infections [7]. Nearly 30% of the water
supply does not come from centralized
piped supplies, and 75000 breakdowns in
the distribution system are reported an-
nually. In 1990–1992, the reported incidence
of waterborne infections per 100000 popu-
lation was 200 cases of hepatitis A, 80–95
cases of salmonellosis, 14 cases of dysentery,
70 cases of other gastrointestinal diseases,

and 300 cases of unknown cause. The rates
were higher in 1993.

In rural areas of Slovakia, nearly a quarter
of the population obtain water from individ-
ual wells. Where there are piped supplies,
contamination has been reported in about
15% of the water distributed. During 1988–
1992 there were 19 outbreaks of waterborne
infectious disease, with 1785 cases.

Tajikistan has a current shortage of water
treatment agents, and about two thirds of the
rural population obtain drinking-water from
open sources. Infectious diseases affect
nearly 40% of the population; 80% occurs in
children under 14 years of age, who com-
prise about 40% of the total population. Dys-
entery causes 30% of deaths in children
under 5 years of age. Viral hepatitis is com-
mon and increasing: the incidence per
100000 was 548 in 1990, 780 in adults and
1375 in children under 14 years in 1991, and
419 in adults and 757 in children in 1992
(the apparent decrease is probably related to
registration difficulties during the civil con-
flict).

Turkmenistan lacks sewerage systems, par-
ticularly in rural areas, and facilities for
wastewater treatment. Water distribution sys-
tems are obsolete; about 7000 breakdowns
are registered annually. Rates of infectious
disease are high, especially in children. In-
fant mortality runs at 45 deaths per 1000 live
births, 24% of which are due to intestinal in-
fections and parasitic disease attributable to
poor water quality. Viral hepatitis is com-
mon, and associated with high mortality in
pregnant women. The mortality rate from in-
fectious and parasitic diseases is the highest
in the NIS.

Ukraine showed an overall reduction in
diarrhoeal disease in 1986–1991, but an in-
crease in salmonellosis and hepatitis A. The
incidence of hepatitis A rose by 30% in
1990–1991.

In Uzbekistan, sewerage systems have
been constructed in about one third to one
half of urban settlements. They are generally
overburdened and therefore inefficient. In
addition to the lack of sanitation, less than
half of the rural population have piped water
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supplies. Most people obtain drinking-water
from open watercourses. Recently, the inci-
dence of typhoid, paratyphoid and viral
hepatitis has been reduced, but there are still
about 250000 cases of hepatitis A each year.

Chemical contamination of
water supplies

The practice of intensive agriculture in many
countries, but particularly the central Asian
republics where cotton production was a
priority, has resulted in the contamination of
land and water by pesticides and fertilizers.
The use of such water for irrigation, along
with the salinization of soils that has resulted
from the irrigation practices adopted, affects
the current and future quality and produc-
tion of food (Table 17.2). In addition,
unwholesome drinking-water is a major
problem for all 20 countries (Tables 17.2 and
17.3).

In rural regions of Slovakia, mainly in
eastern areas, there were 2536 cases of me-
thaemoglobinaemia in infants in 1971–1990
as a result of high levels of nitrate in drink-
ing-water. Many people in these areas obtain
water from wells.

In Belarus, about 64% of the rural popu-
lation obtain water from shallow wells. In
some areas up to 80% of wells are polluted
with nitrates as a result of fertilizer use.

The Republic of Moldova has a long his-
tory of high pesticide and fertilizer use,
among the highest in the former USSR.
When combined with the high percentage of
arable land, this practice has resulted in con-
tamination of surface water and ground-
water used for drinking. Overall, about 55%
of the population (about 95% in cities) has
access to piped water supplies, although
shortages result from breakdowns in dis-
tribution. The remaining 45% (the rural
population) obtains water from local
sources, with over 60% of samples not meet-
ing chemical standards for pesticides and fer-
tilizers. More than 75% of groundwater
sources are polluted with nitrates. The high
fluoride content of drinking-water is due to
the natural composition of the rocks. Fluor-

osis affects 9% of preschool children, 41% of
children of school age, and 50% of adults.

The Dniepr is the largest river in Ukraine
and the source of drinking-water for 35 mil-
lion people. Some 70% of Ukraine’s indus-
trial base (about 10000 industrial sites) is lo-
cated within the river’s catchment area. The
river was diverted into a chain of five large
artificial reservoirs, which are heavily pol-
luted from the surrounding industrial
centres. It is estimated that about 12 km3 of
highly polluted industrial and communal
wastewaters are discharged into the Dniepr
each year, and eutrophication of the water in
the reservoirs has occurred. Discharges con-
tain 120 tonnes of mercury, 90 tonnes of
chromium and 2 tonnes of cyanide. The sedi-
ments of the reservoirs contain radioactive
material released after the Chernobyl acci-
dent.

In Odessa, a city of 1.1 million people in
southern Ukraine, the water supply is heavily
polluted with agrochemicals. In eastern Uk-
raine, chemical factories around the cities of
Lisichansk, Slavyansk and Rubezknoye have
contaminated groundwater supplies for
about 150 km2, and many wells can no
longer be used. There are over 200 regions in
Ukraine with severe groundwater pollution
affecting an estimated 6% of existing wells.

In Armenia the water table in Lake Sevan,
which had been a major source of fresh
water, has dropped because of the diversion
of rivers for hydropower and irrigation. Eut-
rophication from communal and agricultural
waste is accompanied by bacterial contami-
nation. An increase in morbidity in the local
population is thought to be due to the excess-
ive use of pesticides. Life expectancy for
males and females has decreased by two
years in the last decade and this, too, has
been attributed to environmental factors.

In the central Asian republics of Kazakh-
stan, Turkmenistan and Uzbekistan, irri-
gation and loss of water from the Aral Sea
has affected drinking-water sources. The
problem has been further aggravated by the
overuse of agricultural chemicals, especially
pesticides, to improve cotton production,
and by the salinization of irrigated soil.



State of the Environment and Health 459

More than 3.5 million people live in areas
adjacent to the Aral Sea, with less than 3%
of settlements having piped water supply sys-
tems. The vast majority are supplied from
wells, where the bacteriological and chemi-
cal quality of the water is extremely poor. In
Uzbekistan, gall and kidney stones have
been estimated to be 12–17 times more com-
mon in the Aral Sea area in 1992 than in
1985. Infant mortality rates in this region are
high at about 70 per 1000 live births, with up
to 100 per 1000 in some areas. Traces of
DDT have been found in 40% of breast milk
sampled. Increased morbidity is reported
from tuberculosis, oesophageal cancer, car-
diovascular and blood diseases, and diseases
of the digestive organs. Increases in infant
mortality have also been reported in Kazakh-
stan, along with increased morbidity related
to blood disorders, cardiovascular diseases,
and liver and kidney diseases. In Turkmenis-
tan, 45% of morbidity has been attributed to
exposure to pesticides, aggravated by heat
stress in the summer.

In the many regions of the Russian Feder-
ation, water pollution problems from both
agricultural and industrial sources are hav-
ing an extreme effect on water supplies. In
the St Petersburg region, high levels of ni-
trate pollution of the Ladoga lake and Neva
river, the main sources of water supply to the
city, have caused blue–green algal blooms.
Around the city itself, numerous military
and industrial complexes release heavy
metals and other toxic substances. Cancer
has shown a measurable increase in the
St Petersburg area during the last decade.

The Volga and its main tributary, the
Kama river, were diverted into chains of ar-
tificial reservoirs which are heavily polluted
from adjacent industrial centres. The Volga
basin receives nearly 33% of all polluted
wastewaters discharged in the Russian Fed-
eration: about 10 km3 per year. The quality
of drinking-water in the region is extremely
poor.

In the Ural region, about 33% of non-fer-
rous metal smelters and 25% of other metal-
lurgical plants discharge wastewaters to
rivers without treatment; the technology for

waste treatment in pulp and paper mills is
about 50 years old. In the region as a whole,
all rivers are extremely polluted; ground-
waters are also contaminated in many areas.
For example, samples of drinking-water from
aquifers in the Ekaterinburg region often
contain such elements as arsenic, bromine,
iron, lithium and ruthenium. The only treat-
ment of supplies is by filtration and chlorina-
tion [8].

The Kuzbass basin, in south-western Sibe-
ria, was one of the most important industrial
regions of the former USSR, with a high con-
centration of coal and ore mining, metal-
lurgy, chemical and other heavy industries.
This region also produces major quantities
of phenol–formaldehyde tars and plastics.
Consequently the Tom river and its tribu-
taries are polluted with oil, aniline, phenols,
caprolactam, formaldehyde, methanol and
other agents at levels tens of times greater
than maximum permissible concentrations.
In cities supplied by this water source, there
has been a 1.5- to 6-fold increase in sponta-
neous abortions and congenital mal-
formations in recent years.

17.2.3 Solid waste

In general, the treatment of industrial waste
in the CCEE and NIS is inadequate. In the
large industrial complexes of Bohemia in the
Czech Republic, north-eastern Estonia and
Ukraine, the lack of treatment systems
means that considerable amounts of toxic in-
dustrial waste have accumulated. In the Ural
region, stockpiles of industrial waste affect
groundwater supplies and create hazards to
the environment and health. In major cities,
the predominant municipal and industrial
waste management problem relates to the
overuse of existing dumping sites and the
leaching of toxic sludges from such areas,
which contaminate soil, crops and water
supplies.

Some countries gave specific examples of
problems of solid waste disposal. In Azerbai-
jan, there are about 20 unauthorized toxic
waste sites around the capital, Baku, contain-
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ing for example vanadium, mercury and as-
bestos. About 60 million tonnes of toxic
waste from ferrous and non-ferrous smelters
has accumulated. The main problem in Bela-
rus is related to the annual accumulation of
about 30 million tonnes of mineral waste
from potassium mines. The country has two
waste treatment plants, which together can
handle less than 10% of the industrial waste
produced. In the Czech Republic 60% of
solid industrial waste, containing arsenic,
cadmium and lead, for example, is dumped
without treatment or adequate control
measures [9].

Estonia has special solid waste problems
arising from the mining and processing of oil
shale, and from previous uranium mining
and associated military activities. Oil shale
waste, containing coke and ash, comprises
about 10 million tonnes of the total annual
production of just over 11 million tonnes of
solid waste; 230 million tonnes of oil shale
waste are already in dumping sites. In addi-
tion to the threat of leaching from these
sites, the water filling abandoned mines con-
tains high concentrations of chemicals and
is in direct contact with groundwater. Full
assessment of the effects of the former mili-
tary complex has yet to be made; uranium
waste has been dumped in a “tailing” on the
coast of the Gulf of Finland, and is esti-
mated to contain 1200 tonnes of uranium
and thorium, with radium activity exceeding
7 kCi (259 TBq) [10].

In Georgia, the collection and disposal of
solid municipal waste are inadequate even
within the capital, Tbilisi, and throughout
the country toxic waste is buried or dumped
in reservoirs without treatment. In Latvia,
too, the disposal of both municipal and toxic
waste is inadequate, and there are no waste
treatment facilities. There are more than 500
landfills, which lack measures to prevent
leaching.

In Lithuania, there was virtually no man-
agement of wastes of any category before
1991. Over 300 landfills are thought to exist
in rural and urban areas and hazardous
waste is deposited with domestic waste.
There are also problems due to inadequate

arrangements for the storage and disposal of
banned pesticides and radioactive waste, and
from soil pollution with mercury.

Storage and disposal arrangements are
also inadequate in the Russian Federation. It
is estimated that 75 million tonnes of haz-
ardous waste were produced in 1990. Only
18% of the waste produced is treated or re-
cycled; most is deposited or stored on site, in
other designated places or in sites not de-
signed for storing hazardous waste, including
those for domestic waste. In the Ural region,
virtual mountains of industrial waste have
accumulated on the surface near their sites
of origin. Hazardous components of indus-
trial waste include heavy metals, polychlor-
inated biphenyls and dioxins. Another prob-
lem arises from a lack of proper storage of
unused chlorine- and phosphorus-containing
pesticides, with resulting contamination of
air (from dusts) and groundwater. The
country has only two installations that can
detoxify hazardous wastes, and their technol-
ogy is obsolete.

Ukraine supplies 5% of mineral raw ma-
terials produced globally, and the eastern
areas produce 85% of the country’s toxic in-
dustrial waste. The contamination of soil
with heavy metals is not confined to indus-
trial sites and urban areas, but extends to
very large areas of surrounding farmland.

Turkmenistan has no proper sites for solid
waste disposal and no incineration facilities;
wastes just accumulate.

17.2.4 Radiation

Environmental contamination

The contamination of land by radiation has
affected most regions in the NIS, especially
in Belarus, Georgia, Kazakhstan, the Rus-
sian Federation and Ukraine. High levels of
contamination with long-lived isotopes of
caesium and strontium are affecting the
health of the population, as demonstrated by
the reported increase in cases of cancer.
Large areas of the former USSR are subject
to high levels of radioactive contamination
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following the Chernobyl nuclear disaster.
Radiation accidents in the southern Ural re-
gion and nuclear weapons testing in Kazakh-
stan have also resulted in high levels of con-
tamination.

In Belarus, the Chernobyl accident has
had very serious consequences: 130000
people were evacuated and 23% of the land,
occupied by 1.8 million people, is still pol-
luted with long-lived radionuclides, mainly
caesium-137 and strontium-90. Areas where
soil activity is up to 5 Ci/km2 (155 Bq/km2)
include Gomel, two other cities and many
smaller towns and villages. Activity of 15 Ci/
km2 (555 Bq/km2) or more affects an area of
more than 6000 km2. The incidence of thy-
roid cancer in children, who are likely to
have been exposed to isotopes of iodine
shortly after the accident, has risen; the rate
is now almost 3 per 100 000 compared with
only rarely recorded cases before the acci-
dent. The frequency of congenital mal-
formations is also reported to have in-
creased, along with psychosomatic disorders
in children. The adult population has shown
increased morbidity due, for example, to car-
diovascular diseases and gastric or duodenal
ulcers, which may be stress-related.

In Ukraine, about 2.5 million people are
living in areas contaminated by the fallout
from Chernobyl. In an area of about 1500
km2 the activity is 15 Ci/km2 (555 Bq/km2)
or more. In addition, about 180000 people
were involved in dealing with the immediate
consequences of the accident and were thus
exposed to high levels of radioactivity, and
several thousand children are thought to
have received high doses to the thyroid gland
from radioactive iodine. To date, no increase
in thyroid cancer incidence has been ob-
served, but there are reports of an increase
in the incidence of other types of cancer.

In the Russian Federation, an area of
about 2400 km2 still has an activity of 15 Ci/
km2 (555 GBq/km2) or more as a result of
contamination from the Chernobyl accident.
In the Bryansk region up to 1992, the antici-
pated increase in thyroid and haemato-
poietic cancers in children had not been de-
tected. The effects of the Chernobyl accident

are referred to in more detail in Chapters 10,
12 and 16.

A major problem of environmental con-
tamination with radioactivity is now known
to exist in the Ural region as a result of the
activities of the Mayak military nuclear reac-
tors. Between 1949 and 1956, 3 MCi (111
PBq) of liquid waste was released into the
Techa river. Subsequently, over 7000 people
were evacuated from nearby villages, and the
use of river water was forbidden. Among
some 40000 people estimated to have re-
ceived substantial doses, there is an increase
in the incidence of leukaemia and solid tu-
mours [11] (see also Chapter 12).

An accident at the Mayak complex, near
the village of Kyshtym, released large quan-
tities of strontium-90 and led to the evacu-
ation of 10000 people. This area still has
strontium activity of up to 1500 Ci/km2

(55.5 TBq) and access is strictly controlled.
(See also Chapter 12.)

In Kazakhstan, Semipalatinsk was the site
of nuclear weapons testing; 470 tests were
made between 1949 and 1990, and these are
estimated to have released about 200 kg of
strontium-90 and caesium-137 over vast
areas of eastern Kazakhstan. Uranium mines
and enrichment plants are located in the
same area; it is estimated are that wastes
comprise 250 million tonnes with a total ac-
tivity of 0.2 MCi (7.4 PBq). Cancer inci-
dence in the Semipalatinsk region is re-
ported to be twice that in other parts of Ka-
zakhstan. (See also Chapter 12.)

The full effects of occupational exposure
to radiation associated with uranium mining
and processing in Estonia, Kazakhstan and
the Russian Federation are still to be as-
sessed. Studies of workers at the Mayak com-
plex have shown increases in the incidence
of leukaemia and solid cancers.

Radon in dwellings

Only 2 of the 20 countries mentioned radon
in dwellings as a problem. In the Czech Re-
public, it is estimated that 10–20% of the an-
nual incidence of lung cancer may be attribu-
table to radon. In Estonia’s north-eastern re-
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gion, where bedrock and sediments contain
uranium, high concentrations of radon may
be present in dwellings in some places. Con-
centrations of over 800 Bq/m3 have been ob-
served in 5% of dwellings, reaching 5 kBq/
m3 in a few.

The centrally planned economy of the
former USSR resulted in large industrial
conglomerates with interacting industries lo-
cated near each other. Overwhelming prior-
ity was given to productivity, and less atten-
tion paid to emission control or waste dis-
posal. Thus, air pollution is a substantial
problem in many industrial areas, and is as-
sociated with increased morbidity from re-
spiratory diseases and allergies, particularly
in children. In addition, widespread soil and
water contamination resulted from storing
liquid industrial waste in artificial, uninsu-
lated ponds (when it was not discharged di-
rectly into surface waters) and/or simply
dumping solid industrial and municipal
waste in the ground. Further, the excessive
use of agrochemicals, in the interests of in-
creased productivity, has contributed to soil
and water pollution in some areas. The inad-
equate disposal of radioactive waste, as well
as fallout from accidental releases or nuclear
weapons testing, has also caused radionu-
clide contamination of the environment in
several areas of the NIS.

Reliable, piped supplies of safe drinking-
water are lacking for 110 million people in
the European Region, 86 million of whom
live in the NIS. These basic inadequacies in
supply are aggravated by poorly maintained
distribution systems, with resulting inter-
ruptions in supply, leakage and contami-
nation. Like other types of waste, sewage is
inadequately treated in many areas. Water-
borne infectious diseases such as hepatitis A
and parasitic infections are common, and
sporadic outbreaks of cholera have occurred.

17.3 Discussion

Some of these problems also exist in parts
of the CCEE. Urban air pollution is of con-
cern in certain industrial areas, and pollu-
tion of water resources by industrial and ag-
ricultural wastes is a widespread problem.

Finally, wars have directly or indirectly af-
fected the lives of millions of people, de-
stroyed public services and agricultural land,
and created large numbers of refugees in
both the NIS and the CCEE. Epidemics
threaten, and there are shortages of food,
medicines and even water treatment agents.
Such natural disasters as earthquakes have
caused similar problems. Man-made ecologi-
cal disasters, such as the destruction of the
Aral Sea region, also have profound effects
on health. Considerable efforts continue to
be needed to restore basic infrastructures
and services, including those to regain and
support environmental health.

As in the Region overall, the CCEE and NIS
have a clear need for comprehensive but well
targeted and harmonized environmental
health monitoring, with appropriate quality
assurance and control, along with exposure
assessments and selected studies of related
health effects. These will provide the basis
for the evaluation of environmental hazards
to health.

Environmental pollution may be reduced
at present, as a result of transition and econ-
omic recession. This is only a temporary
situation, however, during which plans may
be made for long-term sustainable redevelop-
ment in which the adoption of control
measures at the source of pollution will pre-
vent adverse environmental effects on
health.

Urgent action is needed now to deal with
severe existing problems. While each
country must determine its own priorities for
action, support from the international com-
munity is likely to be needed in three main
areas:

17.4 Conclusions
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• regions affected by war (where essential
public services are disrupted and epidemic
diseases threaten) and areas where the
ecological situation is deteriorating (such
as the Aral Sea) with profound conse-
quences for environmental health;

• severely polluted cities, which need not
only long-term solutions but immediate
mitigation of specific problems; and

• predominantly rural areas with inadequate
water treatment and supply systems and
high levels of contamination of soil and
water, both microbiological and agro-
chemical; in more general terms, pro-
grammes are needed for the repair and
maintenance of disintegrating water dis-
tribution systems and the disposal of
waste.
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Human health is determined by a number of
factors including genetic predisposition, life-
style, nutrition, socioeconomic status, access
to adequate health care, and the environ-
ment. The continuing availability of environ-
mental resources – air, water, food and
shelter – as well as appropriate climatic and
socioeconomic conditions, is a prerequisite
for health and survival. Environmental con-
ditions are not always optimal, however, and
populations may be exposed to a variety of
environmental factors that may adversely af-
fect their wellbeing. These environmental
health hazards may result from natural
causes and/or human activities, as described
in the previous chapters.

Estimates of the impact of environmental
agents on health require information on ex-
posure and on the quantitative relationship
between exposure and effects on health. Pre-
cise estimates of exposure are rarely poss-
ible, however, owing to the scarcity of moni-

18.1 Effects on Health of Envi-
ronmental Exposure

toring data. The estimates of exposure are,
therefore, based on limited information and,
whenever feasible, supplemented by extrapo-
lations based on some reasonable assump-
tions; the resulting uncertainties may be con-
siderable.

Further, knowledge of the effects on
human health of various exposures, based on
epidemiological and toxicological studies, is
far from complete. This leads to further un-
certainties. In general, the severity of the im-
pact on health is assumed to depend on the
extent of the exposure and the correspond-
ing dose of the environmental agent, but the
precise dose–response relationship is often
not known. For some environmental agents,
doses below a certain threshold level can be
accommodated and are not harmful, or may
even be beneficial. Others, such as allergens,
ionizing radiation and chemical genotoxic
carcinogens, are believed to have no thresh-
old dose and to pose a risk at all levels of ex-
posure. In addition, human response to envi-
ronmental factors is not homogeneous in the
population, since some people are more sus-
ceptible than others. This is obvious in the
case of allergies, but responses to carci-
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nogens also vary. The source of the in-
creased susceptibility may be genetic predis-
position, but coexisting environmental or
lifestyle factors are also known to influence
the response.

