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This brochure ‘Environmental Health in Germany’
(German title: “Umwelt und Gesundheit in
Deutschland”) is addressing a set of topics related
to environmental health – to our health and our
environment. It is illustrated by everyday examples.

From a series of representative surveys conduct-
ed in Germany (the most recent one in 2002), we
know that one fourth of the German population
think that environmental problems have a
strong or very strong impact on human health.
Two thirds are even afraid that future genera-
tions will suffer from adverse health effects
caused by the environment.

The public is often confused due to a lack of
balanced information and a poorly differenti-
ated or even wrong rating of health conse-
quences of environmental contamination. Even
science has not always been able to find imme-
diate and comprehensive answers to newly aris-
ing questions.

In Germany, regulations and voluntary agree-
ments have led to a variety of improvements for
the environment. Although on the whole, ad-
verse influences on health from the environment
have clearly decreased, many people are afraid of
health risks arising from a variety of environ-
mental factors.

Keeping in mind the central role of environmen-
tal protection for health maintenance, the Fed-
eral Ministry for the Environment and the Federal
Ministry of Health agreed on a joint Action Pro-
gramme Environment and Health for Germany. 
It was presented at the Third Conference of the
European ministers of health and the environ-
ment held in London in 1999.

But not only Germany has developed such an
action programme. Since the situation in other
European countries is comparable to that in Ger-
many, the subject has been tackled also on the
international level. In 1989, the First European
Conference of ministers of health and the envi-
ronment was held in Frankfurt/Main. At the
Frankfurt Conference, which had been initiated
by the World Health Organization and actively
supported by Germany, the European Charter on
Environment and Health was adopted (see Box
1). For the first time, this opened the way for a

comprehensive political approach to environ-
mental health issues, with binding objectives. 

Such political approach, which was initially fo-
cussed on the European region of the World
Health Organization, is also contained in the doc-
uments of the United Nations Conference on En-
vironment and Development held in Rio de
Janeiro in 1992. Agenda 21, on sustainable devel-
opment, which was adopted by more than 170
participating states from all over the world, dedi-
cated a separate chapter to the subject of Protect-
ing and Promoting Human Health.

At the Second European Conference on Environ-
ment and Health, organised by the World Health
Organization and held in Helsinki in the sum-
mer of 1994, the European ministers of health
and the environment took another important
step towards the development of the respective
terms of reference laid down in the Helsinki Dec-
laration. Concrete strategies for action were

PREFACE

Box 1

Every individual is entitled to

an environment conducive to the highest at-
tainable level of health and well-being,

information and consultation on the state of
the environment, and on plans, decisions and
activities likely to affect both the environment
and health,

participation in the decision-making process.

European Charter on Environment and Health,
1989

Box 2

“We commit our respective health and environment
departments to developing jointly, not later than 1997,
action plans on health and the environment...”

Helsinki Declaration on Action for Environment
and Health in Europe, 1994
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adopted in the Environmental Health Action
Plan for Europe. At this conference, the Euro-
pean ministers of health and the environment
also decided to develop national environmental
health action plans in their countries (see Box 2).
Germany has implemented the decisions of
Helsinki by means of the Action Programme En-
vironment and Health.

This linkage between environment and health
was the reason to initiate an intensified collabo-
ration between the responsible federal ministries
and the associated superior federal authorities,
i.e. the Federal Office for Radiation Protection
(Bundesamt für Strahlenschutz – BfS), the Robert
Koch Institute (RKI), the Federal Environmental
Agency (Umweltbundesamt – UBA) and the Fed-
eral Institute for Health Protection of Consumers
and Veterinary Medicine (Bundesinstitut für
gesundheitlichen Verbraucherschutz und Veter-
inärmedizin – BgVV).

In the context of the reorganisation of consumer
health protection in Germany, the Federal Office
for Consumer Protection and Food Safety (Bundes-
amt für Verbraucherschutz und Lebensmittel-
sicherheit – BVL) and the Federal Institute for
Risk Assessment (Bundesinstitut für Risikobewer-
tung – BfR) were formed as successors to the Fed-
eral Institute for Health Protection of Consumers
and Veterinary Medicine in November 2002.
Both institutions are responsible to the Federal
Ministry of Consumer Protection, Food and Agri-
culture (Bundesministerium für Verbraucher-
schutz, Ernährung und Landwirtschaft – BMVEL).

Therefore, the latter is also involved in the imple-
mentation of the Action Programme Environ-
ment and Health.

For details of the contents and objectives of the
Action Programme, see www.apug.de.

This brochure tries to describe the situation in
Germany in an easy to understand and illustra-
tive way by using examples from everyday life. It
intends to communicate consolidated facts and
point out existing gaps of knowledge. Different
positions have been mentioned without further
reference to details. 

This publication does not claim to be exhaustive
nor is it meant to serve as a textbook on environ-
mental hygiene. More detailed information can
be obtained by contacting the institutions listed
at the end of each chapter.

We hope that this brochure will provide some in-
teresting information on the topics of environ-
ment and health. Maybe the subjects addressed
will also lead to further reflections and promote
a general exchange of information. 

The editors gratefully acknowledge the techni-
cal support of all participants in this exercise,
whose involvement enabled the publication of
this brochure.

April 2004
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The environment and as a consequence, also human health have been affected by mobility and energy
consumption as well as by modern production methods in agriculture and industry. Some of these fac-
tors have already resulted in environmental changes of global extent. The effects of others have re-
mained limited to certain regions. Realising these facts made the nations understand that there is a
need for a more permanent and environmentally friendly (in other words ‘sustainable’) development.
Sustainable development shall provide for maintenance and improvement of living conditions also for
future generations.

In Germany, many improvements in the quality of the environment have been achieved by legal provi-
sions and voluntary agreements. Such development may be clearly seen from the data presented in:
“Daten zur Umwelt – Der Zustand der Umwelt in Deutschland” (Data on the environment. The environ-
mental situation in Germany) which is periodically published by the Federal Environmental Agency
(UBA). Nevertheless, according to a representative survey conducted among the population in 2002, one
fourth of Germans think that environmental problems have a strong or very strong impact on health.
As many as two thirds even fear that this will be true for future generations. 