In many situations a combination of fac-
tors may have a different or worse effect on
health than exposure to each factor separ-
ately. Further, unfavourable environmental,
social and lifestyle conditions coexist in
some parts of society. People may have a
poorly balanced or inadequate diet, be ex-
posed to occupational hazards, adopt a
harmful lifestyle (by excessive alcohol con-
sumption or tobacco smoking, for example)
and, at the same time, be exposed to one or
more environmental hazards. This combi-
nation may increase the risk of disease above
the level expected if the factors acted separ-
ately. For example, asbestos or radon appear
to cause ten times more lung cancer in
smokers than in nonsmokers.

However incomplete, the available in-

formation has been used to estimate the im-
pact of environmental hazards on the health
of the population of the European Region.
Whenever the exposure and epidemiological
data allow, the proportion of illnesses or
other health impairments in the population
that might be attributable to the exposure
has been estimated as an “attributable pro-
portion” [1].

The basic elements of the methodology
are presented in Box 18.1. This may be an
oversimplification of the situation; the risk
may increase continuously with increasing
exposure instead of by a step increase as as-
sumed. Data are scarce, however, and a more
precise incremental risk model could rarely
have been used. In addition, the risk esti-
mates derived from one epidemiological
study may be specific to the population
studied, owing to a particular exposure situ-
ation or to the characteristics of the popu-
lation at risk. In this analysis, risk estimates
were based on several similar studies con-

Box 18.1: Estimation of attributable proportion

The proportion of cases occurring in a combined population of exposed and unexposed
individuals that is attributable to exposure can be determined as:

AP = (It – Io) / It = (RR – 1) / (RR + 1/P – 1)

where:

It is the overall incidence in the combined population of exposed and unexposed indi-
viduals;

Io is the incidence in the unexposed population;
RR is the relative risk of the disease due to the exposure (the ratio of the incidence in the

exposed to the incidence in the unexposed population); and
P is the proportion of the total population that is exposed.

The actual number of cases of disease that can be attributed to the exposure N+ can be es-
timated as:

N+ = It �AP � N

where N is the population at risk.

The information for these calculations is derived from epidemiological studies estimating
both relative risk and the incidence of the disease in the total population. The uncertainty
of the AP and N+ estimation can be assessed by the use of the various estimates of relative
risk or exposure prevalence obtained from different studies, or the use of different as-
sumptions.
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ducted in different populations to diminish
this problem. Further, for some types of ex-
posure and health effect, the number of
studies is large but, for others, reported
studies are few. For this reason, too, the esti-
mates should be considered with caution.

18.1.1 Situation in the European
Region

Chapter 4 identifies the main health issues
in various parts of the European Region and
describes the current health status of the
population, showing the inequalities between
groups where possible. Notwithstanding the
limitations of the available data, several as-
pects of health status differ significantly be-
tween various parts of the Region’s popu-
lation.

In particular, as assessed by infant and
total mortality rates, life expectancy and
analysis of the incidence of selected diseases,
the health of people in the European
members of the Organisation for Economic
Co-operation and Development (OECD)
has improved in recent decades, while the
health of the populations of the CCEE and
NIS has shown either no improvement or a
deterioration in some areas or age groups
over the last two decades. These different
trends are reflected in markedly higher mor-
tality rates in eastern parts of the Region
than in the European OECD countries. The
differences are relatively greater among
young adults and people of middle age, es-
pecially males. The most pronounced differ-
ences in premature mortality are due to car-
diovascular and respiratory diseases and, in
males, to injury and poisoning, and some
types of cancer. The limited data on morbid-
ity support the conclusions based on evalu-
ation of mortality patterns.

In summary, the most significant finding
is the deterioration in health of middle-aged
people, particularly men, in the CCEE and
NIS.

The question of the causes of these differ-
ences and of the possible contribution of en-
vironmental agents is difficult to address be-

cause of the number of factors (including
genetic makeup, lifestyle, socioeconomic
status and access to adequate health care)
that affect health status in addition to the en-
vironment. Nevertheless, an attempt has
been made to assess the extent of the impact
of environmental factors on the inequalities
in health identified in the Region’s popu-
lation.

The possible role of environmental ha-
zards in each of the main disease categories
is considered in turn. Since not all deficien-
cies in health can be classified as disease, the
effects of environmental hazards on well-
being are also discussed.

Estimates of population exposures to se-
lected environmental hazards, and the re-
lated potential health effects, are summar-
ized in Tables 18.1–18.3. Where possible, the
available data have been extrapolated to pro-
vide an estimate of the probable exposure of
these populations. The nature, frequency
and intensity of the effects on health will de-
pend on the extent of the exposure, as well as
on individuals’ characteristics and lifestyles.

Cardiovascular diseases

In all the countries of the European Region,
the most common cause of death is disease
of the circulatory system. Mortality due to
cardiovascular diseases is considerably lower
in the European OECD countries than in
the CCEE or NIS. Owing to a decreasing
trend in the western countries of the Regiona

and an increase – or at best stabilization of
rates – in the rest of the Region, the differ-
ence in mortality between the two increased
from 33% at the beginning of the 1970s to
100–150% at the end of the 1980s. The main
recognized risk factors for cardiovascular
diseases in general, and coronary heart dis-
ease in particular, are hypertension, high
blood cholesterol and tobacco smoking. In-

a See the definition of “western countries” given in
Chapter 4, page 91. Many of the data sources used
in this chapter refer to “European OECD coun-
tries” instead, and therefore do not include data
on Israel, Malta, Monaco or San Marino.
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terrelated factors that are correlated with the
three main risk factors include obesity, inad-
equate physical activity and a diet rich in
saturated fats and/or salt. Environmental fac-
tors almost certainly play a small role in the
etiology of cardiovascular diseases in the
general population. On the other hand, expo-
sure to elevated levels of carbon monoxide
may aggravate cardiovascular diseases [2].
People in certain occupations (garage atten-
dants, tunnel workers and police officers), as
well as commuters in heavy traffic, may be
subject to such exposure. While environ-
mental tobacco smoke has been considered
as a risk factor, the evidence is not consistent
[3].

A number of studies have shown a statisti-
cally significant inverse relationship between
the hardness of drinking-water (related to
dissolved calcium and magnesium) and car-
diovascular diseases. According to the re-
cently revised WHO guidelines for drinking-
water quality, however, the available data are
inadequate to prove that the association is
causal [4].

Cancer

In all countries of the Region, cancer is the
second commonest cause of death after dis-
eases of the circulatory system. The differ-
ences in cancer mortality within the Region
are less dramatic than those seen for cardiov-
ascular diseases. The most common sites of
fatal cancer are different in males and fe-
males. In males, lung cancer accounts for
over 27% of cancer deaths in western Eu-
rope and about 33% in the rest of the Re-
gion. In females, lung cancer is less frequent
than in men but it causes a greater propor-
tion of cancer deaths in western Europe than
in the rest of the Region. The main risk fac-
tor for lung cancer is tobacco smoking. In fe-
males, breast cancer is the commonest cause
of cancer death, and accounts for a greater
proportion of cancer deaths in the European
OECD countries than in the NIS. The risk
factors for breast cancer are not clear, but
genetic, reproductive and various hormonal
factors may play a role. The other common

cancers in both sexes are of the stomach,
colon and rectum; dietary factors are
thought to influence the risk.

A number of factors are considered to in-
crease the risk of cancer, including aspects
of lifestyle (smoking, alcohol consumption,
diet, reproductive behaviour) and genetic
and hormonal factors. Environmental agents
also play a role; although smaller overall
than that of the above factors, this role may
be relevant in selected areas and population
groups. For instance, special environmental
circumstances such as occupations or local
practices or conditions may enhance cancer
risks, particularly for cancer of the skin and
of the respiratory and urinary tracts.

The following sections focus on ionizing
radiation, nonionizing radiation and selected
chemicals present in the human environ-
ment. When considering the possible impact
of these environmental exposures on cancer
causation, one must make an important dis-
tinction between genotoxic carcinogens, for
which no threshold is assumed, and non-ge-
notoxic carcinogens, for which evidence sug-
gests that no cancer risk exists below a cer-
tain threshold.

Ionizing radiation

The effects on health of ionizing radiation
have been a source of public concern for sev-
eral decades. The potential hazards that
need to be considered are: radon from ura-
nium-bearing rocks, occupational exposure,
nuclear accidents, nuclear weapons testing
and waste disposal.

The main effect on health of environ-
mental exposure to ionizing radiation is the
induction of cancer, and it is assumed that
no threshold dose exists below which there is
no risk of an effect.

Increases in lung cancer related to radon
exposure have been observed mainly in ura-
nium miners, but recent data from Sweden
indicate that domestic exposure may also in-
crease the risk of lung cancer considerably.
The Swedish study showed that, compared
with those exposed to radon in time-
weighted average concentrations below 50
Bq/m3, the risk increased by some 30% in
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people exposed to 140–400 Bq/m3 and by
80% in those exposed to concentrations over
400 Bq/m3 [6]. The study also showed that
16% of all lung cancer cases in the Swedish
population may be attributed to radon expo-
sure [7]. Since most other countries in the
Region have lower levels of residential radon
exposure, the attributable proportion of lung
cancer would probably not be as high as in
Sweden and other parts of Scandinavia.
Further, the Swedish study indicated a
strong interaction between residential radon
and smoking that is close to a multiplicative
effect. This implies that most cases of radon-
related lung cancer are likely to appear in
smokers.

In general, the exposure of populations in
different countries of the Region to domestic
radon is difficult to evaluate because concen-
trations in the same geographical area and
the extent of household ventilation vary
markedly. Nevertheless, the data reviewed in
Chapter 12 make it possible to estimate the
proportion of people living in dwellings with
concentrations of radon gas above the level
of 200 Bq/m3 a at which simple remedial
measures should be considered (see Table
18.1) [8]. The proportion of people esti-
mated to be exposed to radon gas concen-
trations above the level (400 Bq/m3) at
which WHO advises immediate remedial ac-
tion [8] ranges from 0.01% in the United
Kingdom to 1.5% in Sweden. This corre-
sponds, for example, to approximately 5500
people in the United Kingdom and 80000 in
Sweden.

Occupational exposure is another poten-
tial source of risk. Uranium miners are par-
ticularly at risk, but workers in the nuclear
power industry, health care and research are
also potentially exposed. The size of the
populations monitored for exposure to radi-
ation in the health care, research and nuclear
power sectors ranges from about 700 in Lux-
embourg to about 320 000 in Germany. Air
crews have not, in the past, been classified as
occupationally exposed, but they may re-

a Also expressed as 100 Bq/m3 equilibrium equival-
ent radon as an annual average.

ceive doses from cosmic radiation that are
comparable to those of radiation workers.
For several countries in the Region, data are
not available on the number of radiation
workers or the doses they receive. The dose
limit recommended by the International
Commission on Radiological Protection is
20 mSv a year, averaged over five years. The
great majority of workers in countries with
data receive doses well below 5 mSv an-
nually. If a dose of 5 mSv were received an-
nually for 40 years, then this might result in
a 5% increase in the existing probability
(from 0.2 to 0.25) of a person dying from
cancer. A very approximate estimate of the
number of radiation workers exposed to le-
vels that raise concern for their health is
presented in Table 18.2. A higher risk of lung
cancer must be expected in several hundred
thousand workers in uranium mining in cen-
tral Europe in the past. These mining activ-
ities have now largely stopped; where they
continue, exposure is far lower than in the
past, possibly averaging about 10 mSv a year.

The possibility of nuclear accidents is as-
sociated with the potential for radiation-in-
duced cancer in the general population.
Since the Chernobyl accident, health surveys
have been conducted in the various popu-
lations exposed to the released radionu-
clides. No increase in the incidence of child-
hood leukaemia has been observed so far,
either in Belarus [9] or in various European
countries with different levels of population
exposure [10]. On the other hand, a sharp in-
crease in the incidence of thyroid cancer has
been observed in Belarus among children
who appear to have been exposed to large
doses of radioiodine [11]. This increase oc-
curred earlier than would have been ex-
pected from previous knowledge of thyroid
cancer after radiation exposure, and corre-
sponded to an eightyfold rise in incidence
[12]. It has recently become apparent that
previous radiation accidents and radioactive
waste discharges in the south Ural region,
nuclear weapons testing in Kazakhstan, and
discharges from military installations in the
Kraznoyarsk region have resulted in signifi-
cant levels of radioactive contamination of
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the environment and potential hazards to the
health of local populations.

Radionuclides from natural sources are
unavoidably present in food. Contamination
from artificial sources is low in comparison,
except for certain foods from areas contami-
nated by significant levels of radionuclides
after the Chernobyl accident. Estimates of
any increased cancer risks are hampered by
lack of monitoring and food consumption
data and reliable cancer statistics, but food
contamination is unlikely to lead to observ-
able increases in cancer; the doses received
from external contamination are substan-
tially larger.

General environmental exposure to man-
made sources of ionizing radiation (other
than that resulting from major accidents or,
earlier, from nuclear weapons tests) is insig-
nificant in comparison with that from natu-
ral sources such as radon.

Nonionizing radiation

The main sources of nonionizing radiation
are ultraviolet (UV) radiation from the sun
and artificial light sources, and both natural
and man-made electromagnetic fields (see
Chapter 11).

Although the link between solar UV radi-
ation and skin cancer is well established [13]
the excess of cancer caused is difficult to es-
timate because of lack of exposure estimates
and, in the case of cutaneous melanoma, be-
cause the exposure–response relationship is
complex. The incidence of the common
forms of skin cancer is increasing by 2–3% a
year. While malignant melanoma is a rarer
form of skin cancer, it has a high fatality rate
of 30–50%. Its incidence has risen markedly
in the last few decades (for example, by 50%
in England between 1980 and 1986). It is
widely feared that depletion by chlorofluor-
ocarbons and similar agents of the stratosp-
heric ozone layer, which filters out the more
harmful components of solar UV radiation,
may be causing this increase in skin cancer.
The main risk at present, however, is from
excessive exposure to UV radiation through
individual choice, and changes in behaviour
could counter many of the potential hazards.

An annual two-week holiday in the sun can
increase the lifetime risk of non-melanoma
skin cancer fivefold in northern European
indoor workers, because it doubles their an-
nual dose of biologically effective UV. An
equivalent change in exposure in northern
Europe would require an approximately 50%
decrease in the ozone layer. In the case of
malignant melanoma, intermittent exposure
and exposure sufficient to cause sunburn
both increase the risk. The effects of changes
of the order of 10% in the ozone layer may
therefore not be as important in this respect.
The International Agency for Research on
Cancer suggests that a decrease in sunbath-
ing could reduce the risk of skin melanoma
by 40% [14].

At present, the question as to whether en-
vironmental exposure to electric and mag-
netic fields of extremely low frequency has
adverse biological effects remains unre-
solved. Published studies lack consistency:
some suggest that cancer, especially in
people occupationally exposed to such
fields, or leukaemia in children may be re-
lated to exposure, while other studies show
no effect [15]. A recent study in Sweden
found an increased risk of childhood leukae-
mia related to estimated exposure to electric
and magnetic fields. From a public health
point of view, the risk was insignificant: less
than one extra case of childhood leukaemia
per year in a population of 9 million was as-
sociated with living near high voltage power
lines [16,17].

The high prevalence of exposure to elec-
tric and magnetic fields of extremely low fre-
quency, the inconclusive evidence from epi-
demiological studies, and strong public con-
cern are arguments for conducting investi-
gations to resolve the issue. At present, the
possible impact of exposure on health can-
not be estimated.

Chemicals

The impact of potentially carcinogenic
chemicals is difficult to assess quantitatively
because of the scarcity of appropriate data.
Assuming there is no safe level of exposure
to genotoxic carcinogens, the presence of
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such chemicals in the environment poses a
potential risk.

Air is one of the main carriers of chemical
carcinogens to humans. Exposure to prod-
ucts of the incomplete combustion of fossil
fuels that contain possible human carci-
nogens (polynuclear aromatic hydrocarbons,
PAH) is relatively common. A few epidemi-
ological studies have demonstrated a relation
between risk of lung cancer and ambient par-
ticulate air pollution [18,19]. Assessing the
exposure retrospectively and accounting
properly for confounders are both difficult.
This severely restricts the opportunities for
quantitative risk assessment. In a case–con-
trol study conducted in Cracow, Poland,
about 4% of lung cancer cases in males and
10% in females were attributed to residence
in an area with air pollution (black smoke at
an annual average concentration of over 150
µg/m3) observed several years before regis-
tration of the cancer cases [20]. In the avail-
able monitoring data (see Chapter 5) such
high levels of black smoke were found in one
small city in Poland in the period 1981–
1986; in more recent years the highest re-
ported annual average did not exceed 120
µg/m3. The current possible impact of urban
air pollution on lung cancer incidence will
therefore be smaller and more difficult to as-
sess. Other studies suggesting a higher risk
of lung cancer related to ambient air pollu-
tion were performed in populations living
near some types of industry. The evidence
was strongest for non-ferrous smelters, where
arsenic emissions might be important.

The passive inhalation of cigarette smoke
(environmental tobacco smoke) has recently
been implicated as a contributor to lung
cancer among nonsmokers working closely
or living with heavy smokers. The combined
evidence from 25 epidemiological studies in-
dicates an increase in risk of 20–30% in
nonsmokers married to smokers [21]. The li-
mited data on smoking prevalence indicate
that about 60% of adults over 15 years of age
in the Region, that is 340 million people liv-
ing west of the Ural mountains, do not
smoke. At least 50% of them (some 170 mil-
lion) are exposed to environmental tobacco

smoke. Thus, an estimated 9–13% of all lung
cancer cases in adult nonsmokers are attribu-
table to such exposure. In other words, with
an incidence of 10 lung cancer cases per
100000 nonsmokers, one would expect
3000–4500 cancer cases per year to be re-
lated to environmental tobacco smoke expo-
sure. A recent study [22] found that the risk
of lung cancer was significantly increased
(by 30%) only in the 25% of nonsmokers liv-
ing with smokers who were exposed to the
highest levels of environmental tobacco
smoke. This more conservative approach at-
tributes an estimated 3.6% of lung cancer in
nonsmokers to this factor, or 1200 cases per
year in the Region.

Exposure to certain potentially carcino-
genic substances such as benzene and some
PAH depends to a large extent on lifestyle,
since active cigarette smoking and environ-
mental tobacco smoke are important sources
of exposure. Vehicle exhaust may also con-
tribute to exposure. In particular, exhaust
from diesel engines, a complex mixture of a
number of chemicals including PAH, is con-
sidered probably carcinogenic to humans
[23].

Some epidemiological studies have sug-
gested that smoking has interactive effects,
increasing the cancer risk related to environ-
mental agents. The best evidence concerns
the risk of lung cancer related to asbestos or
to radon exposure, which appears to be ten
times greater in smokers than in nons-
mokers.

Sources that may contaminate food and
water with chemical carcinogens range from
industrial and human activities to agricul-
tural practices, the processing, packaging
and preparation of food, and water disinfec-
tion practices. The relative contribution of
carcinogenic contaminants in food and
water to the overall impact of diet on cancer
is not known.

Concern about possible carcinogenic risks
from chemical contaminants in drinking-
water is directed mainly at certain pesticides,
halogenated organic compounds (such as tri-
and tetrachloroethylene) and inorganic com-
pounds (such as arsenic and nitrate). Al-
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though large areas of European waters are
contaminated by these chemicals, levels are
in general well below WHO guideline values.

It has been suggested that the chlorination
of water may give rise to complex mixtures
of halogenated compounds with potential
carcinogenic effects on people with a life-
long exposure to them. The evidence is con-
troversial, however, and the issue unresolved.
The experience of Peru, where discontinu-
ation of water chlorination for fear of cancer
induction contributed significantly to the
spread of the 1991 cholera epidemic, points
to the need for careful assessment of compet-
ing risks [24].

In large areas of the CCEE (in Hungary
and Romania) high levels of arsenic are
known to occur in drinking-water as a result
of local geology. In other countries such as
Bulgaria, high levels result from industrial
contamination. Arsenic ingestion has been
associated with an increased incidence of
(mostly benign) skin tumours, but no con-
vincing evidence of increased incidence has
been found in the affected areas of the
CCEE. This may be the result of the trend to
use bottled water imported from uncontami-
nated areas, as has happened in parts of
Hungary. The evidence for the role of nitrate
in the causation of gastric cancer is weak.

In summary, the pollution of water with
potentially carcinogenic pesticides and or-
ganic chemicals may, in principle, pose a
health hazard. According to available data,
however, the level of exposure of the overall
population of the Region does not seem to
constitute a health risk, although in some
places these contaminants may at times ex-
ceed levels of concern.

With food, the possible cancer hazards of
chemical contamination encompass a
number of pesticides, organic compounds
such as polychlorinated biphenyls, dibenzo-
p-dioxins and dibenzofurans, inorganic com-
pounds such as nitrate and some heavy
metals, and natural toxins such as mycotox-
ins of the aflatoxin type. In general, the con-
tribution of these factors to the actual cancer
risk of the population in the Region is diffi-
cult to assess and is probably small. The con-

tribution of aflatoxins to the risk of liver
cancer seems to be negligible [25] whereas
ochratoxin A is suggested as one of the cau-
sative agents for Balkan endemic nephro-
pathy, a condition that appears to be associ-
ated with a greatly increased risk of develop-
ing urinary tract tumours [26].

Procedures for the collection, disposal
and treatment of waste can also be sources
of carcinogenic hazard if chemical agents are
present in the emissions to ambient air of the
gaseous and particulate products of waste in-
cineration, or in leachate from landfill sites
to surface water and groundwater. Several
epidemiological studies have explored an as-
sociation between living near waste sites and
various types of cancer. There is no convinc-
ing evidence of health risks.