Do these survey results in fact reflect the current situation? What is the real state of environment and
health in Germany? Is it true that the environment does affect human health?

In order to form your own opinion you are invited to continue reading.

1 FACTORS INFLUENCING HUMAN HEALTH

� Health

Am I healthy if I feel well? The concept of health
is associated with certain ideas that may vary not
only from person to person but also with differ-
ent situations in a person’s life.

Health has been defined by the World Health Or-
ganization (WHO) as ‘A state of complete physi-
cal, mental and social well-being, and not merely
the absence of disease or infirmity’ (Constitution
of the WHO signed on 22 June 1946). 

Such comprehensive concept of health has been
critically discussed again and again. It has the
undisputed advantage of encompassing living
conditions such as work, home, food and educa-
tion. It is of great importance as a model for
health policy. However, it sets extremely high
standards by demanding complete well-being.

� Environment

In the context of this brochure, environment is
that part of the global environment humans are
in interrelationship with for their entire life,
which is needed, exploited, influenced and
changed by them and to which they have to
adapt permanently. In that sense, also all other

members of the human species belong to the en-
vironment. This, however, is a broad interpreta-
tion of the term, environment.

For some, ‘social environment’ does not form
part of the environment in the proper sense. In
their classification, the term environment is fo-
cussed on the environment without humans
(however, with man-made changes).
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� Age and sex

Children are no small adults, and women often
react differently from men. A child’s body is not
yet fully developed. As related to their body
weight, children breathe, eat and drink more
than adults do. A number of metabolic processes
in children are different in terms of metabolic
rates and partly, also in their pathways. As a re-
sult, children react with a higher sensitivity than
adults, in some situations but not always. 

In elderly people, many processes take place at a
slower speed than in younger ones since the
function of some organs is reduced. This may re-
sult in lower resilience, but again, exceptions ex-
ist: For example, senior citizens are less sensitive
to ozone than younger ones are.

Hormonal and other influences are the reason
why women and men react differently in some
respects, both physically and mentally. Suscepti-
bility to a number of diseases is very different in
women and men, and life expectancy of women
is markedly higher than that of men (a difference
which, however, is less pronounced for women
working full-time).

� Inherited from the parents

There has been scientific evidence that the sus-
ceptibility to certain diseases is based on genetic
factors. Common examples are type I diabetes
and allergies. If both parents are suffering from
an allergy, the child faces a 50–70 % risk of devel-
oping an allergy as well. 

� Education, income and lifestyle

Education and income are closely linked, and the
resulting socio-economic status is an important
factor influencing people’s health. Social inequity
may also lead to inequity in terms of health. The
factors accounting for a generally worse state of
health among population groups with a lower so-
cial status ask for further elucidation.

Experts have seen associations with the mostly
less favourable living conditions in housing and
working environments on the one hand and a
less developed health consciousness, on the oth-
er. Persons with a higher educational standard
usually live a healthier life, smoke less, eat a
more balanced diet and are less exposed to
health risks at their workplaces. In addition, they
often live in regions or districts where environ-
mental pollution is lower. The medical care they
receive is of a better quality which contradicts
the objective of equity.

Physical exercise keeps us fit. Lack of exercise
contributes to overweight and may promote the
development of a number of diseases.

� The occupational situation
is also of importance

The conditions people are exposed to at their
workplace have an important influence on their
health. This is particularly true of great and un-
balanced physical strain, excessive or insufficient
mental demands and the atmosphere at work. In
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addition, people may be exposed to a great num-
ber of disturbing, impairing and harmful influ-
ences in their working environment such as
noise, vibration, harmful substances, un-
favourable indoor climate or weather conditions
when working outdoors. Beyond this, income
and the associated social status may constitute a
factor influencing susceptibility to disease.

� Excessive stress causes disease

When considering people’s working environ-
ments and private surroundings, the factor of
stress must not be forgotten. Principally, stress is
not a new phenomenon, being typical of modern
times only. It constitutes a basic behavioural reac-
tion determined by human evolution. By means
of increased attention and muscular tension, the
body prepares for situations where fleeing or
fighting is required. Everything that is seen,
heard or felt may result in a more or less intense
activation of the body that is referred to as stress. 

Today, (excessive) stress is considered as one of
the factors causing a number of civilisation dis-
eases. A well-known example is angina pectoris,
also referred to as stress disease. Where does
normal stress turn into disease-producing stress?
In this respect, different persons will react in
different ways. Demands are evaluated differently
by individuals – and eventually, everybody affect-
ed has to find her or his own way to control
excessive stress. 

� Environmental factors in a narrow sense

Environmental factors in a narrow sense include
e.g. homes with their design and furnishings,
ambient air, drinking water, food and bathing
waters at beaches. In this brochure, information
has been limited to these environmental factors
although of course, also sewage and municipal
refuse and everyday necessities such as clothes
and cosmetics have to be included.

The environmental factors may be combined
with a presence of undesirable chemical sub-
stances or other environmental contaminants,

pathogens or microbial toxins (poisons) or may
be linked to noise or radiation.

These factors influence the human body via the
respiratory tract, the digestive system or the
skin, which may result in health impairment. In
the case of noise, the ears, as a sensory organ,
are affected.

The major part of contamination has to be attrib-
uted to human activities. Most prominent exam-
ples are exhaust gases caused by motor traffic
and noise. Among other consequences, increas-
ing industrialisation has also brought about glob-
al environmental changes. Common examples
are the ‘ozone killers’ such as HCFCs (hydrochloro-
fluorocarbons) that destroy the earth’s protective
ozone layer in the stratosphere, and greenhouse
gases produced by man. Even at our geographi-
cal latitude, they have caused an intensification
of UV radiation and a warming of the lower layer
of the earth’s atmosphere.

Waste separation is ‘child’s play’



2 MEASUREMENT AND OBSERVATION

� Routine programmes 
for environmental monitoring

Institutions of the Länder and also of the federal
authorities continuously examine ambient air,
food, drinking water and bathing waters at
beaches for the presence of contaminants that
might be harmful to human health. As far as
drinking water and bathing water are concerned,
Germany – just like the other member states of
the European Union – is obliged to regularly sub-
mit reports to the European Commission.

Among other parameters, the BfS monitors envi-
ronmental radioactivity and jointly with the UBA,
population exposure to solar UV radiation. 

Such measurements are performed in order to
check whether contaminant and radiation levels
do not exceed limit values or maximum levels, so
that in the event of non-adherence timely action
can be taken to minimise or avoid health risks
posed by the environment. If limit values or max-
imum levels are exceeded, harmful effects cannot
be excluded.

� Limit values must be observed

Nevertheless, adverse health effects may origi-
nate from water, soil, air and food even if legal
limit values are observed. This may be the case
when contaminants or other noxae (harmful in-
fluences) are present that have not yet been tak-
en into account and monitored. It is also possible
that simultaneous exposure to several known in-
fluences via different routes of exposure may
have additive effects. However, limit values are
generally set up for individual agents and not for
combinations of these. 

Sometimes there is a call for more stringent limit
values. An important prerequisite is an answer to
the question whether and to which extent the
specific environmental factors can be held re-
sponsible for the development or aggravation of
a disease. Observations in humans, particularly
those made in the context of epidemiological
studies are important tools to address this objec-
tive. Socio-economic and psychosocial factors that
may have an influence on the exposure to envi-
ronmental contamination have to be included in
the evaluation of the results (see also Chapter 1,
Factors influencing human health).

The compulsory measuring programmes in Germany and the monitoring systems described below are
important instruments to detect the effects of measures taken within the scope of environmental and
health policy. If required, they also serve as a basis for a further development of current legal regulations.

The measuring and monitoring programmes run by the federal Länder and by the superior federal
authorities involved in the Action Programme Environment and Health (i.e. Federal Environmental
Agency – UBA, Federal Institute for Risk Assessment – BfR, Federal Office for Consumer Protection and
Food Safety – BVL, Federal Office for Radiation Protection – BfS, and Robert Koch Institute – RKI) meet at
the interface between environment and health.

Some of these programmes and monitoring systems will be presented in the individual chapters of
this brochure. On the basis of data obtained from these sources, the current situation in Germany will
be described.

10

Monitoring site Waldhof (Luneburger Heide). Samplers for rainfall and
dust can be seen in the front.



� Special health and 
environment programmes

In contrast, no corresponding legal provisions ex-
ist for the monitoring of health or disease, except
for cancer registries and the reporting of commu-
nicable diseases under the Infection Protection Act
(Infektionsschutzgesetz). A number of programmes
are run on the federal level, which are designed to
provide basic information for the assessment of re-
lationships between environment and health.

In this context, above all, the National Health
Interview and Examination Surveys and the
German Environmental Surveys have to be men-
tioned which are carried out from time to time
using random samples representative of the
adult German population. The National Health
Surveys have been designed to examine the state
of health of the population and record several
factors having an influence on health. The Envi-
ronmental Surveys performed among a subsam-
ple of participants of the National Health Survey
mainly focus on contaminants in blood and/or
urine, in house dust and in drinking water as
supplied to private homes.

� This time, the young generation
has its turn

In these surveys, the RKI and the UBA work in
close collaboration. Surveys were conducted so far
in 1985/86, 1990/92 and 1997/99. Meanwhile, a
national survey was started in May 2003, with the
RKI examining for the first time the health of
children and adolescents from 0 to 17 years of age
(see also Chapter 7, What remains to be done?).

The project has been designed as a modular sys-
tem. The core survey is to collect benchmark fig-
ures on a wide range of health issues. Three addi-
tional modules enable more detailed examina-
tions of subsets of participants regarding

� mental health and behaviour,
� motor development and
� environmental contamination in the immedi-

ate environment of test persons.

The UBA is involved in the last-mentioned mod-
ule performing special examinations to detect
environmental influences in children.

The corresponding inquiries will be completed
in 2006. They will be followed by a period of

evaluation. First results are expected to be avail-
able still in 2006.

The data on the body burden of environmental
pollutants in humans collected in the context of
the Environmental Survey will for instance consti-
tute an important basis for the work of the Com-
mission on Human Biological Monitoring of the
UBA. The task of this group is to derive reference
values to be used also by doctors in individual
medical care.

� Students as contemporary witnesses

Another monitoring system run by the UBA is al-
so dealing with the body burden of environmen-

11

Medical examination.

Preparation for blood pressure measurement.
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tal pollutants in humans, i.e. the national envi-
ronmental specimen bank part of which is the
human specimen bank. 

Since 1984, blood and other samples have been
obtained every year from young adults (cohorts
of students). Mainly blood and urine are exam-

ined for a number of certain environmental con-
taminants prior to being stored in a deep-frozen
state for later examinations. 

An important purpose of the human specimen
bank is to make samples available for examina-
tions at a later time, which may be particularly
useful if contaminants so far unknown become a
subject of discussion. Thus, it is possible to trace
back whether the respective contaminants have
been present for some time already or are of re-
cent occurrence and to find out when and in
which concentration this was the case.

� Focus on foods

In addition to official food control required under
the law, a food monitoring scheme has been
carried out since 1995 by the Federal Institute for
Health Protection of Consumers and Veterinary
Medicine and since 2002, the BVL in cooperation
with the Länder in order to provide an adequate
number of data as a basis for evaluation of the
intake of undesirable substances in food by the
consumer. Similar objectives have been pursued
by the breast milk and dioxin database run at the
BfR in cooperation with the Länder. This data-
base for the documentation and evaluation of
analytical results has been run since 1980.

A great variety of domestic and imported products is examined under
the Food Monitoring scheme.