The use of appropriate technical and man-
agement procedures can minimize or even
eliminate any potential threat to human
health from waste. Nevertheless, the past ac-
cumulation of waste, particularly hazardous
waste, creates a considerable problem and
may affect health in the future owing to the
persistence and low biodegradability of the
carcinogenic components. The inadequate
disposal of hazardous waste in the past is
now a particular problem for the NIS and
some of the CCEE. Waste transported
across national borders, sometimes without
proper authorization and documentation,
may give rise to similar situations.

Over 30 occupations have been associated
with an elevated risk of cancer. Recognized
carcinogens are relatively effectively con-
trolled in the work environment. Even in Fin-
land, however, where occupational safety
standards are well established, some 4% of
the workforce may be exposed to carcino-
genic chemicals. Such an increased risk of,
for example, lung or bladder cancer in a
small number of workers will not usually be
detectable in population cancer statistics.

Respiratory diseases

In general, diseases of the respiratory system
are a less frequent cause of death than car-
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diovascular diseases or cancer. While their
share in total mortality has diminished, they
are still an important problem in some parts
of the Region. In the NIS respiratory dis-
eases, including infections, are diagnosed as
the cause of death in 25% of children aged
1–14 years, and these mortality rates exceed
those in the CCEE and the European OECD
countries threefold and over twentyfold, re-
spectively. Among adults, the variation in re-
spiratory mortality rates and in their trends
was greater between these groups of coun-
tries than for other frequent causes of death.

An important group of respiratory dis-
eases is chronic airways diseases, namely
bronchitis, emphysema and asthma. These
diseases have tended to be less frequent
causes of death in recent years than at the
beginning of the 1970s. This improvement is

most marked in people aged 45–64 years,
and especially in western European males.
Improvement in mortality rates is less evi-
dent in younger people, however, where asth-
matic rather than chronic obstructive forms
of respiratory disease are more frequent.
Owing to their high prevalence and chronic
character, the frequent restrictions on nor-
mal activities and the costs of medication,
chronic airways diseases impose a signifi-
cant burden on both affected individuals and
society. The main risk factor for chronic ob-
structive airways diseases is tobacco smok-
ing. In addition to smoking, however, out-
door and indoor air pollution and occupa-
tional exposure to dusts have an important
role in the etiology of the disease.

The asthmatic form of chronic respiratory
disease remains poorly understood. Recent

Box 18.2: Sulfur dioxide (SO2)

Epidemiological studies from Cracow [32] and Barcelona [33] indicate that ambulatory
or emergency hospital visits due to respiratory diseases, including exacerbated chronic ob-
structive lung disease or asthma, are 15% more likely on days with SO2 concentrations
over 125 µ/m3 than on days with lower levels of pollution (below 75 µ/m3). Taking ac-
count of the frequency and extent of the exposure, the proportion of disease spells associ-
ated with exposure can be estimated to range from 0.2% (if such pollution occurs only in
the areas with the available data) to 0.4% of all cases (if urban air pollution data are extra-
polated to all European cities west of the Ural mountains). In the cities most frequently
exceeding the WHO guideline value, as much as 8% of the respiratory disease episodes
necessitating a visit to a medical centre can be attributed to pollution with elevated levels
of SO2. If it is assumed that the population incidence of mild respiratory disease in adults
is 10% per year, as is suggested by data from Cracow, it can be expected that 89000–
205000 such episodes and medical visits per year in Europe are associated with such pol-
lution. In Barcelona, emergency admissions due to respiratory disease numbered about 4
per 1000 adults per year; one can thus expect 4000–8000 such admissions per year in the
Region to be attributable to pollution episodes.

Similar steps and risk estimates based on studies from France and Greece [34,35] lead
to an estimate of 0.10–0.23% deaths precipitated by pollution in people aged 65 years or
more. This amounts to 6000–13000 deaths per year in Europe west of the Urals.

The long-term effects of air pollution with elevated SO2 concentrations are expected to
include decreased pulmonary function. Residents in areas with mean annual SO2 levels
exceeding 100 µ/m3 are expected to have an average level of pulmonary function 4–7%
below that of people living in areas with annual pollution levels below 50 µg/m3 [36]. The
available exposure data indicate that this decline can be expected in 3 million or, with
extrapolation of the coverage to all cities, 9 million people. The effects should be concen-
trated in the CCEE and NIS, since annual mean levels of SO2 were found to exceed
100 µg/m3 only in the cities of these countries.
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studies from Sweden and the United King-
dom indicate that asthma prevalence is on
the increase [27, 28]. Genetic predisposition
and a sensitization to allergens (including
environmental allergens such as biological
contaminants in indoor air) are important
determinants of the clinical disease. Some
200 organic and inorganic compounds are
known to induce or exacerbate occupational
asthma [29], which is a rapidly growing oc-
cupational disease in industrialized coun-
tries. The role of air pollution in asthma is
still not clear; while aggravation of the exist-
ing disease seems to be related to several air
pollutants, the question of whether air pollu-
tion increases asthma prevalence remains
unresolved [30].

The respiratory system is the primary tar-
get organ of air pollutants. The volume of air
inhaled regularly (about 6–7 litres per min-
ute at rest) causes pollutants at relatively low
concentrations to penetrate the respiratory
system in considerable quantities. The spec-
trum of possible effects ranges from tempor-
ary, reversible changes in pulmonary func-
tion, through episodic symptoms that re-
strict normal activities, to permanent respir-
atory dysfunction and clinical forms of
chronic respiratory disease [31]. The most
severe effects may increase respiratory mor-
tality in the most susceptible groups of a
population. Epidemiological studies have
provided evidence for each of these effects,
and this is summarized in Chapter 5. In
Boxes 18.2–18.6 this evidence is combined
with the exposure estimates derived in
Chapter 5 to provide an approximate assess-
ment of the health impact of major air pollu-
tants. The estimates should be treated with
caution, however, because of uncertainties in
the data and in the underlying assumptions.

Since the analysed ambient air pollution
data cover only part of the Region, two expo-
sure estimates for the population are con-
sidered. In one, the population exposed to le-
vels over a selected threshold is assumed to
be limited to the residents of cities with air
pollution data that show such levels. This
should be considered as a lower limit of the
exposure estimate, as one can expect that

data are lacking from several cities with
heavy air pollution. The other estimate is
based on an extrapolation of the information
on air pollution, assuming the same popu-
lation distribution of exposure among resi-
dents of all areas (with and without data) in
the European Region west of the Urals. In
many cases, such extrapolation is likely to
overestimate the real pollution situation
since measurements are, in general, more
common in the more polluted cities. This es-
timate should therefore be taken as an upper
limit for the range of exposure.

The estimates of the effects of individual
air pollutants are presented separately. This
allows the health burden to be associated
with particular types of contaminant and
sources of air pollution. In most cases, how-
ever, populations are exposed to mixtures of
pollutants, and the effects on health of the
mixture may not be a simple sum of the ef-
fects of individual pollutants. Different envi-
ronmental conditions may result in different
patterns of respiratory morbidity. For
example, a high prevalence of bronchitic
symptoms in children in Leipzig was associ-
ated with high particulate pollution levels in
the city, while a high prevalence of asthmatic
symptoms in Munich was attributed to aero-
allergens, possibly linked with pollution
from road traffic, which is much more inten-
sive in the western than in the eastern part of
Germany [47,48].

As the estimates presented in Boxes 18.2–
18.5 and Table 18.1 indicate, a rather sub-
stantial population is exposed to ambient air
pollution at concentrations of concern to
health. Estimates of the consequences for
health indicate that this may cause a signifi-
cant number of respiratory disorders. Cur-
rently, exposure to particulate pollution
seems to produce the greatest effects. In
most cases, however, the symptoms are mild
and the most common effects on pulmonary
function are small and transient; their clini-
cal relevance is not clear. But recent epi-
demiological evidence indicates that even
relatively low levels of air pollution (mainly
suspended particulate matter and SO2) may
promote serious health effects, including the
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Box 18.3: Suspended particulate matter (SPM)

Several studies from Germany, Italy, the Netherlands and Switzerland [37–40] indicate
that acute lower respiratory tract morbidity in children is associated with particulate pol-
lution at daily levels around 150 µg/m3. On the basis of these reports and the results of
several studies conducted in the United States, one can expect a 30–50% increase in re-
spiratory morbidity following a day with 24-hour concentrations of total SPM exceeding
120 µg/m3. In European cities providing data for the analysis presented in Chapter 5, over
95% of residents (29 million people) were exposed to such concentrations for at least a
few days a year. Taking account of the frequency of such events it can be estimated that,
depending on the relative risk estimate, 7–10% of all respiratory disease episodes in
children living in towns with total SPM data can be attributed to high, short-term total
TSP levels. In the cities most frequently exceeding 120 µg/m3, over 21% of respiratory dis-
ease episodes in children are estimated to be attributable to pollution. If children living in
European cities have an average of four episodes of respiratory symptoms or illness per
year, as is indicated by Swiss data [40], 2–3 million such episodes can be expected in
those cities with data on total SPM pollution. These estimates increase tenfold (to 22–31
million episodes of respiratory illness in children per year associated with pollution) if the
pollution data are extrapolated to all cities in the Region west of the Urals.

Several studies on the association between daily mortality and air pollution allow one
to assume a 4–7% increase in risk of death among older adults on days with levels of total
SPM over 120 µg/m3. Calculations similar to those for morbidity indicate that, on aver-
age, 0.9–1.6% of deaths can be precipitated by the excess pollution in all cities for which
data are available, with the proportion reaching 3.4% in the most frequently polluted
towns. With an average mortality of 1000 per 100 000, this would result in 3000–5000
deaths per year in the cities with data, or 27 000–48000 deaths if the exposure distribu-
tion is extrapolated to all European cities west of the Urals.

Chronic effects include a 3% decrease in average levels of pulmonary function per 50
µg/m3 of annual average total SPM concentration over 60 µg/m3 [41]. The results pres-
ented in Chapter 5 indicate that lung function may be reduced in over 60% of residents of
cities with data, with the changes exceeding on average 2% of a normal level in half of this
group (9 million people). In the cities with the highest observed pollution levels, the de-
crease may exceed 5% of the normal level; this can be expected in Barcelona, several cities
of northern Italy, Sofia and Ruse in Bulgaria, and Lithuanian cities (4.5 million people or
15% of the population with data).

A prospective study in California [42] found that the risk of obstructive airways disease
was increased by about 1.3 times and the risk of asthma by 1.7 times per 1000 hours with
total SPM levels over 200 µg/m3 in a ten-year period. Since data on one-hour total SPM
concentrations were not available for this analysis, these risks are assumed to be associ-
ated with 100 days per year with 24-hour total SPM concentrations exceeding 150 µg/m3.
This is probably a conservative estimate, but it is necessary to consider the possible inter-
action of total SPM with other pollutants, such as oxidants, in the exposure of the Califor-
nian population studied. Such a situation was recorded for over a quarter of the residents
of European cities with data on total SPM. On average, 7% of all cases of obstructive air-
ways disease and 15% of asthma cases might be attributed to exposure to total SPM in
these cities, the proportions reaching 11% and 23%, respectively, in those Lithuanian
cities with the greatest part of the population exposed. Assuming that the annual inci-



Effects on Health of Environmental Exposure 483

Box 18.3: Suspended particulate matter (SPM)

dence of obstructive airways disease is 8 new cases per 1000 population, and that of
asthma 4 cases per 1000, then an estimated 18000 new cases of obstructive airways dis-
ease and 18000 new cases of asthma per year can be attributed to the excess total SPM in
cities with data. These cases are expected to occur in Bulgaria, the Czech Republic, sev-
eral cities of northern Italy, Lithuania and Romania. If the data are assumed to be repre-
sentative for all European cities, the expected number of new cases of obstructive airways
disease and asthma attributable to total SPM exposure increase to 176000 and 183000
per year, respectively. When the lower limits of the confidence intervals for the relative
risk estimates from the California study are considered (1.11 for both types of disease)
total SPM exposure could account for at least 2.8% of cases of obstructive airways disease
and asthma.

Box 18.4: Nitrogen dioxide (NO2)

Several epidemiological studies indicate an increase in the incidence of irritant symptoms
(eye irritation, sore throat and phlegm) and transient decreases in pulmonary function in
the days with increased NO2 levels (see Chapter 5). Lower respiratory tract illness in
children, provoking a medical visit, is a more serious effect. Based on a study from Ger-
many [39] it can be assumed that the incidence of lower respiratory tract illness increases
by 30–50% in days with mean NO2 concentrations over 150 µg/m3. According to the
analysis presented in Chapter 5, about 23% of the populations in cities with NO2 data ex-
perience an average of 16 such days per year. The proportion of episodes of lower respir-
atory tract illness that can be attributed to NO2 is therefore estimated to be 0.3–0.5% in
children of all cities in the Region west of the Urals. For Belgrade, with 88 days per year
of high NO2 levels, the proportion of cases of lower respiratory tract illness attributable to
NO2 pollution episodes reaches 11%. If, on average, there are 25 cases per 100 children
per year,a then 17000–29000 illness episodes per year can be attributed to increased le-
vels of NO2 in cities with data. If the exposure in the remaining cities is similar, the total
number of cases in children attributable to high NO2 pollution should be in the range
58 000–99 000 per year.

Based on an analysis of data from a national study conducted in the United States [43]
one can expect a 2–5% lower level of pulmonary function in populations exposed to an
annual mean level of NO2 exceeding 60 µg/m3 than in residents of less polluted areas (a
5% decrease for each additional 40 µg/m3). The available exposure information indicates
that over 17 million people live in cities with such NO2 levels; this can be assumed to be
the minimum number of people affected. When the exposure situation is extrapolated to
all cities in the Region west of the Urals, the number of people with decreased pulmonary
function rises to an estimated 60 million. The percentage change that indicates a clinically
adverse effect can vary between groups and situations [31].

a Braun-Fahländer et al. [40] quote an incidence of 50–100 episodes per year of respiratory disease with
breathing difficulty; a conservative estimate would be that half of these are episodes of lower respiratory
tract illness.
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precipitation of death, in the most suscep-
tible groups of a population [19,50].

In considering the impact of environ-
mental factors on the respiratory system, the
role of indoor air pollution must be empha-
sized, since people spend a substantial part
of their lives indoors and exposure to several
factors occurs mainly indoors. Energy con-
servation measures may be associated with
low rates of air exchange and increased con-
centrations of contaminants. The effects of
involuntary smoking on the respiratory
health of children are probably the best rec-
ognized and have been extensively illustrated
in recent reviews [3,44]. Exposure to ni-
trogen oxides may also increase the fre-

quency of respiratory illness in young
children. Issues of emerging importance in-
clude the biological components of indoor
air pollution, which may increase allergic
sensitization [51]. Significant determinants
of this type of pollution are building con-
struction and ventilation. Warm, damp con-
ditions promote the growth of biological
agents (house-dust mites, fungal spores) pro-
ducing allergens that may provoke allergic re-
spiratory disease, especially in small children
[52,53].

To summarize, current trends in air pollu-
tion exposure lead one to expect a general
decrease in the incidence of respiratory
health problems most clearly related to

Box 18.5: Ozone (O3)

Several North American and European studies indicate that the risk of acute episodes of
cough and eye irritation in children can be about twice as great during days with one-hour
concentrations of O3 exceeding 200 µg/m3 than on days with lower concentrations; these
effects were not seen in adults. In a sunny year such as 1989, between 38% and 56% of the
European population was estimated to be exposed to O3 concentrations over 200 µg/m3

for an average of 3.8 days. The resulting proportion of symptoms attributable to this expo-
sure could be 0.4–0.6% with the lower, more realistic, estimate corresponding to the as-
sumption that O3 levels in large cities in northern parts of Europe do not exceed 200 µg/
m3. With an average of four episodes of throat and eye irritation occurring annually in
each child, as indicated by a Swiss study [40], one can expect a surplus of 2.6–4 million
episodes per year. In children living in the southern parts of Belgium, Luxembourg and
the Netherlands and adjacent areas of France and Germany, where O3 concentrations ex-
ceeded 200 µg/m3 for 19 days (the maximum frequency estimated for 1989), 3–5% of the
estimated episodes during the year could be attributed to O3 exposure.

In a year with low O3 levels, such as 1985, the attributable proportion falls to 0.07–
0.09% of episodes.

The above estimates are likely to represent the upper limit of the effect. The relative risk
of 2.0 is based on a study conducted in a summer camp where children spent most of the
time outdoors and some were involved in exercise, increasing the respiration rate. If a
more conservative risk estimate of 1.5 is applied, the attributable proportion falls to 0.20–
0.29% in a sunny year and to 0.03–0.05% in a normal year. The symptoms are rather
mild, and the small (1–4%) transient changes in pulmonary lung function connected with
exposure that were observed in several studies (see Chapter 5) are of uncertain clinical
significance.

A cross-sectional analysis [43] has indicated that one can expect a 2–4% decrease in
pulmonary function in people aged 6–24 years and living in areas with long-term average
O3 concentrations of 120–140 µg/m3. The percentage of the European population experi-
encing such exposure rose from about 3 in 1985 to 27 in 1989. To predict a resulting de-
crement in lung function in the population with sufficient confidence, however, the re-
sults would need confirmation by other studies.
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winter-type smog episodes: lower respiratory
tract illness or the aggravation of symptoms
of chronic obstructive lung disease. On the
other hand, the old problems may possibly
be replaced by an increase in allergic sensi-
tization and allergic diseases, including bron-
chial asthma, owing to more frequent expo-
sure to allergens in the outdoor and (mainly)
indoor environments. With the levels of
summer-type smog pollutants rising, the inci-
dence of allergic symptoms may increase in
the Region.

Communicable diseases

The role of infectious diseases as a cause of
death has fallen over the past 20 years in the
Region as a whole, but mortality has been
markedly above the average and has declined
more slowly in the NIS. The main infectious
diseases causing death are respiratory tuber-
culosis and various forms of septicaemia. In
the Region in general, effective immuniz-
ation programmes have substantially re-
duced the incidence of several infectious dis-

eases. Diphtheria, however, has dramatically
increased in recent years in some of the NIS,
mainly the Russian Federation and Ukraine,
most probably owing to the failure to main-
tain effective vaccination programmes.

Tuberculosis continues to present a major
problem in the Region. In many European
OECD countries, the historical decline in
notification has ceased in recent years and in
some the trend has reversed. Tuberculosis
mortality is steadily increasing in a number
of the NIS, while no decline is seen in most
of the CCEE. The extent to which this gen-
eral deterioration is due to social and econ-
omic factors, multiple drug resistance or, in
some countries, the spread of infection with
HIV is unclear and requires research.

Infant mortality rates from infectious dis-
eases vary strikingly, ranging from 0.4 per
thousand live births in the European OECD
countries, through 4.7 in the CCEE, to 9.2
in the NIS. These differences indicate clearly
that infectious disease in the first year of life
is a priority area for intervention in the
CCEE and NIS.

Box 18.6: Indoor air pollution

Several air pollutants present indoors may affect the respiratory system. Among them, the
best evidence concerns the effects of environmental tobacco smoke and NO2.

Available epidemiological data indicate that the risk of lower respiratory tract illness in
infants increases by about 1.5–2.0 times if mothers smoke at home [44]. Assuming that
35% of children have mothers smoking at home (based on the range of 20–50% reported
by nine countries) maternal smoking can be estimated to account for 15–26% of episodes
of lower respiratory tract illness in infants. With an annual incidence of 30% among 7 mil-
lion infants living west of the Urals, one can expect 300000–550000 episodes per year of
lower respiratory tract illness to be attributable to this factor. This number would be
greater if allowance were made for an increased risk (although to a lesser extent ) of lower
respiratory tract illness in older children.

The risk of various respiratory symptoms in schoolchildren (ranging from chronic
cough or chronic wheeze to bronchitis), due to increased levels of NO2 in homes
equipped with gas stoves, was found to increase by some 20% for an increase of 30 µg/m3

NO2 [45]. Assuming that about 50% of housing in urban areas of Europe is equipped with
gas appliances, some 9% of respiratory symptoms can be attributed to indoor exposure to
NO2; the attributable risk ranges from 4% to 14% in situations of extreme exposure. If the
average estimate is applied to 31 million children in cities in the Region west of the Urals,
in which the incidence of chronic respiratory symptoms is 1–2%, we can expect that
28000–56000 children per year may have chronic respiratory symptoms related to indoor
NO2 exposure.
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The quality and availability of data on ex-
posure to pathogenic microorganisms in
drinking-water vary greatly across the Re-
gion; data are generally inadequate in the
CCEE and NIS. Nevertheless, large popu-
lations in the CCEE, particularly in rural
areas and more widely in the NIS, clearly
suffer serious deficiencies in both the avail-
ability and quality of the water supply.

Waterborne hepatitis A infection remains
a public health problem in several countries,
with relatively high rates in Poland, Romania
and the NIS. While imported cases of chol-
era occur sporadically throughout the Re-
gion, recent outbreaks of indigenous cholera
have also been reported in the Russian Fed-
eration (1990 and 1991), Tajikistan (1993)
and Ukraine (1991). Romania has reported
cases in small villages in the Danube delta in
each of the last four years. Several other
types of waterborne gastrointestinal infec-
tion have been reported in the Region (due
to Salmonella, Shigella, Campylobacter and
Cryptosporidium spp. and Escherichia coli, for
example).

Foodborne microbiological contami-
nation has increased over the last decade, as
shown by a dramatic increase in related dis-
eases [54]. Salmonellosis is still the most im-
portant foodborne disease, even though it is
no longer the leading gastrointestinal infec-
tion in some countries. In the Netherlands,
for example, Campylobacter infections are
three times more common than Salmonella
infections; a similar trend has been observed
in England, Wales and Scotland. Cases due
to E. coli have increased in all countries. Lo-
calized increases have been recorded of in-
fection with Listeria monocytogenes in some
western European countries, of brucellosis
in Turkey and of trichinellosis in Bulgaria,
Poland, Romania and the former Yugoslavia.