Bundesamt für Strahlenschutz
(Federal Office for Radiation Protection)
Postfach 10 01 49
38201 Salzgitter
Internet: www.bfs.de

Bundesamt für Verbraucherschutz
und Lebensmittelsicherheit
(Federal Office of Consumer Protection 
and Food Safety)
Rochusstr. 63
53123 Bonn
Internet: www.bvl.bund.de

Bundesinstitut für Risikobewertung
(Federal Institute for Risk Assessment)
Thielallee 88–92
14195 Berlin
Internet: www.bfr.bund.de

CONTACT ADDRESSES

Robert Koch-Institut
(Robert Koch Institute)
Postfach 65 02 61
13302 Berlin
Internet: www.rki.de

Umweltbundesamt
(Federal Environmental Agency)
Postfach 33 00 22
14191 Berlin
E-Mail: bk@umweltbundesamt.de
Internet: www.umweltbundesamt.de



13

Germany has approximately 82 million inhabitants. Almost 72 % live in towns and cities with a popula-
tion of more than 10 000. This causes considerable demands on the infrastructure in urban agglomera-
tions. The infrastructure includes public transport and road systems (see Chapter 4, Road traffic), drink-
ing water and food supply (see Chapter 6, Food and nutrition), disposal of municipal solid wastes and
sewage treatment, medical care, educational institutions, leisure facilities and service industries and last
but not least, jobs. 

Great importance is attributed to the availability and the quality of housing. In Germany, people spend
a daily average of about fifteen hours in their homes, six hours in other indoor situations and no more
than three hours in the open (results of the German Environmental Survey 1990/92).

Whether people are content with their homes does not only depend on the level of comfort, the state of
repair of the building or intact relations with neighbours, but also on the residential environment.

The quality of the latter may be impaired above all by air pollution and noise. While for a long time,
the most important causes of pollution were found to be industrial establishments, power plants and
combustion by heating systems, the main factor held responsible today is road traffic.

3.1 The home

3 THE HOUSING ENVIRONMENT

On an average, 2.2 persons live in a home of
72 m2 in the new, and of 88 m2, in the old federal
Länder. 30 % of homes are situated in buildings
erected before 1949.

Constructional rehabilitation measures may have
a direct or indirect influence on the conditions
important for human health. An example is the
replacement of lead pipes for drinking water sup-
ply in older buildings (see Chapter 6.3, The water
we drink). Conversion to energy-efficient central
heating systems has brought about a reduction of
air pollution in homes and housing environ-
ments. The thermal insulation measures required
under the German Energy Conservation Act 2002
are binding both for newly erected and (with re-
strictions) existing residential buildings. Reduc-
tion of heat loss is intended to save heating ener-
gy and thus, reduce the release of the green-
house gas, carbon dioxide into the atmosphere. 

� A comfortable indoor climate

Comfortable conditions in a home are not only
determined by individual furnishings but also by
the indoor climate. Important factors include air
temperature, airflow velocity (e.g. draught) and
the temperature of radiating surfaces (e.g. cold
walls, a warm tiled stove). 

The comfort range in terms of relative humidity
is between 30 and 65 %. Indoor fountains intend-
ed to increase humidity are unnecessary, as a
rule, and may even contribute to the spreading
of pathogens. There is no indoor climate equally
optimal for every person staying in a room be-
cause the feeling of thermal comfort depends,
among other factors, on clothing, physical activi-
ty and individual sensitivity. 
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� Classical air pollutants

A healthy housing environment requires clean
air. This cannot be taken for granted, however.
Indoor air may become contaminated with many
harmful substances formed e.g. during heating
or cooking or released from construction materi-
als, carpets or furniture, household chemicals
and tobacco smoke or during decoration work
(see Box 4). 

� Bad atmosphere?

In Germany, more than 40 % of households use
gas for heating and cooking. During these
processes, nitrogen oxides are formed from the
nitrogen present in indoor air. While flue gases
from hot water and heating boilers are dis-
charged through the chimney, those released
during cooking may remain in the indoor air. Ni-
trogen dioxide is an irritant gas that may in-
crease breathing difficulty in persons suffering
from respiratory disease. Carbon monoxide is a
product of incomplete combustion taking place
for example in poorly drawing stoves fuelled with
coal or wood and also during tobacco smoking.
Carbon monoxide is poisonous, it will block the
transport of oxygen in the blood. 

Tobacco smoke is one of the most hazardous air
pollutants. It contains many carcinogenic sub-
stances. About 90 % of cases of lung cancer in
males and 66 % of those in females are to be at-
tributed to smoking. Also passive smoking may
cause cancer. 

Tobacco smoke has continued to constitute an es-
sential indoor air pollution problem also affect-
ing children. By means of determination of nico-
tine and cotinine levels in the urine and hair of

Box 3

Temperature ranges recommended for homes

Living room 20–23 °C

Bedroom 17–20 °C

Kitchen 18–20 °C

Bathroom 20–23 °C

WC 16–19 °C

Corridor 15–18 °C

Box 4

Source Selected compounds released, classes of compounds

Human Carbon dioxide, steam, body odours

Heating and cooking Nitrogen and carbon oxides, VOC1, steam,
particulate matter

Tobacco smoking As for heating and cooking, in addition, nicotine, nitrosamines,
cyanides, benzene, formaldehyde, benzo(a)pyrene

Household and DIY products VOC1 (volatile aromatic and aliphatic hydrocarbons, alcohols etc.)

Furniture VOC1

Construction and 
decoration work

VOC1 and semi-volatile organic compounds, pesticides, 
mineral fibres

Outdoor environment Ambient air pollution, radon

1 VOC, Volatile organic compounds
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test persons, the Environmental Survey conduct-
ed in 1990/1992 has demonstrated that as many
as 25 to 50 % of children aged 6–14 years are ex-
posed to tobacco smoke.

In children, passive smoking promotes the de-
velopment of bronchitis and pneumonia, infec-
tions of the middle ear and allergic diseases.
Both active and passive smoking of pregnant
women may result in developmental disorders
in the child.

Radon is of importance in certain mountainous
areas of Germany. Radon is a radioactive noble
gas (radium 222) formed in the ground by decay
of naturally occurring uranium. It may enter
buildings through leaks and cracks in the foun-
dation or the brickwork. Radon is carcinogenic.
The Federal Office for Radiation Protection (BfS)
has recommended measures to reduce radon lev-
els in homes with a radon concentration of more
than 200 Bq (becquerel) per m3, for example seal-
ing of the external envelope of buildings against
the soil.

Today, volatile organic compounds (VOCs) have
become common indoor air pollutants in every
home. VOCs include numerous synthetic and nat-
ural substances which are released from different

materials and products at room temperature.
VOCs are e.g.

� aromatic hydrocarbons such as toluene,
which are still used as solvents in a number of
glues and glossy paints and also in freshly
printed paper products,
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Pentachlorophenol (PCP) levels in humans: 
Detection of PCP in urine specimens of cohorts of students of Münster University

Source: Federal Environmental Agency, environmental specimen bank – human specimen bank
Figure 1
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� terpenes, which are natural wood compo-
nents released from wood panelling, from so-
called ‘natural’ paints or from detergents,
cleansers and cosmetics to which terpenes
have been added, e.g. as fragrances.

The use of new products in households has result-
ed in a permanent change in the range of for-
eign substances emitted into indoor air.

The health risks posed by low concentrations of
the individual volatile and semi-volatile organic
compounds and the great variety of mixtures of

substances are largely unknown. High concentra-
tions may cause olfactory disturbance and irrita-
tion of the conjunctiva of the eyes and of the mu-
cosa of the respiratory tract, but also headache,
vomiting, vertigo and tiredness. Such manifesta-
tions may be caused by ‘chemical’ products as
well as by ‘natural’ products. 

Some people increasingly feel to be more or less
helplessly exposed to an almost inestimable num-
ber of foreign substances in their homes. Often,
health complaints are attributed to such expo-
sure. The association of such complaints with the
clinical picture referred to as multiple chemical
sensitivity (MCS) is a subject of controversial dis-
cussion at present. 

� House dust has a ‘memory’

In house dust, a number of heavy metals and se-
mi-volatile compounds as well as fungal spores,
pollen and house dust mites may be detected.
Such contaminants may either originate from
within the home or have been introduced from
outside. The chemical compounds involved have
been studied best. Some of these are discussed
below as examples.

House dust has a ‘memory’ so to speak, covering
a number of foreign substances used or emitted
in homes. Thus, house dust analyses may reveal
for example whether pesticides were applied to
potted plants and upholstered furniture or if
wood preservatives were used. It is also possible
to detect the products involved. House dust analy-
ses carried out in the context of the German Envi-
ronmental Surveys 1985/86, 1990/92 and 1998
have demonstrated that contamination with the
wood preservative, pentachlorophenol (PCP) has
continued to decrease from an average of 0.91 to
0.33 and then to 0.25 mg/kg house dust. PCP had
been used in homes as a wood preservative until
1978. Since 1989, it has been generally banned in
Germany (Regulations to Ban PCP).

Long-term analyses of urine samples of young
adults have shown that also the PCP levels found
in humans have been on a continuous decrease
since the mid-1980s (see Fig. 1). However, expo-
sure to PCP may still be caused by PCP-impreg-
nated reclaimed wood and imported wooden ob-
jects, leather goods and textiles. A number of
symptoms attributed to the indoor use of PCP has
become known as the so-called ‘wood preserva-
tive syndrome’.

Spider mites (right, natural size: 0.5 mm) are a pest infesting potted
plants kept in homes The specimen depicted is being approached by a
predatory mite (left). Predatory mites are beneficial organisms that may
be used instead of pesticides for the biological control of spider mites.

Oil lamps should never be left unattended.
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Pest control products are also referred to as bio-
cides. Since 2002, their use has been regulated by
the Biocidal Products Act converting the EC Bioci-
dal Products Directive (98/8/EC) into German na-
tional law. Under conditions of intended use of
approved plant protection products and wood
preservatives, it can be assumed that no impair-
ment of health will occur. 

Pyrethroids have been used to control pests in-
festing potted plants and for the finishing treat-
ment of wool carpets to make them mothproof.
Permethrin, a substance belonging to the group
of pyrethroids, was also detected in house dust in
the context of the German Environmental Survey.
The concentrations found hardly changed be-
tween 1990/92 and 1998. Average levels were
around 0.22 and 0.24 mg/kg house dust.

In the context of the Environmental Survey 1998,
house dust was also examined for polychlorinat-
ed biphenyls (PCBs). PCB concentrations detected
were within the range of the limit of determina-
tion. PCBs were used as plasticisers in joint seal-
ing compounds and as an insulating liquid in
transformers, e.g. those fitted in fluorescent
lamps. They were used in public buildings rather
than in private homes. The health effects of low
indoor PCB concentrations have again become a
subject of controversial discussion. PCB com-
pounds (congeners) are fat-soluble. They are in-
gested mainly in foods of animal origin (see
Chapter 6.2, Is our food safe enough?) and accu-
mulate in human fatty tissue. They may cause
damage to the immune system and thus increase
susceptibility to infections.

Plasticisers such as diethylhexylphthalate (DEHP)
have been used in many products and are found
in house dust in relatively high concentrations
(up to more than 1 g/kg house dust, Environmen-
tal Survey 1998). At present, no reliable assess-
ment can be made as to health risks related to
such exposure. Animal studies have revealed im-
pairments of the reproductive capacity. For rea-
sons of preventive health care, it is necessary to
reduce DEHP exposure to levels as low as techni-
cally achievable.

� Household chemicals should be 
kept under lock and key

Cases of acute poisoning resulting from acciden-
tal ingestion of cleansers or other household
chemicals are of a completely different character. 