The contamination of meat or freshwater
fish with parasites is an increasingly recog-
nized problem in the Region. Some two mil-
lion people in the Russian Federation, for in-
stance, may be infected with liver flukes; the
prevalence is also high in endemic areas of
Kazakhstan and Ukraine.

Underreporting of both foodborne and

waterborne infections is certain to occur,
since only the more severely affected people
will seek medical treatment. Because
national standards vary, data on levels of
contamination that exceed them cannot be
interpreted or used for extrapolation in the
same way as has been possible for major air
pollutants. On the basis of a study in the Ne-
therlands, however, 130 million people in the
Region may suffer from gastroenteritis an-
nually (see Table 18.1): the cost of such in-
fections in the Region may be in the order of
billionsa of US dollars each year.

For bathing water, links have been estab-
lished between sewage contamination and
gastrointestinal and upper respiratory tract
symptoms [55]. Swimming in heavily pol-
luted water carries the risk of contracting in-
fections such as typhoid fever, shigellosis,
leptospirosis and hepatitis A. The link be-
tween moderately contaminated water and
minor infections is more contentious be-
cause these conditions are common and
multicausal.

The Mediterranean basin, which receives
waste and sewage from 18 countries, offers
an example of the problems of bathing water
pollution. These problems were recognized
by the launching of the Mediterranean Ac-
tion Plan. About 130 million people live in
the area and 100 million tourists visit an-
nually. The real size of the health effects has
yet to be evaluated but preliminary estimates
indicate that, for each million people at risk,
25000–40000 will have gastrointestinal
symptoms caused by contaminated bathing
water. Assuming that at least 100 million
people a year bathe in the Mediterranean, a
minimum of 2.5 million cases of gastrointes-
tinal infections are to be expected annually.

Waste may contain hazardous biological
agents; an accumulation of municipal solid
waste that is not properly disposed of can
lead to an increase in the number of rats or
insects acting as carriers of infectious dis-
ease. Infection from direct contact with
waste contaminated with microorganisms is
limited but may occur in an occupational set-

a 1 billion = 109.
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ting, particularly where people handle hospi-
tal waste containing sharps contaminated
with hepatitis B or hepatitis C virus and, po-
tentially, HIV. Pathogenic agents from im-
properly stored or treated waste may also
contaminate drinking-water sources, and in
this indirect way constitute a potential
source of communicable diseases.

Inadequate housing conditions facilitate
the transmission of pathogenic microorgan-
isms. The proportion of dwellings that lack
an indoor piped water supply or are not con-
nected to sewage systems or septic tanks ex-
ceeds 80% in certain of the CCEE and NIS,
particularly in rural areas. According to the
available data, as many as 110 million people
live in dwellings without a piped water
supply (see Table 18.1) and this includes 86
million people in the NIS. This may increase
the risk of communicable diseases, through
contact with microbiologically contaminated
water and through lack of water for personal
and domestic hygiene, especially in densely
populated urban areas. The available data
are too scarce, however, to provide an esti-
mate of the contribution of these conditions
to the incidence of communicable disease.
Overcrowding and inadequate ventilation
may increase the incidence of infectious
(mostly respiratory) diseases but, again,
quantification of the risk is difficult.

Thus, the incidence of communicable dis-
eases (and resulting infrequent mortality) is
closely related to the microbiological con-
tamination of food and drinking-water in
many parts of the Region. Deficiencies in
urban and rural development that affect sani-
tation and housing may also have a signifi-
cant impact on morbidity from communi-
cable disease. The most important health-re-
lated problem with bathing water is microbi-
ological contamination.

Injury and poisoning

Among males aged 1–44 years and females
aged 1–14 years, injury and poisoning are
the leading causes of death throughout the
Region. In all European OECD countries ex-
cept Finland, however, the mortality rates

have been declining for most of the past 20
years. In the CCEE, mortality from injuries
and poisoning is also declining but at a
slower rate, having been higher than in west-
ern Europe by almost 100% in males and
70% in females for most of the past 20 years.
The main causes of fatal accidents are road
traffic accidents, suicide and self-inflicted in-
juries. Mortality rates due to poisoning are
extremely high in the NIS, being more than
three times those in the CCEE and over ten
times those in western Europe.

Accidents at work, which result in 10 mil-
lion injuries annually, are an important pub-
lic health problem. They result in the deaths
of about 25000 workers in the Region per
year, and cause permanent disability in 20–
30 workers per 100000 [56]. In high-risk oc-
cupations such as construction, 25% of
workers suffer accidents. The cost to the in-
dividuals affected and their families is im-
measurable; that to society can be measured
as a significant economic loss in the region
of 1–4% of gross national product.

The existing methods of assessing and reg-
istering accidents at home preclude a precise
assessment of the overall size of this health
problem. Domestic accidents largely affect
the very young and the elderly, with most of
the deaths occurring in the elderly. Data
from one country indicate that a significant
fraction (about 13%) of fatal accidents in the
home can be attributed to defects in housing
construction.

The number of casualties from road traffic
accidents is extremely high, with over 350
people killed and 6000 people injured daily.
The number has increased in some of the
CCEE since 1989. Countries with the hig-
hest mortality rates also have the lowest
number of vehicles per person and therefore
the highest number of deaths per 100000 ve-
hicles. The extent of accident risks, and of
those risks affecting health, varies markedly
between countries. Annual mortality rates
from road traffic accidents range from 9 per
100000 in the Netherlands, Norway, Sweden
and the United Kingdom to 23–27 per
100000 in Hungary, Poland and Portugal.
Since most accident victims are young or
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middle-aged, the loss to society is particu-
larly significant.

Estimates of the impact of these almost
entirely preventable accidents on the popu-
lation of the Region are given in Table 18.3.

Major industrial (including nuclear) acci-
dents with large-scale environmental impacts
on health are a serious potential hazard. All
possible measures should be taken to prevent
them and to mitigate the consequences of
any such accidents that may still occur (see
Chapter 16).

Effects on the nervous system and
mental disorders

The prevalence of mental disorders ranges
from 6% to 22% in various parts of the Re-
gion. The more severe forms, such as schizo-
phrenia, have a frequency of 1.5–4.2 per
1000 population. Common mental disorders
such as depression, anxiety, aggressive behav-
iour or alcohol abuse precede most suicides,
which are the cause of 1.5% of all deaths and
23% of deaths due to injury and poisoning.
Suicides are more frequent in males than in
females by a factor of 2.8. Overall mortality
due to suicide tended to decrease in the last
decade, but that in males increased in several
countries. The possible role of environ-
mental factors in causing or aggravating
these disorders is rather uncertain.

Several chemicals may be a hazard to the
nervous system. An overview of environ-
mental exposure to selected chemicals con-
cludes that exposure to lead is at levels of
concern for health in several parts of the Re-
gion. A threshold for the neurobehavioural
effects of exposure to low levels of lead is dif-
ficult to identify, so it is prudent to assume
there is no safe level [57]. Exposure to elev-
ated levels of lead can still be caused by
plumbosolvent drinking-water in lead pipes,
flakes of old lead-containing paint, dust and
contaminated soil, including the deposition
of emissions from vehicles using leaded pet-
rol and from lead in the air in areas around
some industrial emission sources such as
metal smelters and processing plants, par-
ticularly in the CCEE and NIS. Some two

million people, including 400000 children,
are estimated to be exposed to levels of lead
in ambient air exceeding WHO air quality
guideline levels (see Table 18.1). The most
important potential effect is impaired mental
development in children [58], which can be
expressed as a reduction in IQ scores by an
average of 2–10 points in this group of
400000. Also, it can be estimated that the
number of children with a relatively high IQ
(above 125) is reduced by approximately
20000 in the affected areas of the CCEE.
The loss of IQ points is likely to be most im-
portant at the lower end of the distribution,
where it will push more people into the
mentally subnormal range with consequent
costs for individuals and society. Lead de-
posited on the soil around industrial hot
spots (where levels of pollution are such that
adverse effects on health are to be expected)
persists in the environment, so the exposure
of children and the related effects on their
health may continue even after industrial
emissions have been controlled. The expo-
sure can be significantly reduced, however,
by such means as appropriate soil reculti-
vation and the exclusion of food production
from the contaminated areas. The exposure
of populations to lead, especially in eastern
European cities, may be expected to increase
with increasing traffic density unless un-
leaded petrol is introduced on a significant
scale. This is indicated by the experience of
western European countries from the 1970s,
when leaded petrol combustion was the
major source of lead exposure.

A risk of neurological effects may be
linked with exposure to methylmercury.
Blood levels of 200 µg/l may be associated
with an approximate 5% risk of mild neur-
ological effects [59]. People who consume
large amounts of fish may be exposed to high
levels of methylmercury, but in a recent
study in the Faroe Islands blood levels of
methylmercury did not exceed 50 µg/litre
even in those eating five fish meals a week
[60]. The effects of methylmercury exposure
on the developing nervous system are more
difficult to assess. The lack of adequate data
has not permitted the setting of a tolerable
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intake level. Thus, a potential but unquantifi-
able risk to the fetus and infant is associated
with the pregnant woman and nursing
mother who consume large amounts of fish
contaminated with methylmercury.

Effects on the developing nervous system
in babies might be expected from exposure
to polychlorinated biphenyls in mothers’
milk. Any such risk may be expected to be
greater in population groups that consume
large amounts of fish [61].

Several occupational factors may have an
impact on the nervous system or on mental
health (see Table 18.2). Noise at intensities
exceeding safety levels is associated with a
number of occupational activities and is esti-
mated to affect 20–50% of workers. Besides
noise-induced hearing loss, exposure is
known to produce psychological stress and
sleep disturbances. Psychological stress sig-
nificantly affecting the wellbeing of workers
has become an important issue in increas-
ingly competitive societies. Psychological
overload (reported by 30–50% of surveyed
workers) time pressures at work and job dis-
satisfaction create strains that may also af-
fect the somatic health of employees and
contribute to cardiovascular morbidity [62].

In addition, emergencies can affect mental
health; in the 1980s the term “post-traumatic
stress disorder” was introduced to describe
repeated findings in survivors of various
types of catastrophe [63]. The chemical acci-
dent at Seveso was followed by an increase in
cardiovascular mortality soon after the acci-
dent. This has been interpreted as most
probably due to aggravation, under severe
stress, of existing ill health [64].

Various psychosocial effects were de-
scribed in the aftermath of the Chernobyl ac-
cident, both in the areas close to the acci-
dent and in other countries affected by the
radioactive cloud that followed the explosion
at the reactor. These effects ranged from
anxiety and psychosomatic disorders among
people living in the areas close to Chernobyl
[65] to behavioural changes that led, for in-
stance, to a decrease in the conception rate
and an increase in induced abortions in
some other populations [66,67].

Haematological effects

Methaemoglobinaemia in infants may be as-
sociated with exposure to nitrates in drink-
ing-water exceeding 100 mg/l (the WHO
guideline is 50 mg/l). Such concentrations of
nitrates have been detected in several coun-
tries. In samples from 2000 locations in Ro-
mania, for example, nitrates exceed 100 mg/l
in 17%; in Bulgaria this value is exceeded on
a regular basis. In Denmark, high nitrate
concentrations have forced some small water
supply systems to close.

Exposure to elevated levels of carbon
monoxide (CO) with the formation of car-
boxyhaemoglobin may similarly impair the
oxygen-carrying capacity of the blood. In ad-
dition to the aggravation of cardiovascular
disease the effects, which can occur in do-
mestic situations, range from mild drowsi-
ness to unconsciousness and death. Home
accident statistics from the United Kingdom
report 200 deaths a year from CO poisoning.
Data on nonfatal outcomes are limited. It
seems likely that CO exposure may pose a
similar hazard in other countries of the Re-
gion.

Musculoskeletal disorders

Musculoskeletal disorders are a frequent out-
come of inadequate ergonomic conditions at
work, including physical overload or strain.
Such conditions are estimated to affect 16%
of workers in the European Union. In many
countries, growing mechanization and auto-
mation is reducing the number of exposed
people, but harmful work conditions may
still prevail in certain parts of the Region
(see Table 18.2). Some 5% of workforces are
exposed to vibration. Besides aggravating the
effects of noise, vibration produces muscu-
loskeletal disorders and affects the periph-
eral nervous system.

Birth defects and reproductive effects

Exposure to environmental contaminants be-
fore or after conception may affect reproduc-
tion by causing cell death or damage. This
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can lead to infertility in the adult or sponta-
neous abortion of the conceptus, and low
birth weight, birth defects or later structural
or functional defects in the offspring. The
cause of a large proportion of birth defects is
unknown [68] and it has been suggested that
environmental exposure may play an import-
ant role [69].

Exposure to various environmental factors
such as methylmercury, polychlorinated bip-
henyls and pesticides has been associated
with reproductive effects. The diversity of
prevalence of the birth defects selected for
study may be attributed largely to differences
in ascertainment among registries of birth
defects. The role of other factors, however,
including environmental exposure, cannot
be ruled out. In some cases accidental envi-
ronmental exposure to pesticides, for
example, has been suspected of causing con-
genital malformations, as reported from
Hungary [70].

Wellbeing

Besides effects on physical or mental health,
various environmental factors may and do
affect wellbeing.

Waste may directly affect some groups of
people by diminishing the aesthetic value of
the environment. The visibility of litter and
waste is the main worry for local popu-
lations, both urban and rural; odours from
waste disposal sites may also be detrimental
to wellbeing. The perception of a health haz-
ard, even without environmental contami-
nation, may also be significant, as it impairs
wellbeing by promoting anxiety. The prob-
lem of anxiety induced by misunderstanding
or uncertainty about risks also applies to
other environmental factors, particularly
radiation.

To a large extent, living conditions deter-
mine the feeling of wellbeing. In general, the
population of the Region does not suffer
from obvious, severe deficiencies of housing
as seen in other parts of the world, where
massive shanty towns surround large cities
and inner cities show gross deterioration.
The Region has the problem of homeless-

ness, however, although statistics are not al-
ways available. This problem can be ex-
pected to increase, owing to the greater mo-
bility of people within and between countries
and the unsatisfactory economic situation in
many of them, as well as the influx of war
refugees in some countries. The average
space per person in houses in the Region
usually exceeds minimum hygienic require-
ments although, in some of the CCEE and
NIS, this average may be very close to or less
than the minimum. As well as facilitating the
spread of communicable disease, overcrowd-
ing is a potent cause of stress.

Recreational activity can also be an im-
portant factor for wellbeing. Physical exer-
cise may promote a feeling of wellbeing, ac-
companied by measurable improvements in
physical fitness.

The frequency of complaints about noise
indicates that a significant proportion of
town residents in the Region feel that it af-
fects their wellbeing and quality of life (see
Table 18.1). Road traffic is the major source
of residential noise, but people increasingly
complain about the behaviour of neighbours,
and this is a much more difficult source to
control. The tendency over time shows a
degradation: the percentage of the popu-
lation exposed to levels above 65 dBA was
estimated at around 15% at the beginning of
the 1980s, and 26% by the early 1990s
[71,72].

The main adverse effects of such noise are
general annoyance, and disturbance of sleep
and communication. Prolonged exposure
may possibly have long-term consequences
for health. Whether or not leisure noise,
such as loud music, may permanently impair
hearing is still unclear.

18.1.2 Global and transboundary
effects

The potential health effects of possible glo-
bal warming from the generation of green-
house gases, or of stratospheric ozone de-
pletion by chlorofluorocarbons and similar
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compounds, are discussed in Chapters 5 and
11. It is difficult to consider such effects in
the context of existing differences in health
status in the Region. The problem concerns
possible effects in the future – even in future
generations. In addition, it is the possible in-
direct effects on health of both global warm-
ing and ozone depletion that would be of
greater importance. This is not to say that in-
creases in ultraviolet B radiation, which may
result from ozone depletion, will not in-
crease the risks of developing skin cancer
and cataract (Box 18.7) but these sequelae
are preventable by simple measures. Indirect
effects on food production, the distribution
of vector-borne diseases and the creation of
refugees from environmental disasters, for

example, would be far more difficult prob-
lems to tackle.

Other transboundary issues, such as acid
deposition and the pollution of river basins,
are of more obvious and immediate environ-
mental health concern but also have possible
long-term effects on human health. Major
rivers such as the Rhine and the Danube,
and hundreds of smaller rivers that either
cross national frontiers or form natural
boundaries, require joint management by all
the countries concerned to protect the avail-
ability and quality of water supplies. Such
management must take account of the vul-
nerability of downstream populations to un-
controlled activities in the higher reaches of
such watercourses. Inland lakes and seas

Box 18.7: Ultraviolet (UV) radiation and cataract

In 1988, 17 million people worldwide were estimated to be blind due to cataract. In the
United States alone, some one million cataract operations take place each year. In addi-
tion to acute skin damage (erythema) and skin cancer, UV radiation can cause cataracts.
Depletion of the stratospheric ozone layer by chlorofluorocarbons and similar com-
pounds results in an increase in the UVB 280–315 nm component of solar UV radiation
reaching the earth; the amount of UVA (315–400 nm) remains much the same. Any such
enhancement of terrestrial UVB from solar radiation will increase cataract formation and
therefore blindness.

The interaction causing cataract is better understood at the chemical level than that
leading to late effects on the skin, and is mediated by photo-oxidation of lens proteins
among other processes. The action spectrum for cataract formation is still being investi-
gated but, with existing solar energy distribution, 300–340 nm is most damaging.

On the basis of information on the dependence of the incidence of non-melanoma skin
cancer on UV radiation [46], it can be calculated that a 1% decrease in stratospheric
ozone will lead to about a 2% increase in UV radiation and somewhat more than a 2% in-
crease in cataract. The effect would not be strictly linear, and it is estimated that a 10% or
50% decrease in ozone would cause an increase in cataract formation of 24% or 400%, re-
spectively.

It is thought that during the next decade the daily dose of erythema-causing UVB may
increase by up to 6% in the Northern Hemisphere (at 35�N), depending on the season, as
a result of ozone depletion. It may be assumed that cataract induction will increase by up
to 10% as a result, unless preventive measures are adopted.

Everyone is susceptible to cataract induction, and skin pigmentation is not a protective
factor. Thus, everyone should adopt precautions to limit exposure, such as wearing glasses
and wide-brimmed hats and avoiding the midday sun. Diet could be a sensitizing or a de-
sensitizing factor; for example, vitamins C and E seem to provide protection against the
photo-oxidation of proteins and thus cataract formation. Drugs such as chlorpromazine
are known to be capable of enhancing cataract formation in the presence of UV radiation.
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with coastlines shared between two or more
countries also require joint management for
the protection of water supplies, fishing re-
sources and recreational waters, all of which
are important for health and wellbeing.

International migration and its often as-
sociated homelessness also have short- and
long-term implications for human health.

Another potentially important category of
transboundary problem relates to trade,
whether in contaminated food, industrial
goods or hazardous waste. These activities
may have adverse and more immediate ef-
fects on health. But for these problems, too,
steps need to be taken now to change trade
procedures and prevent continuing risks to
health.

18.1.3 Effects on health of non-
environmental factors

Environmental factors are only one of the
known causes of health problems, and only
rarely the single cause. This can be the case
for communicable, foodborne or waterborne
diseases, for example, or for the very spe-
cific, rare effects of exposure to high levels
of radiation or toxic chemicals, usually re-
sulting from occupational exposure or an ac-
cident. The registered occupational diseases
are, in the vast majority of cases, fully at-
tributable to environmental conditions at
work.

Many factors are known to increase the
risk of diseases linked to environmental ex-
posure. Probably the most important is to-
bacco smoking. Active smoking at least
doubles the risk of chronic obstructive air-
ways disease and significantly affects lung
function. In populations where smoking
prevalence exceeds 40%, the proportion of
this disease attributable to it approaches
30%. This exceeds, by at least a factor of
two, the maximum contribution of urban air
pollution. In addition, tobacco smoking has
been recognized as a significant risk factor
for cancer at various sites, and the elimin-
ation of smoking is estimated to have the po-
tential to reduce mortality from such cancer

by 30% (for cancer of the pancreas) to 90%
(for lung cancer in males) [14]. Smoking is
known to interact with some types of envi-
ronmental exposure. For example, as pre-
viously mentioned, smokers exposed to as-
bestos or radon have a greater risk of lung
cancer than nonsmokers. A part of the ex-
cess mortality in males is interpreted as re-
sulting from the difference in smoking preva-
lence between the sexes [73]. To a large ex-
tent, the unfavourable trends in cardiovascu-
lar and cancer mortality observed in middle-
aged men in the CCEE and NIS can also be
attributed to smoking.

Certain types of cancer may be associated
with alcohol consumption, as is a significant
proportion of injuries and deaths caused by
accidents in road traffic, the home and the
workplace. In such accidents, the external
environmental conditions combine with
people’s reduced ability to cope with them.

Dietary factors (including fat, fibre and
vitamin intake) are crucial in the etiology of
cardiovascular disease and may also be im-
portant contributors to major types of
cancer, particularly of the stomach, colon,
rectum and breast.

The relationship between inequalities in
various indicators of health status and so-
cioeconomic factors are discussed in
Chapter 4. Poor socioeconomic status is
likely to be accompanied by poor lifestyle ha-
bits and quality of the environment. Extreme
poverty is associated with restricted access
to adequate food, water, housing and health
services; with living in highly polluted urban
areas; and with a lower level of education.
The last of these influences the choice of life-
style, the understanding of hygiene and the
use made of health care services. There are
strong and obvious associations between
poverty and health. While poverty is a less
severe problem in the European Region than
in some other parts of the world [72] the
proportion of people living close to or even
below the social minimum income level is
considerable in many countries.

This situation may be aggravated in some
areas of the Region by economic recession
and unemployment, social change and the
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unstable political situation, which in extreme
cases has resulted in war. Inadequate social
support systems to assist people in these cir-
cumstances can result in a significant de-
terioration in their health. Ineffective preven-
tive medicine and health services may have
the same effect. An example is the dramatic
increase in diphtheria incidence in some of
the NIS. Economic deterioration in a
country may also reduce the ability of gov-
ernment organizations to protect the popu-
lation from exposure to environmental
health hazards.