Under the Chemicals Act, the Federal Institute for
Risk Assessment (BfR) has recorded and evaluated
reports on cases of poisoning submitted by physi-
cians in order to analyse the causes and give rec-
ommendations for prevention. Until 2002, ap-
proximately 6 600 cases of poisoning and sus-
pected poisoning in children and adults that oc-
curred in the private sector were registered. As
many as 18 % of these were attributed to
cleansers, disinfectants and personal hygiene
products, cosmetics and liquid fuels (predomi-
nantly lamp oils). 

Liquid products are often coloured and therefore
easily mistaken for beverages or syrup if they are
not stored separately from food and are insuffi-
ciently labelled. Household chemicals should be
kept under lock and key, particularly where
children live in the household.

In the period mentioned, almost 460 accidents
involving children occurred which had been
caused by paraffin-containing lamp oils. When
lamp oil is ingested, aspiration often occurs as a
natural reflex. This may result in severe pneumo-
nia with a lethal outcome.

� Mould-infested homes

Recently, there has been an increasing number
of inquiries concerning the presence of moulds.
Mould growth is promoted when the relative hu-
midity exceeds 65 %. Elevated humidity levels
may result from a variety of conditions:
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� In old buildings or structurally defective new
buildings not constructed according to the
relevant regulations, humidity may penetrate
into walls, floors and ceilings through roof
leaks or cracks in the brickwork.

� Thermal bridges or incorrect insulation may
result in elevated relative humidity at surfaces
or even in condensation. 

� Also the habits of the occupants may in-
crease indoor air humidity. Correct ventila-
tion may help to avoid problems with
moulds (see Box 5).

Moulds do not only cause damage to materials.
Their spores may be responsible for asthma,
dermal and mucosal irritations or influenza-
like symptoms.

� Black soot deposition

The phenomenon of black soot deposition in
homes has occurred with increasing frequency
since the 1990s. It is characterised by black oily-
greasy deposits on walls and ceilings. The prob-
lems arise particularly during the heating season,
mostly within a short period after decoration
work has been performed (see photograph). 

In order to investigate this problem, the Federal En-
vironmental Agency (UBA) conducted inquiries by
means of questionnaires and comprehensive mea-
suring programmes. The results have shown that
the formation of the black deposits is caused by the
joint action of certain factors (see Box 6). In this
process, not all factors must be present at a time.
The black deposits consist of particles containing
semi-volatile organic compounds (SVOCs).

After decoration work, such compounds, among
them for example plasticisers, are emitted from
paints, PVC floor coverings and floor adhesives or
vinyl wallpapers. They bind to particulate matter,
which is transported by circulating air and de-
posited on surfaces having a lower temperature.
Also cleansers and polishes, e.g. those applied to
furniture, may contain SVOCs.

SVOCs evaporate into the indoor air slowly but
over a relatively long period. Decoration work
performed in summer may be followed by the
formation of a soot-like greasy film on walls, cei-
lings and furniture, mostly in the following au-
tumn and winter months when rooms are heated
and less ventilated.

Such deposition is primarily an aesthetic prob-
lem. According to the present state of know-
ledge, no acute health risk is involved. Neverthe-
less, removal of the deposits is recommended
since also in this case, the precautionary princi-
ple should be adhered to.

� A healthy home

Everybody can contribute a lot to a good indoor
air quality in one’s home. For instance, it is an
important measure to open the windows in order

Cultivation of moulds from an indoor air sample.

Black soot deposition occurred in this room six months after decoration
work.
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to exchange bad air in the rooms for fresh air.
Proper ventilation (see Box 5) does not only re-
move bad smells but also reduces high humidity
and pollutant levels.

When choosing materials for decoration work or
new furniture, preference should be given to
low-emission wall paints, floor coverings, floor
adhesives and also furniture which have been la-
belled with the environmental label, Blue Angel
(see picture). 

Also for the home office, correspondingly la-
belled printers and fax machines are available.
For more detailed information, please consult
www.blauer-engel.de.

The awarding procedure for the environmental
label is a joint activity of the Environmental La-
bel Jury, the UBA and the RAL – Deutsches Insti-
tut für Gütesicherung und Kennzeichnung e.V.
(RAL German Institute for Quality Assurance and
Certification), Sankt Augustin.

You may still find some products labelled
“Umweltzeichen weil…” (Environmental Label
awarded for …). This is the old version of the En-
vironmental Label currently replaced by the new
one shown.

The brochure published in 1992 under the Ger-
man title, “Konzeption der Bundesregierung zur
Verbesserung der Luftqualität in Innenräumen”

(Concept of the Federal Government on the Im-
provement of Indoor Air Quality) provides an
overview of the great number of regulations con-
cerning indoor air quality which are mostly of a
general character.

One of the bodies dealing with regulations on in-
door air conditions is the Commission on Indoor
Air Hygiene (Innenraumlufthygiene-Kommission)
at the UBA comprising representatives of the fed-
eral and Länder authorities and of scientific insti-
tutions. This Commission has published, among

Box 6

Factors promoting black soot deposition

� Decoration work (see text)

� Room furnishings such as PVC floor cover-
ings and decorative tiles containing PVC or
made from other synthetic materials etc.

� Use of smoking candles, small oil lamps in
the room

� Constructional conditions such as thermal
bridges, reduced air exchange

� Indoor climate and weather influences such
as increased electrostatic charge, low humid-
ity etc.

Environmental label Blue Angel for low-pollutant glossy paints (RAL-UZ 12a).

Box 5

How to care for good indoor air?

� Homes should be ventilated intensively sev-
eral times a day for 5-10 min, which is most
effective if opposite windows are opened.

� Rooms should be ventilated every time
steam is produced (during cooking, after
taking a shower etc.).

� Work involving strongly smelling substances
should always be performed under condi-
tions of simultaneous ventilation.

� A continuous air exchange should be en-
sured when cooking on kitchen ranges us-
ing coal or gas as fuel.

� Also rooms used less often should be venti-
lated regularly.