18.1.4 Discussion

According to the existing data presented in
Chapters 5–17, several environmental ha-
zards occur at levels of concern to health in
the European Region. Tables 18.1–18.3 sum-
marize the extent of the estimated exposures.
The analysis has emphasized measurable
data and recognizable effects and, wherever
possible, the data have been extrapolated to
entire populations. The data presented in
Table 18.1 reflect an important difference be-
tween the monitoring of air and water pollu-
tants for assessing population exposures.
Local monitoring of ambient air pollution
provides an index of exposure and a basis for
assessing the related risks to health. The
equivalent – monitoring of surface waters –
although relevant to a greater proportion of
the population, gives little information about
actual exposure to pollutants in drinking-
water. In general, the monitoring of water
quality is concentrated on the early stages of
the supply system and is aimed at anticipat-
ing and controlling exposure and reducing
risks through subsequent management,
rather than evaluating actual exposure and
effects. Thus, exposure–effect data are even
more limited for water pollutants than for air.

The precision or uncertainty of the esti-
mates depends on the quality and availability
of the data, as well as on the validity of the
assumption described earlier in this chapter.
Even allowing for the considerable uncer-
tainties, the estimates indicate that a sub-

stantial proportion of the population of the
Region is exposed to environmental factors
that are a potential risk to some aspect of
health. The most common outcomes are
mild illnesses, which are difficult to register
by existing systems. Deaths, on the other
hand, are well registered in most countries
and provide the main basis for comparisons
of health status. Fatalities are rarely attribu-
table to environmental exposure, except in
the case of accidents. The magnitude of the
impact of environmental conditions on the
health of the population of the Region, in
terms of morbidity, is hard to estimate at
present.

As a number of uncertainties remain
about exposure patterns and effects on
health, no assessment can provide a com-
plete and exact picture. In particular, local
environmental problems are not sufficiently
documented and a number of hot spots have
therefore probably not been recognized. Al-
though hot spots may significantly increase
the risks to a large number of people, their
impact may be diluted to the point of con-
cealment in overall population data. Further,
the range of health effects considered may
be limited owing to a lack of appropriate
monitoring data and/or insufficient quanti-
tative risk assessment of certain potential ha-
zards [14]. For example, the extent of popu-
lation exposure to potentially carcinogenic
air pollutants such as PAH is impossible to
assess, although estimates of their emissions
to the environment or of their ambient con-
centrations may be known in selected areas.
The recent developments in the methodol-
ogy of environmental health assessment, in-
cluding molecular biomarkers, promise to
provide better tools for estimating exposure
and detecting early health effects. An
example of this is provided by a study con-
ducted in Poland [74] where a higher rate of
genetic alterations in somatic cells was ob-
served in people living in Silesia, a heavily in-
dustrialized region, than in predominantly
rural control areas. Intensive research work
is also being carried out to assess the poss-
ible role of such genetic changes in the eti-
ology of cancer [75]. These developments
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may help to resolve the present difficulties in
establishing a causal relationship between
long-term, low-dose (and often ill-defined)
exposure to environmental agents and the
occurrence of various common types of
cancer, the cause of which is probably multi-
factorial. A small contribution by the en-
vironment in public health terms may never-
theless mean that environmental factors af-
fect the health of a large number of people.
Work is also needed to identify vulnerable
subgroups in the population and elucidate
the basis for their increased susceptibility to
environmental agents. In addition, the extent
to which such groups are unprotected by
existing guidelines needs to be established.

The estimates of people’s exposure to en-
vironmental factors and the related effects
on their health (presented in Tables 18.1–
18.3) indicate a number of environmental
hazards that potentially affect the health of
the Region’s population, in addition to the
important effects of lifestyle or socioeco-
nomic factors. Recent experience indicates
that much environmental exposure, and the
morbidity related to it, can be reduced.

As far as anyone knows, the dominant risk
factors for the most common severe dis-
eases, such as cardiovascular diseases and
most types of cancer, are related to individ-
ual characteristics or to lifestyle, including
smoking habits and diet; certain occupations
may also be important determinants. Mortal-
ity from these diseases is also inversely corre-
lated with national income. These factors
seem likely to be major causes of the differ-
ences in mortality between countries in the
eastern and western parts of the Region. The
state of the environment, however, can be an
important determinant of morbidity and
have a positive or negative influence, even if
indirect or secondary, on the development of
many other diseases. Assessing the risk at-
tributable to environmental factors is the
first step in risk management to promote an
environment supportive to health in the Re-
gion. Better information on population expo-
sure and better understanding of the links
between health and environment are needed
to reduce uncertainties in risk assessment.

18.1.5 Conclusions

The first part of this chapter has provided an
integrated account of the effects on health of
environmental exposure in the Region. In so
doing, it has taken account of the interaction
of the environment with personal, social and
economic influences. The conclusions reach-
ed, when read with the recommendations at
the end of this report, should provide a
framework within which each Member State
can identify its own environmental health
priorities. The European Region contains
over 850 million people, stretches from
Greenland to the Pacific Ocean, and em-
braces a rich variety of cultures, terrains and
climates and different stages of socioeco-
nomic development. It would be vain to ex-
pect that a single set of priorities would be
relevant to all. The provision of a universal,
safe and convenient water supply may well
be the top priority in one Member State,
radon exposure in buildings in another, and
the problems of rapid urbanization or inner
city decay in a third. Nevertheless, a number
of the issues that have emerged from the
Concern for Europe’s Tomorrow assessment
are of such actual or potential importance to
so many people in the Region that, in the in-
terests of equity and solidarity, they are con-
sidered worthy of the urgent attention of all
Member States.

Lack of information about environ-
mental health

Lack of comparable data of an appropriate
quality is a major obstacle to priority setting
and environmental health management in
the Region. A set of core environmental
health indicators needs urgently to be agreed
and developed for use on a Region-wide
basis. This will help in the assessment of en-
vironmental effects on health and the formu-
lation of feasible interventions to improve
both environment and health. In addition,
better information for the public is needed to
promote understanding of environmental
health risks and priorities.
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Microbiological contamination of water
and food

Without ready access to a supply of safe
water 110 million people in the Region, prin-
cipally in the CCEE and NIS, are at risk of
serious health problems; the situation is ag-
gravated by poorly maintained distribution
systems and lack of water treatment plants.
The microbiological contamination of food
is a more general and increasing problem in
the Region. Contamination originates prin-
cipally from the farm, but can occur at any
stage from production to consumption.

Death and injury due to accidents

When considered together, accidents on the
road, at work and in the home are the largest
single cause of death and disability among
young people in the Region, with a corre-
spondingly heavy burden of social and econ-
omic loss to society.

Although behavioural factors are import-
ant, appropriate and practicable environ-
mental interventions to reduce accidents are
available. In its World development report
1993, the World Bank [76] introduced a
measure for the burden of disease that takes
account of disability as well as loss of life ex-
pectancy: the disability-adjusted life year
(DALY). According to this approach, 473
million DALYs of disease burden per year
are attributable globally to selected environ-
mental threats. Of the 50 million of these
that can be averted by feasible interventions,
the burden due to road traffic and occupa-
tional accidents comprises the largest
number, 22 million. Accidents in the home
were not specifically included in the World
Bank’s analysis but here, too, there is scope
for prevention.

Major technological accidents capable of
causing severe environmental effects on the
health of large numbers of people are a seri-
ous potential hazard. The principal need is
to reduce the likelihood of their occurrence.
Accident prevention should be built into the
design and operation of all potentially haz-

ardous installations, and backed up by ad-
equate resources for proper maintenance
and repair, including trained staff. Finally, it
is essential that contingency plans be devel-
oped to deal with any accident that may still
occur.

Air pollution

Although emissions of particulate matter (in-
cluding lead) and SO2 have been reduced in
many parts of the Region, they still create
unacceptable levels of urban air pollution,
particularly in some southern European
cities and the CCEE and NIS. The rapid ex-
pansion of road traffic throughout the Re-
gion is increasing air pollution from nitrogen
oxides, volatile organic compounds (with re-
sulting formation of ozone) and, where un-
leaded petrol is not used, lead. Thus winter
and summer types of smog still occur.

More attention should be given to the ef-
fects on health of indoor air pollution. The
effects of environmental tobacco smoke, es-
pecially on the health of children, and of
radon are of particular concern.

It is estimated that some hundreds of mil-
lions of people may be exposed to air pollu-
tants at levels exceeding the WHO air quality
guidelines. In most cases, the exposures re-
late to urban populations and occur in short
episodes. Associated health effects are
usually mild and restricted to transient re-
spiratory symptoms. In some susceptible
people, however, the effects may be more se-
vere.

Road traffic

While the impact of energy production and
industry on environmental health is under-
stood, the impact of road traffic is less well
acknowledged. In addition to the mortality
and disability due to accidents on the road
and the increase in air pollution related to
road traffic, the growth in the number of pri-
vate motor vehicles causes increasing noise,
congestion and delays in most cities in the
Region. Although these effects on physical
and mental health must be balanced against
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the advantages of private motor cars, overall
transport policies are needed that take full
account of environmental health.

Housing and urban development

In a Region where more than two thirds of
the population live in towns, the complex en-
vironmental problems of the urban situation
deserve urgent attention. In addition to
urban noise and traffic, problems include
rapid urbanization without proper infrastruc-
tures in the south, and inner city decay in the
west, with substandard housing and home-
lessness. Inadequate municipal waste dis-
posal is a public health problem in some
parts of the Region, while lack of facilities
for recreation impairs the health and well-
being of many city dwellers. An integrated
approach is needed that builds on the WHO
Healthy Cities project.

Occupational health

The health effects of occupational exposure,
in contrast to other types of environmental
exposure, can usually be anticipated in cer-
tain types of industry or workplace. Appro-
priate preventive measures can reduce health
effects, including accidents, although it is
rarely possible to eliminate some hazards
completely. Just over half the Region’s work-
force has no access to specialist occupa-
tional health services; this is a major impedi-
ment to achieving such improvements Re-
gion-wide.

Global issues

Finally, there is the need to consider issues
that – even if they have little impact today –
may, if not checked, exert a significant im-
pact on the health of future generations in
the Region.

Some of these environmental health issues
are of global concern: possible climatic
change due to the production of greenhouse
gases and ozone depletion by chlorofluor-
ocarbons. While the industrialized countries
in the Region clearly have a role as major

contributors to these environmental effects,
the impact of these changes on the health of
the overall population is at present uncer-
tain.

Predicting climatic change and the effects
of global warming on health is difficult.
Nevertheless, the indirect consequences of
any such changes on human health by the
end of the next century are likely to be great.
They could result, for instance, from adverse
effects on food production, changes in the
distribution of vector-borne diseases, and in-
creased migration [71].

Changes in terrestrial levels of ultraviolet
radiation, as a result of the continuing de-
pletion of stratospheric ozone, directly in-
crease the risks of skin cancer and probably
of cataract (although both are preventable
by simple protective measures) and may indi-
rectly affect human health by disturbing the
normal food chain (by inhibiting the growth
of crop plants and phytoplankton). Changes
in ultraviolet radiation could also enhance
the effects of global warming.

Both these potential hazards to the health
of future generations require action now, at
least to prevent further deterioration.

The first part of this chapter discussed the
contribution of environmental factors to the
causation of common diseases. The next
step, a crucial one for the purposes of pre-
vention, is to link environmental exposures
and related health effects to economic activ-
ities. In general, the contribution of econ-
omic sectors to the environmental health
burden in the Region can only be defined in
qualitative terms; to go further would first
require quantitative information on source
emissions, resulting extent of exposure, and
exposure–effect relationships. Such compre-
hensive data are largely lacking, even at the
national level. In their absence, quantitative
comparisons of the environmental effects on

18.2 Role of Economic Sectors
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health of different economic activities can-
not be made.

Countries need such comparative assess-
ments to develop policies to improve envi-
ronmental health. The more localized and
specific a problem is, the more likely it is
that the source will be readily identifiable
and its environmental impact on health as-
certainable. If an environmental agent has
more than one possible source or an effect
has multiple causes, however, apportioning
responsibility can be very difficult. The diffi-
culty can only increase in moving from local
to national and then Region-wide situations.

In addition, all economic sectors provide
considerable benefits to health, whether di-
rect or indirect, by contributing to socioeco-
nomic development. The need is to ensure a
proper balance between the health benefits
and detriments arising from an activity.
However, the methodology for costing these
benefits and detriments (particularly in the
context of environmental health) as well as
for assessing the expected health gains com-
pared with the costs of intervention (at
source or by means of environmental clean-
up) is still rudimentary. Research is needed
to develop methods that can be applied in a
variety of circumstances.

The report of the WHO Commission on
Health and Environment [72] and of its pa-
nels on energy, food and agriculture, indus-
try and urbanization (including transport)
addresses the question of the benefits of
economic activities to, and their adverse en-
vironmental effects on, health in qualitative
terms and in a global context. Rather than
attempting to repeat or add to the reports,
the following sections try to provide a Euro-
pean perspective on economic activities in
the agricultural, energy, industry, transport
and tourism sectors relevant to the main en-
vironmental health issues identified in the
first part of this chapter.

18.2.1 Agriculture

Land used for agriculture comprises about
40% of the total in the Region, ranging from

less than 10% in Finland to over 70% in
Hungary, Ireland, Ukraine and the United
Kingdom. In the European Union, farming
makes a small and declining contribution to
gross domestic product (GDP) (about 2–4%
on average). The contribution is much
higher in the eastern part of the Region, but
has declined since 1985. The major environ-
mental effects of agriculture (see Table 18.4)
result from the introduction of intensive far-
ming methods to increase the production of
food and its availability at reasonable cost to
the consumer.

Animal husbandry

Large-scale, intensive animal husbandry is
accompanied by the widespread risk of con-
taminating animal food products with Sal-
monella or Campylobacter spp; related
human gastrointestinal infections are in-
creasing in many countries of the Region.
The situation is not uniform. A few countries
have eradicated, or are trying to eradicate,
stocks of infected animals, and of course not
all animal food production is of this inten-
sive type. In addition, animal waste may con-
taminate water sources and add to their nu-
trient load.

Agricultural chemicals

Fertilizer and pesticide use have increased
food production in recent decades, but have
also led to diffuse contamination of large
areas of soil and thence groundwater and
surface water. The rates of application, and
proportional productivity, vary widely in the
Region (Table 18.5).

Fertilizers and manure are widely over-
used or misused, but the average figures
given for countries in Table 18.5 may be mis-
leading. The figure for the Netherlands, with
a high proportion of agricultural land, can-
not be compared with that for Italy, for
example, where the proportion is only 30%
and some areas such as the Po valley may be
receiving far greater amounts of fertilizer per
unit area. Also, the average rates of appli-
cation for the former Czechoslovakia, Hun-
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gary and Romania are not particularly high,
but high levels of nitrate in water and cases
of methaemoglobinaemia in infants have
been reported in these countries.

In addition to these possible health ef-
fects, increased inputs of nutrients to fresh
waters and to coastal seawaters may lead to
algal blooms, which may sometimes cause
toxic effects in bathers and in consumers of
seafood from the area. In fresh waters, con-
tinued eutrophication may eventually lead to
oxygen depletion. The economic conse-
quences of these changes in water quality
justify preventive action, even in the absence
of pronounced effects on human health. It
should also be noted that the use of am-
monia fertilizers in some north-western
countries of the Region may contribute di-
rectly to the acidification of soils and
groundwater.

Adverse effects on health from occupa-

tional or accidental exposure to pesticides
are well documented. The exposure of the
general population to low levels of pesticides
in drinking-water and food are not known to
affect health. Very high levels of pesticide
use are reported in some of the NIS, and a
number of health effects have been at-
tributed to exposure in areas around the Aral
Sea, for example.

Irrigation

The area of irrigated land has considerably
increased in the last 10–15 years, particularly
in the semi-arid regions of the Mediterra-
nean, the CCEE and the NIS. The CCEE
have the highest percentage of irrigated land
in the Region.

The adverse environmental effects of irri-
gation include the depletion of water
supplies from upland areas, rivers and local

Table 18.5: Annual nitrogen application rates to agricultural soil, 1990
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artesian sources, and the salinization and al-
kalinization of soils by mobilization from
deeper levels, which makes them unfit for ag-
riculture or grazing. The area around the
Aral Sea provides an all too clear example of
what can be wrong with irrigation schemes,
and what may result: desertification, loss of
two thirds of the water inflow to the Sea, and
the eradication of local fishing.

Another and more direct effect of irri-
gation on health, resulting from the diver-
sion of rivers and the creation of artificial
reservoirs, is the spread of human parasite
diseases whose life cycle involves aquatic in-
termediate hosts. One of the most serious of
these is a species of liver fluke, which has a
prevalence of 40% or more in parts of Ka-
zakhstan, the Russian Federation and Uk-
raine. Two million people are thought to be
affected in the Russian Federation, with an
estimated annual economic loss in excess of
US $700 million.

Global climate change

Table 18.6 indicates the global sources of
man-made greenhouse gases. Agricultural
activities contribute significantly to the gen-
eration of methane and nitrous oxide, from
anaerobic denitrification in soils and sedi-
ments with high levels of nitrate. Changes in
agricultural practices have been suggested,
including the more efficient use of nitrogen-

ous fertilizers, recovery of animal waste, im-
proved methods of rice cultivation and
special diets for ruminants.

Trends

As mentioned, agricultural production has
increased enormously in the Region in the
last few decades, largely as a result of the in-
tensification of agricultural and animal hus-
bandry practices, particularly in northern
countries. While the provision of adequate
amounts of food at affordable prices is essen-
tial for health, the associated environmental
effects have been serious and the potential
implications for health significant. A better
balance is needed between productivity and
consumer safety.

There is evidence of change in this direc-
tion, particularly in the European Free Trade
Area, and even a revival in some western
countries of traditional or “organic”
methods of farming. Traditional farming ac-
counts for less than 1% of total activity, and
has increased costs for the consumer. Public
interest in such a development, however, can
only increase pressure for changes in main-
stream agricultural practices.

18.2.2 Energy

Table 18.7 summarizes the main effects of
energy production and use. The combustion

Table 18.6: Percentages of total anthropogenic emissions of greenhouse gases from various sources, 1990
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of fossil fuels for energy production in power
plants, industry and transport is the major
source of urban ambient air pollution with
suspended particulate matter, nitrogen ox-
ides (NOX), carbon dioxide (CO2) and SO2.
In general, coal is the most polluting fossil
fuel (particularly if its sulfur content is high)
followed by oil; gas is the cleanest, producing
far less SO2 and particulates. Table 18.8
shows the approximate relative proportions
of air pollutants emitted by the main fossil
fuels.

Sulfur dioxide

About 90% of all SO2 emissions result from
fossil fuel combustion in power stations, cen-
tral heating plants and industry, the highest
emissions coming from sulfur-rich coal and
heavy fuel oil. The levels of emission in the
CCEE are very high in comparison to the
scale of energy consumption because of their
dependence on poor quality coal, along with
the lack of control technology; the domestic
use of coal also contributes. Emissions of
SO2 in the NIS are relatively the lowest be-
cause of the high proportion of natural gas
used. In general, most western countries of
the Region now have a reasonably balanced
use of fuels, with adequate technological
control of emissions.

Particulate matter

Coal combustion largely accounts for
emissions of suspended particulate matter
(particularly in the CCEE) although the use

Table 18.8: Approximate relative emissions of pollu-
tants from the main fossil fuels per unit of energy de-
livered

of diesel- and petrol-fuelled vehicles also con-
tributes.

Smog

The combustion of fossil fuels is largely re-
sponsible for winter-type smog in urban
areas, and for levels of SO2 and suspended
particulate matter that exceed the WHO air
quality guidelines; these have potential ad-
verse consequences for health, particularly
the respiratory system. The effects are grea-
test in the eastern and some southern coun-
tries of the Region that use sulfur-rich coal.
Technologies exist for controlling emissions
of SO2 and particulate matter, and the incor-
poration of such technologies in all new
plants utilizing coal and oil will be an im-
portant element in achieving sustainable de-
velopment.

Transboundary acid deposition

The generation of SO2 and NOX results in
transboundary acid deposition. As men-
tioned above, 90% of SO2 emissions arise
from fossil fuel combustion, and about 30%
of the total emissions of NOX in the Region
come from power and heating plants (about
20% of emissions in western countries and
40% in eastern countries). Fig. 18.1 shows
the contributions of different sources to acid
deposition. Significant reduction in NOX

emissions has not occurred on a Region-
wide scale. Improved energy efficiency and
conservation may prove to be more practi-
cable options than the introduction of deni-
trification techniques or burners producing
low levels of NOX.

Global climate change

As mentioned, greenhouse gases such as
CO2 and methane may have important indi-
rect effects on health by changing the global
climate. About 80% of total CO2 emissions
come from energy sources; coal and oil con-
tribute comparable amounts to the total in
the Region. Coal production and leakage
from gas distribution systems contribute sig-
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nificantly to methane emissions (see also the
section on agriculture, p. 497). Improved
energy efficiency and conservation are prob-
ably the most important tools for reducing
emissions of CO2. Another possibility is the
use of alternative, renewable energy sources.

Nuclear energy

As discussed earlier in this chapter, the main
risks to environmental health from nuclear
energy are related to the possibility of acci-
dents and the problem of high level radioac-
tive waste disposal. Routine releases to the

environment constitute a far smaller hazard
to health than does exposure to natural
sources of radiation such as radon gas.

Trends

Future emissions from fossil fuels in the Re-
gion will depend largely on changes in the
mixture of fuels used to produce energy in
different countries, and the extent to which
control technologies are introduced where
these are not already in place. Economic
conditions, particularly in the countries in
transition, make it likely that major changes

Fig. 18.1: Estimated contributions of different sources to the potential acid deposition in five European countries,
1990



504 Estimated Health Effects of Environmental Exposure and Role of Economic Sectors

will be slow to take place. Energy efficiency
has greatly improved in recent years in the
western countries of the Region, whereas
centrally planned economies had no incen-
tive for such improvement because of sub-
sidies.