Bundesamt für Strahlenschutz
(Federal Office for Radiation Protection)
Postfach 10 01 49
38201 Salzgitter 
Internet: www.bfs.de

Bundesinstitut für Risikobewertung 
(Federal Institute for Risk Assessment)
Thielallee 88–92
14195 Berlin
Internet: www.bfr.bund.de

CONTACT ADDRESSES

Umweltbundesamt
(Federal Environmental Agency)
Abt. Umwelthygiene, 
Abt. Technik- und Produktbewertung
or Zentraler Antwortdienst
Postfach 33 00 22
14191 Berlin
E-Mail: bk@umweltbundesamt.de
Internet: www.umweltbundesamt.de

3.2 The air we breathe

In Germany, a nation-wide monitoring of air
pollutants is required by law. For this purpose,
about 500 measuring sites situated between
Westerland on the island of Sylt in the north and
the Zugspitze peak in the south are run by feder-
al and Länder institutions. Since June 2001, the
Federal Environmental Agency (UBA), in coopera-
tion with the responsible Länder institutions, has
published on the internet current data on air
pollution for the whole of Germany on an hourly
basis (www.umweltbundesamt.de/luft).

Air pollutants spread in the environment irre-
spective of national boundaries. The WHO Col-
laborating Centre for Air Quality Management
and Air Pollution Control established at the UBA

others, a manual for indoor air hygiene in school
buildings (“Leitfaden für die Innenraumlufthy-
giene in Schulgebäuden”), which is also applicable
to private homes. A manual for the prevention, ex-
amination, evaluation and removal of indoor
mould growth (“Leitfaden zur Vorbeugung, Unter-
suchung, Bewertung und Sanierung von Schim-
melpilzwachstum in Innenräumen”) has been pub-
lished recently. Both publications contain recom-
mendations to consumers concerning the preven-
tion and reduction of indoor contamination.

Great practical importance is to be attributed to
the European Construction Products Directive
(89/106/EEC) which has been converted into na-

tional law by the German Construction Products
Act. Under the above legislation, construction
materials must undergo an assessment procedure
as to health risks from components that may be
released from such products into rooms. The
Commission for Health Assessment of Construc-
tion Products (“Ausschuss für die gesundheitliche
Bewertung von Bauprodukten”) has developed a
template for that purpose. 

The WHO Collaborating Centre for Air Quality
Management and Air Pollution Control estab-
lished at the UBA plays an important role in coor-
dinating the work that deals with health-relevant
problems of indoor and ambient air hygiene.

20
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plays an important coordinating role in activi-
ties to improve air quality (see also Chapter 3.1,
The home).

� Successful air pollution control

Results of monitoring performed for many years
have demonstrated a clear decrease of concentra-
tions, mainly those of sulphur dioxide, particu-
late matter and lead, polycyclic aromatic hydro-
carbons (PAHs) and dioxins.

The improvement in air quality was also reflect-
ed in the opinions stated in a representative in-
quiry into environmental awareness in Germany
in 2002 (Umweltbewusstsein in Deutschland
2002). Only 5 % of persons participating in the
inquiry found air pollution to be the most seri-
ous environmental problem in their home com-
munities. 20 % considered road traffic and 9 %,
waste and waste management as problems of
primary importance.

The legally required progress was achieved
owing to the introduction of an improved heat-
ing technology, among other measures. The
Federal Act on Protection against Ambient Pol-
lution, particularly the Technical Instructions
on Air Quality Control based on the Act, and
the EC directives on air pollution control have
been in the centre of interest concerning these
efforts and will result in a further improvement
of air quality.

For a long time already, smoking chimneys (as
seen in the photograph) are not typical of a mod-
ern industrial society any more. Air pollution
caused by sulphur dioxide and particulate matter
has decreased tremendously. Typical winter-type

smog episodes (see Box 7) have virtually disap-
peared so that regulations on winter-type smog
are no longer needed.

There has been a substantial reduction of acute
health risks associated with winter-type smog. Al-
so the incidence of chronic respiratory disease at-
tributable to long-term exposure has decreased.
From 1991 to 2002, the Ministry of Health of the
federal Land of Saxony-Anhalt (east Germany) fi-
nanced a study involving more than 20 000
school-beginners. A comparison with beginners
of the federal Land of North Rhine-Westphalia
(west Germany) revealed that during the study
period, the incidence of respiratory diseases in
the East had dropped to the low level found in
the West. This decreasing trend could also be
demonstrated by the Bitterfeld Study commis-
sioned by the UBA and carried out between 1992

Box 7

� Smog is an acronym derived from the words,
smoke and fog.

� Winter-type smog has also been referred to as
‘London smog’. Because of certain weather
conditions (atmospheric inversion), contami-
nant levels in ambient air increase excessive-
ly near the ground. During the well-docu-
mented smog episode in London in Decem-
ber 1952, mortality among the population
was more than twice as high as usual. Peo-
ple affected were mainly those suffering
from pulmonary or cardiovascular diseases.
Levels of sulphur dioxide and particulate
matter were as high as several mg/m3.

Box 8

Classification of particulate matter (PM) by particle size

Coarse particles > 10 µm are mainly retained in the nasopharynx

< 10 µm (PM10) may pass the larynx and reach the lower respiratory tract

Fine particles < 2,5 µm (PM2.5) may reach the pulmonary alveoli

Ultrafine particles < 0.1 µm (PM0.1) may penetrate the pulmonary alveoli

µm = micrometre, the thousandth part of a millimetre



22

and 1999 among almost 5 400 schoolchildren in
three different polluted regions of the east Ger-
man Land of Saxony-Anhalt (including Bitterfeld,
a town known for heavy industrial pollution in
the past).

Examinations performed in the context of the
German Environmental Surveys 1990/92 and
1998 have demonstrated a decrease of the PAH
burden among people living in the new federal
Länder. The levels of PAH metabolites detected in
the urine of test persons living in the east Ger-
man Länder have meanwhile dropped to those
found in persons in west Germany. Obviously,
this decrease is also owing to the installation of
modern heating systems. 