Nuclear power is unlikely to develop much
further in the near future; a few countries,
such as Bulgaria and France, already meet
most of their energy needs from this source.
Of the possible renewable sources of energy,
the most likely options for development
seem to be wind, biomass, waste and landfill
gas, but their contribution will remain minor
in the short term.

It is estimated that energy consumption
will grow by about 1% per year across the
Region in the next decade, depending on the
pace of economic recovery from recession.
Table 18.9 indicates the current and esti-
mated future patterns of use. The increased
use of gas is the most serious prediction; this
would certainly reduce environmental effects
on health associated with the energy sector.

18.2.3 Industry

Table 18.10 indicates the environmental pol-
lutants associated with different types of in-
dustrial activity. In general the traditional
heavy, energy intensive, air polluting indus-
tries (iron and steel, non-ferrous metals) pre-
dominate in the eastern parts of the Region,
while the western countries have moved to-
wards service industries. Chemical indus-
tries (agrochemicals, paints and pharma-
ceuticals) are of major importance in the Re-
gion; the potential environmental effects are

primarily hazardous waste and accidents.
The production of plastics increased sub-
stantially in western countries and the
CCEE in the 1980s but is now slowing.
Plastics manufacture is associated with low-
level releases of solvents, but a more import-
ant environmental problem is the disposal of
solid waste, ultimately including the end-
products. At present, semiconductor (elec-
tronics) industries are largely located in
western countries; they use a wide range of
metals, acids and solvents, which may give
rise to environmental hazards to health if
there is leaching into drinking-water
supplies.

The preceding section made clear that
much of the environmental impact of indus-
try is related to the use of fossil fuels as a
source of energy. In the European Union, for
example, about 25% of total SO2 emissions
from fossil fuel combustion arise from indus-
trial use. Fig. 18.2 illustrates the final energy
consumption by industry in different parts of
the Region. The average efficiency of fuel
(and raw material) consumption has been
higher in the established market economies.

Firm evidence linking the environmental
health effects of particular environmental
pollutants to particular industrial activities is
limited, but it exists for certain heavy metals
and arsenic, for example. For the great ma-
jority of industrial environmental pollutants,
health effects may have been documented
among people with occupational exposure
(at levels 1–3 orders of magnitude greater
than those encountered by the general pub-
lic) or following accidents; nevertheless,
there is no adequate evidence of effects on
health from the low levels of exposure to in-

Table 18.9: Current and future shares of the main energy sources in gross consumption
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dustrial pollutants in the general environ-
ment. Thus, while the potential for adverse
effects from a variety of toxic chemicals re-
mains and necessitates continued surveil-
lance, the main focus for current environ-
mental health concerns about industrial ac-
tivities is related to hot spots of air, soil and
water pollution, particularly with heavy
metals.

Emissions to air

Not only is the proportion of heavy industry
greater in eastern than in western countries
of the Region (the former USSR was the
world’s largest producer of iron and steel)
but many of the plants in operation were
built when productivity had absolute prior-
ity, and measures to control emissions were
not incorporated in their design. Thus some
non-ferrous metal smelters in the so-called

Black Triangle (in the Czech Republic, east-
ern Germany and Poland) and parts of Ro-
mania, for example, have produced levels of
environmental contamination with lead that
outweigh any contribution from road traffic.
The contamination of soil with heavy metals
will persist as a legacy of industrial pollution
even after emissions have been controlled.

Ozone depletion

Industry is the source of ozone-depleting
chlorofluorocarbons (CFCs) and halons,
which are widely used as propellants and
coolants. International protocols to protect
the stratospheric ozone layer, by phasing out
the production and use of man-made ozone-
depleting agents, are in place and are likely
to be further refined. In the short term, less
damaging halocarbons are replacing CFCs
as coolants; for the long term, non-halogen-

Fig. 18.2: Final energy consumption by industry, 1970–1989
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ated compounds are the goal. It should be
noted that CFCs are also important green-
house gases.

Industrial wastewater

Industrial discharges, particularly of organic
chemicals and heavy metals, may also di-
rectly contaminate water. Data on dis-
charges to water according to industrial sec-
tors are scarce, but the Danish Environ-
mental Protection Agency has published
such information [77] (Fig. 18.3 and 18.4).
In the European Union, industrial treatment

of wastewater before disposal is common
practice. Many large industries in eastern
Europe would have adopted similar treat-
ment, but its high cost and the economic dif-
ficulties of transition have increased dis-
charges of industrial effluents into municipal
waters, where there is no equipment to deal
with such waste. The prohibitive additional
costs involved may preclude the treatment
and use of water sources for drinking. While
potential effects on health can thus be
avoided, the costs of industrial pollution
have to be measured instead in fewer sources
of drinking-water.

Fig. 18.3: Discharges of wastewater by industry in Denmark, 1992

Fig. 18.4: Discharges of nitrogen and phosphorus by industry in Denmark, 1992



508 Estimated Health Effects of Environmental Exposure and Role of Economic Sectors

Hazardous waste

The proper disposal of hazardous industrial
waste (containing for example solvents,
acids, oils, paints and heavy metals) is essen-
tial if health effects are to be avoided. In the
European OECD countries more than 70%
of such waste is disposed of in landfill sites,
about 8% is incinerated and 10 % recovered.
In the former USSR, however, waste man-
agement had much lower priority than indus-
trial output; the NIS have many thousands of
dumps of unprocessed industrial waste,
which pose serious potential environmental
hazards to health.

Accidents

The potential effects of major industrial acci-
dents are well recognized, but this is perhaps
not the case with accidents to workers dur-
ing routine industrial operations. Neverthe-
less, these cause huge health and economic
(3–5% of gross national product) costs to so-
ciety. The total annual average rates are 20–
100 accidents per 1000 workers, of which
about 10% are severe and 1–3% result in per-
manent disability. There are about 25000
fatal accidents a year among the 400 million
workforce in the Region (see Table 18.3).
The risks vary between industries, and be-
tween similar industries in different coun-
tries. Scope for prevention already exists,
and environmental factors (including haz-
ardous machinery) are important determi-
nants.

Trends

In the western countries of the Region large
industrial companies, particularly those in
chemicals and oil, have led the way in the
last decade in adopting integrated environ-
mental management practices. These substi-
tute prevention for environmental clean-up,
include environmental costs in production
costs, analyse product life cycles, and move
towards clean technology and waste minim-
ization. These measures may be backed up
by government use of economic instruments,

and the requirement for environmental im-
pact assessment (preferably environmental
health impact assessment) prior to new in-
dustrial developments.

Such environmental management systems
have yet to be applied in the CCEE and NIS.
The clean-up of existing environmental
health problems remains a priority. At the
same time, however, investment in a sustain-
able market economy will inevitably be ac-
companied by the use of improved technol-
ogies and practices to prevent environmental
impacts on health.

18.2.4 Transport

Transport is both a tool for and an indicator
of economic development. Road transport in
particular constitutes an important use of
fossil fuel energy in the Region, varying from
7% of total energy consumption in the
former Czechoslovakia to about 30% in
France. Nearly all the western countries of
the Region have increasingly moved away
from less polluting and more energy-efficient
rail and water transport to road and air trans-
port for both passengers and freight. Former
policies in the CCEE and NIS promoted
public transport, including railways; even in

Fig. 18.5: Rate of increase in car ownership in seven
European countries, 1970–1990
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Bulgaria, which has the highest proportion
of road traffic use in the CCEE, only one
third of total freight is moved by road. The
use of cars, however, shows every sign of in-
creasing in these countries (Fig. 18.5) while
increasing trade between eastern and west-
ern countries makes it likely that the number
of heavy goods vehicles will also increase.
Table 18.11 summarizes the main environ-
mental effects of road, water and air trans-
port.

Accidents

About 350 people are killed each day on the
roads in the Region, and a further 6000 are
reported injured; the incidence is propor-
tionally greater among young people. A de-
crease in mortality has been observed in
western countries over the past decade. In
eastern European countries, the rates have
increased after remaining stable or declining
until 1986–1987, and are likely to increase
further as the number of vehicles on the
roads increases.

Air pollution

Because of the low height of emissions from
road vehicles, they are particularly important
in determining exposure at ground level in
cities.

As a result of a major switch to unleaded
petrol in western countries, lead emissions
from cars decreased by 50% from 1982 to
1989 while remaining unchanged in eastern
countries. Although diesel engines emit
more particulate matter than petrol engines,
the latter emit a significant proportion of
small, respirable particles.

Road traffic contributes about 50–60% of
total NOX emissions in the Region, the pro-
portion being higher in western than in east-
ern countries. The more energy-efficient die-
sel engines contribute proportionately more
and, although comprising only 2.5% of total
vehicles, they give rise to 45% of NOX from
road traffic. The rise in the number of cars
lessens the benefits of the increasing use of
catalytic converters in petrol-fuelled vehicles

in western countries. Many of the cars in
eastern European countries have highly pol-
luting two-stroke engines, and an increase in
numbers is unlikely to be accompanied by an
increase in use of catalytic converters in the
short term.

Fewer data are available for volatile or-
ganic compounds (VOC). About 35–45% of
these are thought to result from road traffic,
by fuel combustion and evaporation. A sub-
stantial reduction in population exposure to
ozone requires the control of emissions of
NOX and VOC. Three-way catalysts are im-
portant for both, along with improved energy
efficiency and traffic regulations in urban
areas.

Global climate change

About 25% of the total man-made emissions
of the greenhouse gas CO2 come from trans-
port, of which road traffic makes up about
80%. Emissions of CO2 from vehicles cannot
be controlled by end-point technology such
as catalytic converters, but will depend on in-
creased fuel efficiency and a switch to
smaller, lighter cars.

Noise and urban congestion

Noise and urban congestion from traffic im-
pair the quality of urban life. As with air pol-
lutants, an increase in the number of cars is
likely to undermine or negate the effects of
improvements in technology to reduce noise
per vehicle. Road traffic controls to decrease
congestion are also likely to reduce the im-
pact of noise.

Trends

Without major changes in transport policies
and public attitudes, the environmental
health effects of transport can only grow
worse as the number of motor vehicles in-
creases. Effective public transport systems
are an alternative that could reduce acci-
dents, congestion, pollution and noise, but
several approaches are likely to be needed in-
cluding the segregation of road users, the en-
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forcement of speed limits and parking re-
strictions, and the use of economic incen-
tives.

18.2.5 Tourism

Tourism is important as a source of employ-
ment and as a contributor to GDP; globally
it is second only to oil as an economic factor.
Consumer demand is growing. Most north-
ern countries of the Region are net spenders,
while tourism makes an important contribu-
tion to GDP in some Mediterranean coun-
tries: nearly 7% in Portugal, for example.
Fewer data are available for the eastern
European countries (except Hungary, where
tourism contributes 3% of GDP) but it is an-
ticipated that tourism may serve as a focus
for economic recovery in some areas. Most
tourism in the European Region is concen-
trated around the Mediterranean and the
Alps, with 157 million and 100 million tour-
ists per year, respectively.

Effects on the environment and the
health of tourists

The effects of tourism on the environment
include the defacing of landscapes by devel-
opments for tourists, erosion of coastlines
and mountain slopes (with increased risk of
avalanche), accumulation of litter, loss of
natural habitats and over-abstraction of
water (Table 18.12). Host communities may
suffer disruption, not least from traffic con-
gestion and noise.

About 70% of municipal sewage in the
Mediterranean region is discharged un-
treated, and bathing waters and local shell-
fish are subject to microbial contamination.
Tourists visiting the Mediterranean from
elsewhere in the Region are thought to be at
20 times greater risk of developing diar-
rhoeal illness than at home.

Trends

Most forecasts show an average rate of
growth in tourism of 3.5% per year in the

1990s, reaching 380–400 million arrivals an-
nually in Europe by 2000 (Fig. 18.6).
Measures to limit environmental health ef-
fects are likely to include better monitoring
and control of pollution, improvement of en-
vironmental awareness among tourists, limi-
tation of numbers, controls on land use, es-
tablishment of protected areas, and traffic
restrictions.

18.2.6 Conclusions

In all cases, the benefits from economic sec-
tors to society and to economic development
are accompanied by the potential for adverse
effects on environmental health. The vari-
ation in the scale of these effects between
and within the countries of the Region dep-
ends not only on the distribution of econ-
omic activities but also on the extent to
which prevention or control measures are in
place, as well as the characteristics of the ex-
posed populations.

Fig. 18.6: Trends in international arrivals to different
parts of the WHO European Region, 1985–2000
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In very general and over-simplified terms,
the countries with established market econ-
omies in the Region have progressed further
than others in controlling effects from
energy and industrial sectors, but are still
tackling the problems associated with inten-
sive farming practices and the huge number
of vehicles on the roads, particularly in
urban areas. While the legacy of former pro-
ductivity policies in the CCEE and NIS
means that considerable environmental
health problems related to energy and heavy
industry remain, those related to intensive
farming and road transport are not yet fully
manifest; the potential therefore exists to
avoid the damaging environmental situations
that prevail in many of the western countries
of the Region, and to achieve at an earlier
stage the desired balance between benefits
and detriments in these sectors.

Information from the World Bank [76],

adapted by the Environmental Forecasting
Bureau of the National Institute of Public
Health and Environmental Protection
(RIVM) in the Netherlands [78] and pres-
ented in Table 18.13, tends to support this
overview. Disease burden is measured in dis-
ability-adjusted life years (DALYs) which
take account of loss of (age-weighted) life ex-
pectancy as well as years of (weighted) dis-
ability for all possible causes of death and
about 95% of the possible causes of disabil-
ity. Differences, measured in DALYs, be-
tween the environmental health burdens in
the former socialist and the established mar-
ket economies in the Region, indicate the
health gains that could be expected from
measures to reduce occupational and road
transport injuries, high levels of air pollu-
tion, and microbiological contamination of
food and water.

Table 18.14 illustrates an analysis carried

Table 18.13: Estimated annual disease burden (disability-adjusted life years, DALYs) from selected environment-
related health problems
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out by the Netherlands Central Bureau of
Statistics of the contributions of different
economic activities in the Netherlands to net
domestic product (NDP), employment and
exports compared with selected adverse ef-
fects on the environment [79]. The data indi-
cate that the average contribution of each
branch of industry to these particular envi-
ronmental problems did not equal their con-
tribution to NDP and employment. The ex-
ceptions were chemical and oil industries
and agriculture.

While the economic benefits of activities
cannot be judged solely from their direct
share in NDP and employment, and the situ-
ation in one country cannot simply be extra-
polated to others, Table 18.14 indicates the
kind of approach that may be developed at
the national level to examine the balance be-
tween the benefits and detriments of differ-
ent economic activities, in order to identify
priorities for action in different sectors to
improve environmental health.
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As stated in the Commentary to the Euro-
pean Charter on Environment and Health,
environmental health as interpreted by the
WHO Regional Office for Europe:

includes both the direct pathological effects of
chemicals, radiation and some biological agents, and
the effects (often indirect) on health and wellbeing of
the broad physical, psychological, social and aes-
thetic environment, which includes housing, urban
development, land use and transport.

Thus, although the possible interactions of
lifestyle, nutrition and socioeconomic fac-
tors with environmental agents in determin-

19.1 Introduction
ing health status are discussed in the report,
these factors are not the subject of recom-
mendations for improving environmental
health.

Of the 50 Member States of the WHO Euro-
pean Region in November 1993, 17 could be
classified as lower-middle income, 14 as

a Recommendations are printed in bold type and
numbered. Priority recommendations are ident-
ified by an asterisk.

19.2 Economic Sectors

a
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upper-middle income and 19 as high income
countries. Gross domestic product per year
ranges from some hundreds of millions of
dollars to more than one thousand billion
dollars. Differences between countries are
smaller when the Human Development
Index is used.

Economic growth has slowed down in re-
cent years in the established market econ-
omies. Economic output has also sharply de-
clined in those countries in transition from
centrally planned to market economies; their
earlier expectations have had to be modified.
Economic pressures have led to the rapid
elimination of inefficient production, but it
has not been possible to replace this with
new and efficient activities. Transition will
be a long-term process.

Under these circumstances, achieving
quantifiable environmental health results
will require proper sequencing of events.

1.* The development and management needs
of environment and health should be built into
the overall programmes for transition in the
CCEE and NIS, so that their economic trans-
formation and development will be sustain-
able.

For the Region as a whole, sustainable devel-
opment will require substantial changes in
patterns of production and consumption.

The targets set by the United Nations
Conference on Environment and Develop-
ment in Rio de Janeiro in 1992 require a bal-
anced use of fuels with, in particular, a de-
crease in the use of coal and an increase in
the use of gas. Several factors have to be
taken into account, however: a country’s
natural energy resources; its desire to avoid
dependence on imported fuel, especially oil;
public concerns in some countries about nu-
clear power; and economic constraints that
limit imports and the availability of capital
for new power plants, for air pollution abate-
ment equipment in existing plants, and for
cleaning up the environment after years of
open-cast mining of lignite coal. Thus, most
countries in the western part of the Region
are seeking a balanced energy supply. In
many countries in transition in the eastern

part of the Region, however, economic con-
ditions require the continuing use of lignite
coal, although energy demands have de-
creased overall with the closure of unecon-
omical industries.

Increased energy efficiency and conser-
vation are crucial if optimal environmental
health is to be achieved in all countries of
the Region, but particularly in those with
transitional economies.

2. To increase energy efficiency and conser-
vation, the following tools should be con-
sidered: rationalization of energy prices; new
regulatory systems and more strictly enforced
standards; encouragement of competition;
adoption of improved technology for new
plants; and financial incentives.

3. Governments should try to increase public
awareness of the need for energy efficiency
and conservation, so as to promote the accept-
ance of individual as well as corporate respon-
sibility for sustainable development.

During the present period of recession and
transition, it is not possible to predict
whether the CCEE and NIS will follow the
pattern of the industrialized countries and
move from traditional heavy industry to ser-
vice types of industry.

Agricultural productivity per hectare is
greater in the western part of the Region
than in the CCEE and NIS, with a matching
food surplus compared with a deficit. The
most important factor in increasing food
production has been the intensive use of ag-
rochemicals, especially fertilizers. More in-
tensive farming practices will probably be
adopted in the CCEE and NIS.

4. The CCEE and NIS could benefit from the
experience of western Europe and, by adopt-
ing land-use restrictions and strict codes of
practice, avoid similar problems related to the
misuse of agrochemicals.

Road transport presents a similar challenge.
As soon as the economic situation improves,
the number of cars in the CCEE and NIS is
likely to increase rapidly.

5. To avoid an increase in road traffic acci-
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dents, noise nuisance, and urban air pollution
with the risk of summer-type smogs, the
CCEE and NIS should adopt as preventive
measures those actions that the rest of the Re-
gion is now taking to mitigate existing prob-
lems.

An increase in tourism in established tourist
areas such as the Mediterranean and the
Alps will aggravate existing inadequacies in
drinking-water supply and safe sewage dis-
posal. In the CCEE and NIS, on the other
hand, the likely substantial development of
tourism may provide a major boost to econ-
omic recovery.

Urbanization still seems to be increasing
in the CCEE and NIS, though it appears to
have passed its peak in the western part of
the Region. Nevertheless, the depressed
economic situation throughout the Region
encourages people to move to larger towns
in search of work. Municipalities may, as a
result, have difficulty providing housing and
adequate public health services.

Economic activities in the European Re-
gion are dominated by the recession, the ef-
fects of which are even more pronounced in
countries undergoing transition from
planned to market economies.

The effective implementation of environ-
mental health policies depends on:

(a) active cooperation, both vertically and
horizontally, between environment and
health departments and other relevant
sectors of government at all levels of
management;

(b) the provision of institutional frameworks
and adequate multidisciplinary profes-
sional training, together with the devel-
opment of the infrastructures necessary
for the operation of environmental
health services at all levels; and

19.3 Environmental Health
Management

(c) the involvement of nongovernmental or-
ganizations and the participation of an
informed public in decision-making pro-
cesses.

6.* Countries should develop and implement
environmental health policies based on strong
intersectoral cooperation. This approach
should be embodied in appropriate legislation,
institutional development and training.

7.* Procedures for environment and health
impact assessment should be introduced
throughout the Region and used at the earliest
possible stage of development of policies, pro-
grammes and projects.

8.* Accurate information on environmental
health issues should be made widely available,
so as to achieve better understanding of the
risks and to facilitate informed public partici-
pation in the development and implementation
of environmental health policies.

In many countries throughout the Region,
environmental health services are still devel-
oping.

9. Countries at the beginning of this process
of development should consider three main
areas of action.
(a) Strong intersectoral cooperation should

be established in order to develop sound
environmental health policies supported
by appropriate legislation.

(b) Institutional structures should be devel-
oped for delivering those policies through
environmental health services. These ser-
vices should be suitably supported and
guided by central administrations, but
also have the flexibility and capacity to re-
spond to local needs. Further, although
their development should reflect local cul-
ture and traditions, they should be able to
react quickly and effectively when action
on environmental health issues is urgently
needed.

(c) Training should be given to environmental
health professionals and managers so they
can deliver the services through the insti-
tutions that have been developed.
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Considerations of environment and health
should be inescapable elements of economic
and social development in the Region. Mar-
ket forces as they develop may ensure this:
industries that do not accept the challenge of
promoting environmental improvement and
health gain may become less viable in a com-
petitive world with an increasingly aware and
discriminating purchasing public. Internaliz-
ing the costs of health and environmental
impacts into the pricing of industrial and ag-
ricultural products could be a mechanism for
encouraging economies to support sustain-
able development. But this needs careful
monitoring to establish when these factors
support improvements in environment and
health, and how far overt planned interven-
tion is necessary. Intervention may take the
form of regulations or economic instru-
ments. The latter may be incentives (such as
government grants or tax reductions) or pen-
alties (based, for example, on the principle
that the polluter or the natural resource user
pays).

Better information on environment, econ-
omics and health is essential for efficient in-
vestment. Important elements are, for
example, how far people, companies and
governments are willing and able to pay for
improvements in the environment that are
known to or may affect health, and how
much health gain can be obtained from an
investment in environmental improvements
compared with the opportunity for and costs
of other investments for health.

10. Consideration of which environmental
health actions should be given priority should
include an assessment of their value for
money, in terms of the likely benefits to health
compared with the costs of different options
for environmental intervention. When there is
public pressure for costly environmental inter-
ventions, with uncertain benefits to health, so-

19.4 Economics, the Environ-
ment and Health

ciety’s willingness to pay should be an import-
ant determinant of action.

11. Greater use of economic instruments (in-
centives or penalties) should be considered to
achieve environmental improvements for
health.

Analysis of the health status in different
countries in the Region is based largely on
mortality data. Significant differences exist
between the CCEE and NIS on the one
hand and the rest of the Region on the other.
Life expectancy is lower in the eastern part
of the Region, with the highest mortality
rates predominantly in middle-aged men.
Premature mortality is largely due to cardiov-
ascular and respiratory diseases and, in men,
to cancer and accidents or poisoning. Life-
style factors, particularly smoking, are more
important determinants of these differences
in mortality than environmental factors. Sub-
national data are required to identify differ-
ences in health status within countries and
their causes, which may include environ-
mental factors.

Morbidity data are less readily available,
but may be important for assessing environ-
mental impacts on health.

12.* All countries in the Region should aim
to provide national and subnational mortality
data. Registers of cancers and congenital mal-
formations should be established where they
do not already exist. Information on occu-
pation, socioeconomic status, housing condi-
tions, educational achievement and lifestyle
should also be collected and made available.

There is a lack of comprehensive and com-
parable data needed to monitor environ-

19.5 State of Human Health

19.6 The Database
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mental conditions and their effects on
health.

13.* To achieve comparable environmental
health information systems within the Region,
strategies with clearly defined objectives
should be adopted for comprehensive environ-
mental health monitoring, taking into ac-
count all routes of exposure. They should be
adapted to local needs but, for data to be com-
parable and to facilitate regional analysis, a
harmonized approach must be taken to sam-
pling, analytical and statistical procedures,
quality assurance and reporting.

14.* To facilitate the monitoring of changes
in health status due to environmental factors,
core environmental health indicators should
be developed and applied throughout the Euro-
pean Region.

15.* For environmental health information
systems to be of practical use in decision-mak-
ing, better data are needed on exposure–re-
sponse relationships. This requires further
epidemiological research.

19.7.1 Ambient air

Many millions of urban dwellers are esti-
mated to be exposed to levels of particulates
and SO2 in ambient air that regularly exceed
the WHO air quality guidelines for Europe.
Episodes of winter-type smog still occur in
some cities, particularly where sulfur-rich
coal is used in industry and for power gener-
ation and domestic heating. In certain popu-
lations air polluted with lead, from point
sources such as non-ferrous smelters, re-
mains an important environmental health
problem.

16.* To safeguard human health, emissions
should be controlled so that ambient air
quality conforms with the WHO air quality
guidelines for Europe.

19.7 Air Pollution

17.* Particularly urgent action should be
taken about heavily polluted areas in the
CCEE and NIS and in some southern Euro-
pean cities. This will be greatly facilitated by
practical international cooperation.

The increase in the number of vehicles on
the roads continues to outstrip population
growth. Many countries are already trying to
limit the impact of road traffic on health. Of
particular concern are emissions of lead, ni-
trogen oxides and volatile organic com-
pounds (resulting in the formation of ozone
and episodes of summer-type smog), noise
(see p. 530) and accidents (see p. 534). Traf-
fic still has a major effect on health, how-
ever, particularly in urban areas, and the con-
tribution of transport sources to ambient air
pollution is thought generally to be increas-
ing. The contribution from diesel-fuelled
heavy goods vehicles is very likely to in-
crease as a result of freer trading conditions
in the Region. Relatively little information is
available on levels of pollutants inside ve-
hicles.

18.* All countries should adopt measures to
prevent air pollution from road traffic, such as
the development and implementation of com-
prehensive transport policies, together with ef-
fective urban planning. Such measures should
take full account of public health consider-
ations.

19.* All countries of the Region should pro-
gressively eliminate the use of leaded petrol.

20.* Effective emission control should be-
come obligatory in all new cars in countries
that do not yet require this.

21. Data should be obtained on levels of pol-
lutants inside motor vehicles under various
conditions of operation.

Efforts to improve energy efficiency and
conservation need to continue throughout
the Region; reducing fuel subsidies will pro-
mote such improvement. The above
measures will have the additional benefit of
reducing acid deposition and the generation
of greenhouse gases.
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19.7.2 Indoor aira

Chemical, physical and biological pollutants
in indoor air can have important effects on
health: allergies and respiratory illnesses
(particularly in children, from exposure to
NOx and environmental tobacco smoke);
carbon monoxide poisoning from malfunc-
tioning gas appliances and, possibly, aggra-
vation of cardiovascular disorders at lower
levels of exposure; and lung cancer from en-
vironmental tobacco smoke and other par-
ticulates. The risks increase where measures
to prevent heat loss and/or noise disturbance
reduce the rates of air exchange; and warm,
damp housing conditions encourage the
growth of moulds and house-dust mites, with
the production of allergens.

22.* Smokers and their families should be
made better aware of the effects of environ-
mental tobacco smoke on the health of others,
particularly children. Appropriate control of
tobacco smoking should be introduced in in-
door environments such as working and rec-
reational environments.

23.* Adequate air exchange in buildings
should not be prejudiced by energy conser-
vation measures.

24. All gas appliances should be properly
vented and maintained.

For both ambient and indoor air pollution
the available data are inadequate for repre-
sentative exposure assessment, or for defin-
ing exposure–effect relationships (for indi-
vidual pollutants and for mixtures of pollu-
tants). The thresholds for effects and the
identities of vulnerable groups have not yet
been clearly established. Thus the degree of
protection afforded by the current WHO air
quality guidelines for Europe is uncertain.

25. Methods should be agreed on and
adopted in the Region to monitor pollutants
over time and space, using appropriate quality
assurance and control. The use of mobile per-

a Radon is considered under Ionizing Radiation,
p. 530.

sonal monitoring techniques and biological
monitoring should be encouraged, in order to
obtain information on actual exposures of in-
dividuals.

26. Studies should be undertaken to estab-
lish:
(a) exposure–effect relationships for various

ambient and indoor pollutants (including
their effects on vulnerable groups); and

(b) the importance of individual pollutants
versus a mixture of pollutants.

27. Research should be carried out to assess
the role of air pollutants, including indoor
biological agents, in the increasing preva-
lence of asthma.

The availability and quality of water are es-
sential for the maintenance of human health.
Disparities in the Region are marked: short-
ages of water occur in some southern and
eastern countries, coverage with water
supply systems is incomplete in rural areas
in parts of northern and eastern Europe, and
the problem of both supply and quality is
more widespread in the NIS.

Leakages create a need for greater quan-
tities of water and the use of poorer quality
sources; defects in badly maintained distribu-
tion systems, as well as shortages in the
water supply, can result in contamination of
the network. Occasional outbreaks of acute
disease are reported across the Region, as a
result of microbiological contamination
from sewage systems or breakdown in the
treatment of drinking-water supplies. These
problems are greatest in the CCEE and NIS,
and are probably underreported. Water-
borne, bacterial, viral (particularly hepatitis
A) and protozoal diseases are important.
Sporadic outbreaks of cholera have occurred
recently in some parts of the CCEE and
NIS. The difficulties with monitoring, pa-
thogen identification and effective water

19.8 Water Supply and Quality
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treatment and supply are unlikely to be
solved quickly.

The free supply of water is conducive to
misuse and may result in the need for water
treatment exceeding capacity. It may also re-
sult in inadequate funding for the mainten-
ance of distribution systems.

28.* Urgent steps must be taken to ensure
that the entire population of the Region is pro-
vided with reliable supplies of safe drinking-
water.

29.* High priority should be given to prevent-
ing the microbiological contamination of
drinking-water by:
(a) effective protection of water sources and

adequate provision and maintenance of
distribution networks and sewage treat-
ment plants;

(b) improvement of techniques for drinking-
water treatment, including disinfection for
small communities; and

(c) development of low-cost and reliable indi-
cators for microbiological contaminants.

Exposure to high levels of, for example, ni-
trate (from agricultural sources) or other
chemicals (from accidental industrial re-
leases) are known to have acute effects on
health. For many substances, however, epi-
demiological data on the possible long-term
effects on health of exposure levels are poor,
and do not provide an adequate basis for as-
sessing risks. Very little is known about the
long-term effects of exposure to the mixture
of substances present at low concentrations
in drinking-water. Nevertheless, drinking-
water sources must be protected from pollu-
tion by industrial and agricultural chemicals
and municipal wastes, particularly nitrates
and pesticides from diffuse sources. Many
countries rely on groundwater sources,
which are vulnerable to such pollution and
slow to respond to remedial measures.
Further, increasingly sophisticated treatment
for a wide range of chemical contaminants is
a less practical option for many countries
than protecting drinking-water at source.

30.* Effective water resource management
throughout the Region is essential in the inter-

ests of public health, and requires comprehen-
sive surveillance and control of biological,
chemical and physical contamination of sur-
face water and groundwater.

31.* Preventive strategies should be empha-
sized, including land use planning (for agri-
culture and industry) and impact assessment.

Data on microbial and chemical contami-
nants in drinking-water in the Region are
hard to compare. The incidence of outbreaks
and of non-compliance with national stan-
dards gives some indication of the situation,
but more reliable data are needed to assess
where problems with drinking-water quality
exist and chronic effects on health might be
expected to occur. (See recommendation
13.)

The WHO European Region is characterized
by densely populated cities and urban indus-
trial areas, where surface waters can be seri-
ously contaminated by discharges of un-
treated waste, and rural areas where diffuse
agricultural pollution over many years has
contaminated rivers and groundwater. In
some places, the eutrophication of lakes and
coastal waters encourages algal blooms, and
the acidification of rivers and lakes mobi-
lizes heavy metals. Contaminated surface
waters may affect health directly when they
are used as a source of drinking-water or for
bathing; or indirectly through their impact
on aquatic ecosystems, or when used to irri-
gate crops.

In general, a smaller proportion of the
population is provided with adequate sewage
treatment facilities than with safe drinking-
water. In urban areas, excessive amounts of
wastewater may receive too little or no treat-
ment; if contaminated surface water is used
as a source of drinking-water, more treat-
ment is required. The exploitation of water

19.9 Wastewater and Surface
Water
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resources in many countries is restricted be-
cause of sewage pollution.

As is the case for drinking-water, the links
between exposure to contaminants in waste-
water and surface water and its effects on
health are hard to assess on a regional scale.
Further, some countries have no effective
monitoring network. The measures recom-
mended to prevent and control pollution are
also similar to those for water supply and
quality.

32. Investment is required, particularly in the
CCEE and NIS, to build new urban sewage
treatment plants.

Measures are needed both to meet local
needs and to protect international waters
and enclosed seas.

33. Water quality objectives need to be de-
fined and endorsed by all users of the same
catchment area. Economic incentives should
be developed.

34. Emergency response capabilities will also
have to be developed (where they are not al-
ready in place) to protect surface water and
groundwater should contaminants be acciden-
tally released.

There is considerable public concern about
the impact of waste disposal on the environ-
ment and health. Few studies of the effects
on people’s health of living near waste dis-
posal sites have been carried out in the Re-
gion; they provide little evidence of related
disease, but nuisance (particularly from
odours and noise) is a serious problem that
undermines wellbeing.

Technological improvements in the last 15
years, both for landfills and incinerators,
mean that properly managed, modern waste
disposal causes negligible population expo-
sure and environmental health impact. As a
result of decades of inappropriate waste dis-

19.10 Waste

posal, however, and the creation of numer-
ous “problem sites” throughout the Region,
many potential environmental health ha-
zards exist. These range from microbiologi-
cal hazards associated with uncollected or
uncovered disposal of municipal solid waste,
to toxic hazards from uncontrolled hazard-
ous waste disposal and contaminated indus-
trial areas. There are particular problems in
some of the NIS.

35.* Areas so contaminated by waste disposal
that they are a significant potential threat to
public health should be identified and appro-
priate measures taken for decontamination or
restricted use.

36.* In some parts of the Region, abandoned
military waste disposal sites require special at-
tention because of chemical and possibly bio-
logical hazards. (See also recommen-
dation 64 relating to nuclear materials.)

Leakages from landfill sites have contami-
nated soil and groundwater, and the long
timescales for changes in groundwater
quality and for environmental transport
mean that potential future risks to health
cannot be dismissed.

37. Studies should initially look at the envi-
ronmental pathways of releases from such
problem landfill sites, and at the resulting ex-
posure of populations to specific agents.
Studies of specific effects on health may then
be warranted. Research into and development
of low-technology techniques is needed to de-
contaminate chemically contaminated soils
and potable groundwater.

The few occupational studies that have been
carried out suggest that both working condi-
tions and equipment may be inadequate to
protect the health of waste disposal workers.

38. Multicentre studies of employees at dif-
ferent types of waste disposal plant, with
proper exposure assessment, should be car-
ried out.

Waste management practices vary widely
across the Region. Incineration is increas-
ingly used to dispose of hazardous waste, but
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the amounts so treated vary greatly between
countries. The disposal of hazardous waste
with municipal waste is still practised. Simi-
larly, some countries operate effective waste
recycling schemes but others make no provi-
sion for separating municipal wastes. A com-
mon and important problem for the future is
the unsustainable growth in waste produc-
tion, which is increasing at a rate that will
outstrip the capacity for treatment and dis-
posal. Waste reduction (and reduction in the
proportion that is hazardous) requires an in-
tegrated programme for waste management,
and involves the acceptance of joint respon-
sibility by governments and individuals.

39.* Effective systems should be developed
and maintained for the segregated collection
and safe disposal of wastes, including facil-
ities for proper treatment of hazardous waste.
Incentives should be provided to encourage
separation, recycling, reuse and reclamation.

40.* Waste production should be minimized,
for example by promoting cleaner technology
in industry and by increasing public aware-
ness of the need to reduce domestic waste.

The successful implementation of these
measures will depend on public education
and information.

41.* Given the positive role that the public
can play in such decisions as the siting of new
incinerators or landfills, public understanding
of waste disposal issues should be promoted.

The transboundary movement of hazardous
waste is significant.

42. Efforts are needed to ensure commitment
throughout the Region to the Basel Conven-
tion on the Control of Transboundary Move-
ments of Hazardous Wastes and their Dis-
posal, in order to avoid inadequate or unregu-
lated waste treatment and disposal taking
place in countries where less strict standards
and/or controls currently prevail.

The overall assessment of the impact of food
contamination on health in the Region
clearly identifies microbial contamination as
an important environmental health issue.

Acute illness from microbial contami-
nation is a common, widespread and grow-
ing problem in the Region, estimated to cost
the medical and industrial sectors several bil-
lion US dollars annually.

Primary food production, particularly
from intensive animal husbandry, is an im-
portant source of microbial contamination
that can, however, occur at any stage from
production to consumption. Centralized
food production, storage and distribution re-
sults in the wide dissemination of contami-
nated food. The agent and source of an out-
break therefore need rapid identification, to-
gether with an effective communication sys-
tem, so that control measures can be intro-
duced promptly. Application of the hazard
analysis and critical control point (HACCP)
approach is a more cost-effective method of
control than end-product inspection.

43.* The HACCP approach should be more
widely adopted throughout the Region for pre-
venting food contamination. It should cover
all stages of production, processing, storage
and distribution, from the farm to the con-
sumer.

44.* Greater emphasis should be given to re-
ducing microbial contamination at the farm.
Preventive measures should cover hygiene, for
example, in animal housing, feed and manure
handling, and vaccination of livestock where
applicable. Before new techniques for primary
food production are introduced, their public
health implications should be fully explored.

45. Efforts are needed to improve under-
standing of food hygiene by all those who
handle food at all stages from production to
consumption.

19.11 Contamination of Food
and Drink
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46. Rapid methods for detecting pathogens
need to be developed for application in inter-
national trade, together with “rapid alert”
communication systems.

The possible consequences for health of low
levels of chemical contamination of food are
uncertain; data are sparse, but no obvious ef-
fects have been demonstrated. Nevertheless,
conditions exist in parts of the Region where
intakes of, for example, heavy metals from
mining or industrial sources may be excess-
ive.

47. Dietary intake studies are recommended
as a first priority for vulnerable groups such
as infants, young children and lactating
mothers living near smelters or metal mines in
those of the CCEE and NIS that have ident-
ified this potential environmental health prob-
lem. Health studies may be indicated.

The assessment of the safety of food and
food ingredients derived from genetically
modified plants and microorganisms
requires an integrated approach.

48. The proposed use and dietary signifi-
cance of food from genetically modified
sources, and people’s potential exposure to it,
should be taken into account in safety assess-
ment.

49. In each case, critical points in the pro-
cess should be identified and appropriate con-
trols set up to ensure safety and quality.

Population exposure to environmental
chemicals needs to be assessed, to allow the
environmentally sound management of
chemicals advocated by the United Nations
Conference on Environment and Develop-
ment in its Agenda 21. Such data are, to a
large extent, lacking in the Region, and are
inadequate for identifying areas where the
general population is subject to high levels of

19.12 Exposure to Selected
Chemicals

exposure. Some data available for specific
subgroups suggest that in certain areas expo-
sure to, for example, heavy metals such as
lead may be a potential hazard to health. Rel-
evant health studies are in general lacking.
The contribution of the various sources or
media to overall exposure is also unclear.

50.* The systematic monitoring and assess-
ment of exposure to chemicals from various
media should be instituted at the national level
to detect significant environmental exposures
and/or possible effects on health, including
that of vulnerable groups, and to define the
contribution of different environmental media
to overall exposure as the basis for rational
control strategies.

51.* The use of chemicals or processes that
are associated with significant potential ha-
zards to health or with the formation of envi-
ronmentally persistent substances should be
reduced by material substitution or improved
technology.

52. In the longer term, models for calculat-
ing total intake and/or target organ doses on
the basis of environmental measurements
need further development and validation.

53. Similarly, the design of studies to assess
total human exposure to certain chemicals
should be harmonized and conducted in differ-
ent locations (polluted and non-polluted) in
the Region, so as to provide information on
representative population groups and permit
the evaluation of population risks.

Although new chemicals are subjected to
toxicity testing, many thousands of chemi-
cals already in use have not yet been ad-
equately tested. The chemicals programme
of the Organisation for Economic Co-oper-
ation and Development (OECD) and the In-
ternational Programme on Chemical Safety
(a joint venture between WHO, the Inter-
national Labour Organisation (ILO) and the
United Nations Environment Programme)
are organizing the systematic investigation
and evaluation of existing chemicals.

54. Vigilance is recommended at the national
level to detect any significant environmental
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exposures and/or any possible effects on
health.

Internationally harmonized mechanisms for
the assessment and control of existing and
new chemicals are already widely adopted
throughout the Region. Their even wider
adoption might be facilitated if international
assistance were offered to some countries for
the development of appropriate national
strategies.

55. The WHO Regional Office for Europe
should be ready to provide practical help if
required.

19.13.1 Ultraviolet radiation

There is clear evidence of a causal relation-
ship between exposure to ultraviolet (UV)
radiation and the common forms of skin
cancer; the data are also compelling for ma-
lignant melanoma, but the relationship is
more complex. The recent rapid increase in
the number of cases of skin cancer, including
melanoma, in some European countries is
related to social behaviour, particularly rec-
reational habits involving sunbathing with-
out adequate protection of the skin. Expo-
sure to UV radiation also probably increases
the risk of developing cataracts.

56.* The public should be given clear warn-
ings about the risks of cancer and cataracts
from UV radiation and of the need, particu-
larly for those with certain types of skin and
for young children, to use protective clothing,
efficient sun creams and sunglasses to limit
exposure of the skin and eyes to sunlight.
Health education has successfully modified
behaviour in some countries, but further ef-
forts are needed.

To date, there is little evidence that depletion
of the stratospheric ozone layer in the Arctic
has resulted in changes in terrestrial UV

19.13 Nonionizing Radiation

radiation levels in the European Region, but
this may be due to the considerable natural
variation in cloud cover and air pollution. A
recent study in Toronto, however, claims that
winter levels of UVB increased by more than
5% each year from 1989 to 1993 as ozone le-
vels were depleted, but these findings are the
subject of debate. The consequences of any
increase in terrestrial UV radiation levels
from increasing ozone depletion are poten-
tially great, with possible direct and indirect
effects on health.

57. Member States should work together to
provide UV radiation monitoring data (prefer-
ably with spectral measurements) for a range
of latitudes in the Region. A regional commit-
ment is needed to an early ban on the use of
chlorofluorocarbons and similar ozone deplet-
ing agents. (See also Global and transboun-
dary issues, p. 536.)

19.13.2 Electromagnetic fields

The public has a strong perception of the
risk related to exposure to electromagnetic
fields. In particular, it is widely feared that
living near overhead power lines may in-
crease the risk of a child developing leukae-
mia or other cancer. The epidemiological
evidence on which these concerns are based,
however, is inconclusive. Recent data from
Sweden suggest that the associated risk is
not of public health significance: one extra
case of childhood leukaemia in a population
of 9 million. At present there is little under-
standing of possible biological mechanisms
involved. Adequate measures have been pro-
posed for the protection of workers and the
general public from the established effects of
electromagnetic fields.

58. The question of the long-term effects of
low levels of exposure to electromagnetic
fields should be reviewed in a few years, once
the results of ongoing epidemiological studies
are available.

59. Experimental research is needed on the
mechanisms of action of electromagnetic
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fields at the cellular level, and on the possible
relevance of some observed effects for long-
term exposure.

60. In the mean time, efforts should be made
to achieve a better public understanding of the
risks. (See also recommendation 61.)

Natural background radiation contributes
most to the average human exposure. About
half the contribution is radon irradiation of
the lung, although individual doses from
radon may be much higher. Other sources,
such as nuclear power production, con-
tribute doses to the general population that
are, on average, several orders of magnitude
lower than total doses from natural sources.
Nevertheless, the public believes that the
risks from man-made sources far outweigh
those from natural sources.

61. Information should be made more widely
available to the public on the radiation risks
from man-made and natural sources.

Certain population groups receive a higher
than average exposure. Special attention
should be given to (a) radiation workers
carrying out “dirty” jobs associated with
higher than average doses and/or involving
exposure to actinides such as plutonium, and
(b) those exposed to higher than average le-
vels of natural radiation, such as miners, air
crews and those living in geological areas
with high radon levels.

62.* Systematic monitoring of radon levels in
homes should be established in radon-prone
geological areas, followed by remedial action
where guideline levels are exceeded.

Actual or potential problem areas are the
safety of nuclear reactors, the proliferation
of nuclear material and the safe storage and
disposal of high-level nuclear waste. The
safety of nuclear power plants is one of the
most important issues in radiation protec-
tion, and involves questions of plant design,

19.14 Ionizing Radiation

siting, operation and maintenance, particu-
larly staff training.

63.* International technical aid should be
available for countries operating reactors
whose inherent design or operational prob-
lems make them a significant potential hazard
to health.

The proliferation of radioactive material that
could be used for the construction of nuclear
weapons is a threat of global importance.
The problems entailed in the decommission-
ing of nuclear power plants and the destruc-
tion of atomic weapons have not yet been
solved; and no country yet operates a reposi-
tory for high-level radioactive waste disposal.

64.* Sites of abandoned nuclear weapons
should be identified and radioactive material
stored securely until appropriate facilities for
disposal become available.

Past practices in radioactive waste disposal,
together with routine and accidental releases
and nuclear weapons testing, have resulted
in severe environmental contamination in
parts of the former USSR.

65.* Increased, well coordinated investi-
gations with international support should be
carried out in relevant areas of the NIS into
the size and effects of the doses of radiation
received by populations as a result of nuclear
accidents, inadequate disposal of radioactive
wastes and nuclear weapons testing.

Residential noise (i.e. noise from external
sources that is perceived inside dwellings) is
not a health problem in the same sense as oc-
cupational noise, where hearing ability is at
risk. But residential noise seriously reduces
the quality of life. About 15–25% of the
population of industrialized countries are ex-
posed to levels of noise that cause serious
nuisance. Road traffic noise and neighbour-
hood noise are the most common causes of
complaint.

19.15 Residential Noise
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Residential noise also causes sleep disturb-
ance. Preliminary evidence shows that long-
term exposure to high levels of traffic noise
may have specific health implications.

Most countries have comparable legis-
lation for the control of residential noise,
usually aimed at specific sources such as
road, rail and air traffic. Neighbourhood
noise is relatively neglected and is more diffi-
cult to control. In addition to the nuisance
created for other people, hearing may be im-
paired in those directly exposed to loud
music from personal stereo systems and dis-
cotheques.

66. Sources of neighbourhood noise should
be identified and noise limits laid down in
regulations. International standards for the
measurement and description of such noise
are needed.

67. The implementation of noise regulations
should be improved. A basic requirement is
better monitoring systems.

68. Since enforcement is difficult, land use
and town planning measures should be ap-
plied more often. An international report on
the means and results of land use and city
planning as an instrument for the control of
residential noise should be prepared and dis-
seminated to responsible authorities.

69. An international system should be estab-
lished for exchanging information about re-
search into the health effects of noise, and on
complaints about, regulations for and the con-
trol of residential noise.

The methods used by countries to measure
aspects of the housing environment lack con-
formity and therefore comparability. This

a Indoor air quality is addressed under Air Pollu-
tion, p. 523, and radon under Ionizing Radiation,
p. 530.

19.16 Housing and the Indoor
and Urban Environmentsa

applies to such aspects as general housing
conditions, structure and insulation, main-
tenance, damp, temperature, indoor pollu-
tion, home accidents, and homelessness.

70. Government departments responsible for
housing should take steps to develop and use
standard ways of assessing housing condi-
tions. Countries should move rapidly towards
compiling basic statistical indicators to facili-
tate discussion of the adequacy of the housing
environment, and promotion of the health and
wellbeing of the inhabitants. Ideally these in-
dicators should be the same as, or compatible
with, the WHO regional indicators for moni-
toring progress towards the relevant health for
all targets.

Inadequate housing often contributes to ill
health, and improvements must be a major
element of any policy to improve environ-
mental health conditions. Important con-
siderations include the availability of a safe
water supply and sanitation, adequate space,
heating, ventilation, noise insulation, and the
provision of facilities for vulnerable groups –
young children, the elderly and the handi-
capped.

Deficiencies in sanitation are present
throughout the Region. These are more pro-
nounced in rural than in urban areas, and
more common in the CCEE and NIS than
elsewhere in the Region. Of the 110 million
people lacking a piped water supply, 86 mil-
lion are in the NIS.

71.* Priority should be given to the availabil-
ity of a safe water supply and sanitation, and
to the provision of facilities for special groups
such as young children, the elderly and the
handicapped.

Health statistics are generally inadequate for
assessing the contribution of the indoor en-
vironment to the causation of various dis-
eases such as the extent to which low indoor
temperatures contribute to excess winter
mortality, or the importance of low indoor
air exchange rates for respiratory disease.

72.* Research is needed on the contribution
of certain aspects of the indoor climate, such
as cold and damp, to respiratory diseases.
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Accidents in the home are an important
cause of morbidity and mortality, mainly in-
volving the very young and the elderly. Data
from the United Kingdom suggest that about
13% of fatal home accidents may be caused
by constructional design faults. Detailed ana-
lyses are lacking, however, and international
comparisons are difficult or impossible at
present. The European Home and Leisure
Accident Surveillance System will be analys-
ing data from hospitals in 11 member states
of the European Union.

73.* The recording of domestic accidents and
poisonings needs improving. It should include
their cause, as well as factors determining
their outcome, and thus help define more
clearly effective measures for the prevention of
both accidents and fatalities.

Beyond the individual dwelling, housing
must be viewed within the broader context of
the community as a whole, where adequate
health care, public transport, shopping and
recreational facilities, and effective control
of pollution and noise are needed. Unsus-
tainable urban development has resulted in
excessive urban growth and the loss of com-
munity life in cities.

74.* Urban planning is urgently needed to re-
habilitate community life within cities and
their suburbs.

75. The WHO Healthy Cities project or net-
works should be used to promote healthy and
sustainable urban development policies.

The extent of homelessness in the Region
cannot be determined with any accuracy, but
there does not seem to be a simple relation-
ship to total population or estimated need
for additional housing. Given the widespread
recession and the related migration of
workers, as well as the influx of refugees to
some Member States, the problem is likely to
increase in the immediate future.

76.* The scale and causes of homelessness in
the Region should be investigated and the
most appropriate measures for mitigation
adopted.

77. In all countries of the Region, housing
should be made available for those with low in-
comes at a cost that does not jeopardize their
access to other basic necessities.

Every country in the Region is committed to
a policy of health and safety at work, but the
availability of the necessary instruments for
implementation varies substantially. Only
about half of the workforce has access to
special occupational health services. Im-
proved standards of occupational health and
safety benefit not just the workforce but also
the economic development of a country,
since there is a demonstrable relationship be-
tween overall standards of health and safety
in the work environment and productivity
and the quality of the end-product. From a
public health perspective, occupational
health services provide a unique opportunity
for health promotion.

78.* The coverage, activities and competence
of comprehensive occupational health services
should be improved throughout the Region ac-
cording to the guidance given by ILO and
WHO. Adequate numbers of occupational
health physicians, nurses, hygienists and
other personnel should be trained for such ser-
vices.

79. Training and information should be given
to workers, foremen and managers on the spe-
cific health hazards at their place of work,
and on methods for their prevention and con-
trol.

The relative number of workers in different
types of employment differs markedly be-
tween countries in the Region. The propor-
tion working in agriculture and industry is
higher, and that in service sectors lower, in
the CCEE and NIS than in the European
OECD countries. In general, there is also
less automation and mechanization in the
CCEE and NIS. These differences mean a

19.17 Occupational Health
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heavier physical workload and a higher
prevalence of and exposure to all the “tradi-
tional” occupational health hazards in both
the CCEE and the NIS.

The most important problems in occupa-
tional health appear to be similar throughout
the Region, even in countries at different
stages of development: accidents, noise,
chemical hazards, ergonomic problems and
psychological stress. Novel issues (such as
reproductive health, new infectious hazards,
and the possible impact of high technology
and new processes and materials) are only
partly visible at the level of national stat-
istics. Regional comparisons, other than for
fatal accidents or mortality from particular
diseases, are impossible because of differ-
ences and limitations in data capture and in
registration procedures. Data on working
conditions and exposures are also limited.

80.* Systems for the notification, regis-
tration and reporting of occupational acci-
dents and diseases should be developed, with
coverage of all workers and the self-employed.
The international harmonization of such data
systems should be encouraged to facilitate
analysis on a regional basis of the most im-
portant causes, thus enabling priorities for
preventive measures to be established.

81.* Legislation, standards and adequate in-
spection should be developed in all countries
of the Region for the prevention and control of
health hazards at work (such as accidents, oc-
cupational diseases, physical overload, ergo-
nomic hazards and psychological stress).
They should apply to all sectors of the econ-
omy and to all employees and the self-em-
ployed. Special efforts are required to prevent
workers being exposed to agents that can
cause early, irreversible damage and have
possible long-term effects on health.

82. Compliance with noise limits should be
ensured, and the importance recognized of in-
teractions between noise, vibration and smok-
ing.

83. The potential hazards of new technol-
ogies should be investigated and assessed, and
the results used when the introduction of such

technologies is planned, with appropriate safe-
guards for workers.

84. The competence and activities (including
epidemiological studies) of occupational
health and safety services should be more
widely promoted as a resource for measuring,
assessing and preventing environmental
health hazards.

Some of the occupational health problems
emerging in Europe are clearly attributable
to the present economic situation, particu-
larly the difficulties of transition in the
CCEE and NIS and the recession through-
out much of the Region. The large industrial
complexes of centrally planned economies
had large occupational health service teams.
Their replacement by smaller-scale market
economy industries has weakened the re-
sources to sustain such occupational health
services. This effect is mirrored to some ex-
tent by the effects of recession elsewhere in
the Region. In addition, economic migrants,
mobile workers and refugees from hostilities
make up cohorts of workers who are not
covered by the normal occupational health
services, while frequently exposed to greater
risks than the stable workforce in the receiv-
ing countries. In all countries of the Region
similar, smaller-scale problems exist with
workers in the informal sector and in home
industries. Finally, as a result of the reces-
sion, unemployment is an increasing re-
gional problem.

85.* Special action should be taken to im-
prove occupational health in the CCEE and
NIS. Workers in agriculture and small-scale
industries should be given special consider-
ation in the development of national occupa-
tional health programmes.

86. Employers and workers in home indus-
tries and the so-called informal sector, as well
as the self-employed, should be advised on the
identification and management of occupa-
tional hazards. The protection of children
should be particularly addressed.

87. When developing occupational health
programmes for migrant and mobile workers,



534 Conclusions and Recommendations

including refugees, their needs for general
health services should also be considered.

88. Special programmes should be developed
for the unemployed to maintain their work ca-
pacity and prevent the health problems associ-
ated with unemployment.

Major accidents that affect the environment
are a serious potential risk to health. The
risks may be increased by social instability.

89.* Countries should take all the steps in sit-
ing, design, construction and operation that
are necessary to prevent accidents in indus-
trial and nuclear power plants and during
transport of hazardous materials, and draw
up appropriate contingency plans to deal with
any accidents that may still occur.

90. People living near hazardous instal-
lations should be made aware of the potential
hazards and what they would be expected to
do in the event of an emergency.

Such plans will also be relevant for response
to natural disasters. Similarly, the activities
related to the United Nations International
Decade for Natural Disaster Reduction can
enhance people’s preparedness to respond to
technological emergencies, particularly
through international cooperation to prevent
and control transboundary consequences.

91. The WHO Regional Office for Europe
and other relevant international agencies
should help facilitate the exchange of in-
formation between Member States about acci-
dents, preparedness and response, and pro-
mote the development of effective Region-wide
early warning systems.

92. The WHO Regional Office for Europe
should develop and make available advice on
the recognition and management of the psy-
chological effects of major accidents.

19.18 Accidents and Man-made
Disasters

Accidents occurring in the home (see recom-
mendation 73), at work (see recommen-
dation 81) and on the road are a major cause
of mortality and morbidity, notably affecting
young people. Road traffic accidents cause
over 350 deaths and 6000 injuries daily in
the Region. The number of such accidents
could be reduced and all Member States
should try to achieve this.

93.* Further action is required to reduce the
contributions of both the environment and
personal behaviour to road traffic accidents
including:
(a) the development of better traffic infra-

structures, regular checks on the roadwor-
thiness of vehicles, greater compliance
with regulations (including those related
to alcohol consumption by drivers) and
the provision of adequate, alternative
transport systems; and

(b) education and training of all road users.

Accidental poisonings occur both at work
and at home. Prevention of both requires ad-
equate information and education on poten-
tial chemical hazards, together with the
adoption of measures to limit the possibility
of toxic exposure.

94. Governments should ensure that:
(a) appropriate legislation and enforcement

measures exist for ensuring the safety-in-
use of chemicals on the market, appropri-
ate labelling and the use of childproof clo-
sures where necessary, worker protection
and the monitoring of occupational expo-
sure to hazardous chemicals; and

(b) in the event of chemical exposure, in-
formation and therapeutic measures (in-
cluding antidotes) are available to those
responsible for patient care. National poi-
son control centres should be an integral
part of such a response, to provide in-
formation and advice about any chemical
involved in an incident.
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Of the 50 Member States of the European
Region, 22 did not have a national focal
point participating in the development of
Concern for Europe’s Tomorrow when the
environmental health protocols were dis-
tributed. Of these 22 countries, 20 provided
information later: 15 of the NIS, Croatia, the
Czech Republic, Slovakia, Slovenia and The
Former Yugoslav Republic of Macedonia.

19.19.1 The NIS

The major environmental health problems in
the NIS reflect earlier policies that gave
priority to production and little or no prior-
ity to environmental health protection. The
water supply is inadequate in many areas,
particularly in the eastern parts of the
former USSR. Water quality is impaired by
poorly maintained distribution systems, the
lack of or inadequate treatment facilities (in-
cluding sewage) and problems of waste dis-
posal, as well as excessive use of agrochemi-
cals.

Large areas of the former USSR have high
levels of radioactive contamination as a re-
sult of the Chernobyl accident, other radi-
ation accidents and radioactive discharges in
the south Ural region, and nuclear weapons
testing in Kazakhstan.

Inadequate attention to waste disposal
used to be common practice. Widespread
problems have resulted from storing liquid
industrial wastes in artificial ponds without
insulation and from dumping solid industrial
and municipal wastes on the ground. For
example, mountains of industrial waste exist
in the Ural region, and dumping sites in
Moscow are overfilled with sludges of mu-
nicipal waste.

Air pollution is a substantial environ-
mental health problem in many areas where
heavy industries are concentrated, without

19.19 Environmental Exposure
in some of the CCEE and
NIS

adequate technologies for emission control.
Air pollution in the former USSR, particu-
larly in the Russian Federation and Ukraine,
is generally more severe than in polluted
areas of the CCEE. The recession that has
closed down the most uneconomic indus-
tries does not seem to be improving air
quality to the same extent as has occurred in
the CCEE, and respiratory morbidity in ex-
posed populations is to be expected.

In general, adequate health studies of
these environmental exposures are lacking,
and selected epidemiological studies should
be carried out.

Furthermore, the control of infectious dis-
eases is now less effective than before. Diph-
theria, hepatitis A and diarrhoeal and para-
sitic diseases are widespread, and outbreaks
of cholera have occurred. In areas of military
conflict or where ecological or industrial dis-
asters have occurred, people may no longer
have access to adequate medical care.

19.19.2 The CCEE

The environmental health problems re-
ported by the five CCEE (all new Member
States) are similar. Thus, urban air pollution
is of particular concern in industrial areas of
countries such as the Czech Republic and
Slovenia. The pollution of water resources,
including groundwaters, by industrial and ag-
ricultural wastes is a widespread problem.
Consequently drinking-water standards are
difficult to meet; achieving tolerable levels of
arsenic and nitrates will require extraordi-
nary efforts in Slovakia and Slovenia, for
example. Improper agricultural practices
have also caused serious contamination of
the soil. But in the countries of the former
Yugoslavia war, indirectly or directly, is the
most important factor affecting the quality
of life for millions of people.

95. Environmental health priorities have to
be set by individual countries, and specific
recommendations for action will only then be
possible. Support from the international com-
munity will be needed to deal with such major
problems as the provision and repair of water
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distribution systems and treatment plants,
radioactive contamination, and urban air pol-
lution hot spots. Particular attention should
be paid to the disaster areas affected by war,
where there is threat of epidemic disease and
major damage to environmental health infra-
structures, and to ecological disaster areas
such as around the Aral Sea.

To safeguard people’s health, greater inter-
national cooperation is needed on such is-
sues as global climate change, depletion of
the ozone layer, conservation of shared
water resources, control of food quality, and
trade in hazardous substances, products and
wastes.

Changes in energy consumption patterns
in both western and eastern European coun-
tries are necessary if sustainable rates of
energy production are to be achieved. A 25%
increase in electricity generation is predicted
for the Region in the next 25 years.

96.* Further use of alternative energy
sources should be explored, taking into ac-
count their possible environmental impacts, if
growth in energy consumption is not to be ac-
companied by an increase in global or trans-
boundary pollution.

97.* Implementation of the Copenhagen
Amendment to the Montreal Protocol on Sub-
stances that Deplete the Ozone Layer should
be a regional objective.

Environmental factors are just one of the
known causes of disease, and are seldom the

19.20 Global and Transboundary
Issues

19.21 Estimated Effects on
Health of Environmental
Exposure

only cause of a specific health problem. This
can, however, be the case with communi-
cable, foodborne or waterborne diseases due
to microbiological contamination, for
example, or with the rare effects of exposure
to high levels of radiation or toxic chemicals
as a result of an accident. Registered occupa-
tional diseases are also usually fully attribu-
table to environmental conditions at work.

Of the factors known to increase the risk
of diseases that may be related to environ-
mental exposure, the most important is prob-
ably tobacco smoking. It is more significant
than air pollution as a risk factor for chronic
obstructive airways disease and lung cancer.
Smoking interacts with environmental fac-
tors and increases the lung cancer risk from
exposure to asbestos and radon tenfold. The
worsening trends in cardiovascular and
cancer mortality noted in middle-aged men
in the CCEE can be at least partly attributed
to smoking. Other lifestyle factors that may
interact with environmental agents include
alcohol and diet. Socioeconomic factors can
also affect both lifestyle and environment.

Nevertheless, exposure to environmental
factors with the potential to have adverse ef-
fects on health occurs at levels of concern in
the European Region. Specific conclusions
and recommendations have been presented
above. The most common such exposure is
to levels of ambient and indoor air pollutants
that exceed the WHO air quality guidelines.
Hundreds of millions of people, usually in
urban areas, are estimated to be exposed to
such levels.

The extent of exposure to microbiological
contamination of food and water is more dif-
ficult to assess than its effects on health. Sev-
eral million cases are recorded annually of
communicable foodborne and/or water-
borne diseases. Similar acute effects of
chemical contamination occur rarely, as the
result of accidents. The difficulty of detect-
ing the long-term effects of low levels of ex-
posure, against the background rates of com-
mon diseases, is well recognized (and is rel-
evant also, for example, to exposure to poten-
tially carcinogenic air pollutants).

Lack of appropriate data precludes valid
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estimates of the extent on a regional scale of,
for example, the exposure to and impact of
unhealthy working conditions or of poor
housing conditions, accidents or homeless-
ness.

While it is known that, in 1990, mortality
from road traffic accidents in the Region
was 13.9 per 100 000 population, the con-
tribution of environmental factors to cau-
sation cannot at present be estimated.

Unsafe industrial installations are a poten-
tial environmental health hazard, the poss-
ible scale of which cannot be estimated with
any reliability. The principal need is to re-
duce the likelihood of an accident occurring
at all stages from design to operation and
maintenance.

The development of environmental health
management policies and priorities requires
the risks related to environmental factors to
be assessed, but great uncertainty still exists
in the estimation of the impact on health of
environmental factors in the Region.

98. To reduce the uncertainties in risk as-
sessment, better information on population
exposure and better understanding of the
links between environment and health are
necessary. (See recommendations 12, 13, 14
and 15.)

A definition and comparison of the contribu-
tion of various economic sectors to the envi-
ronmental health burden can only be
achieved on a regional basis in qualitative
terms. A much simplified overview suggests
that the economic activities related to envi-
ronmental health problems in the CCEE and
NIS are mainly energy production and heavy
industry. They contribute to urban air pollu-
tion and the contamination of soil and water
from waste, both chemical and radioactive.
The rest of the Region is confronted with the
consequences of over-intensive farming and
over-dependence on road transport for both
passengers and freight. On the other hand,
all economic activities benefit health, di-
rectly and/or indirectly, through the promo-
tion of socioeconomic development.

99. Countries should make national assess-
ments of the beneficial and detrimental con-
tributions of their various economic activities
to environmental health, so that they can de-
velop appropriate priorities for interventions
to achieve maximum overall improvement.

100. Research is needed to develop the
methodology for costing these health benefits
and detriments, as well as to assess the ex-
pected health gains in relation to the costs of
intervention at source or of environmental
clean-up.

19.22 Role of Economic Sectors
in Environmental Health