� Particulate matter

Improvements in heating and filter technology
have resulted in a considerable reduction mainly
all of the larger dust particles. This is why smaller
particles have reached higher shares in the total
particulate matter. Fortunately, the overall con-
tamination with airborne particles has de-
creased. Since 1997, the average total concentra-
tion of particulate matter on the national level
has dropped to below 40 µg/m3 (see Fig. 2).

In Germany, concentrations of the health-relevant
suspended particulate matter fraction PM10 (see
Box 8) have been monitored since 1999. In 2002,
the annual average concentration from all meas-
uring sites was 26 µg/m3. Nevertheless, an annual
average concentration of 40 µg/m3 was exceeded
at 3 % of measuring sites. From 2005, this value
will constitute a standard that must be met.

In the future, concentrations of particulate mat-
ter will decrease only slowly since the potential
of reducing measures has been largely exhaust-
ed. Transport by the wind of particulate matter
over long distances and across state borders will
continue to play a role.

Suspended particulate matter is a substance mix-
ture classified according to particle size (see
Box 8). During inhalation, the relatively large
particles will be retained in the upper airways.
They are wrapped in mucus and swallowed or
removed by sneezing or blowing one’s nose. Par-
ticles of less than 10 µm in diameter will enter
the trachea and bronchi and partly, also the pul-
monary alveoli. This may result in bronchitis and
respiratory symptoms such as cough.

Particles smaller than 0.1 µm in diameter may
even penetrate into the pulmonary alveoli and
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affect directly or indirectly the airways and also
the cardiovascular system. Particularly in elderly
people and persons suffering from respiratory
and cardiovascular diseases, exposure to fine par-
ticles may increase the incidence of health com-
plaints and mortality. Substances such as heavy
metals may be inhaled as constituents of particu-
late matter.

A number of other airborne substances may ad-
here to the surface of the particles and, together
with these, enter the lungs where they are de-
posited. They may increase the health-damaging
effects of particulate matter.

� Motor vehicle emissions

Germany is among the countries with the high-
est per capita numbers of cars. Fuel consumption
is correspondingly high. In 2001, for example,
45 700 million litres of fuel were consumed for
passenger and 22 300 million litres, for goods
traffic. A part of the fuel will enter the environ-
ment due to evaporation or incomplete combus-
tion together with the exhaust gases.

The most important contaminants produced by
road traffic include volatile organic compounds
(VOCs) originating from fuels, and nitrogen ox-
ides, carbon monoxide, carbon dioxide and dust
particles such as soot. Road traffic has a high
share in the emission of such substances (see
Table 1).

Nitrogen dioxide is an indicator of contaminants
emitted by road traffic. As compared to petrol-
driven cars, diesel cars emit up to ten times as
much nitrogen oxides. At present, the average
annual concentrations recorded in urban areas
are between 30 and 60 µg/m3. At single measur-
ing sites, up to 80 µg/m3 may be recorded. In con-
trast, levels in rural areas are mostly below 10
µg/m3. From 2010, the annual average concentra-
tion must not exceed 40 µg/m3.

Nitrogen dioxide causes irritation of the respira-
tory tract. In susceptible persons suffering e.g.
from asthma, increased concentrations may

Table 1: Contribution of road traffic to total emission in 1990 and 20011

1990 2001 1

Pollutant
Total emission

(kilotons)
Share of road traffic 

(%)
Total emission

(kilotons)
Share of road

traffic (%)

Nitrogen oxides 2 706 57 1 592 61

Carbon monoxide 11 213 62 4 797 50

VOCs2 3 221 48 1 606 21

Carbon dioxide 1 014 000 17 871 000 21

Particulate matter 1 858 4 247 22

1 preliminary figures; 2 VOCs, volatile organic compounds 

Source: Federal Environmental Agency, 2003

Racing start – a lot of exhaust and noise.
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result in dyspnoea. It has been discussed
whether emissions produced by road traffic may
promote the development of allergic diseases.
Such diseases, however, are characterised by a
very complex clinical picture. Family predisposi-
tion and lifestyle factors such as the number of
family members, the furnishing of rooms and
keeping of pets in the home have to be taken
into account.

Carbon monoxide is produced by incomplete
combustion of fuel. Elevated concentrations of
carbon monoxide are very toxic, impairing the
oxygen transport by haemoglobin. To prevent
poisoning, working on cars with running en-
gines in closed rooms such as garages must be
avoided. Complete combustion will produce car-
bon dioxide, a greenhouse gas indirectly affect-
ing human health.

Part of the VOCs produced by road traffic is re-
leased during incomplete combustion, and the
remaining share, as a consequence of evapora-
tion due to tank aeration, through leaks on the
vehicle and during refuelling. Also transport
and storage of fuels have to be taken into ac-
count. A considerable decrease in VOC emissions
in Germany has been achieved by exhaust emis-
sion regulations for motor vehicles and above
all, the exchange of two-stroke engine cars for
cars powered by modern engines in the east
German Länder.

An important contaminant among the VOCs is
benzene. Its admissible concentration in petrol is
up to 1 % by volume. Benzene is carcinogenic
and causes in particular leukaemia. To protect
human health, the annual average benzene con-
centration in the air must not exceed 5 µg/m3 as
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from January 2010. The highest benzene concen-
trations in ambient air have been measured on
busy roads, particularly in street canyons. In
some large cities such as Berlin, Leipzig, Essen,
Magdeburg and Wiesbaden, the average annual
benzene concentrations in 2000 varied between 2
and almost 6 µg/m3. An obviously decreasing
trend has been observed as compared to the con-
centrations measured in the 1990s. Meanwhile,
the average annual benzene concentrations at
90–95 % of measuring sites have reached levels be-
tween 0.5 and 5 µg/m3. In rural areas, concentra-
tions are only around 0.5 µg/m3.

In particular, exhaust gases from diesel engines
contain soot particles. They have a considerable
share in air pollution with particulate matter
since the share of diesel cars in the number of
fresh registrations in Germany has more than
doubled in recent years. Meanwhile, the share of
diesel cars has reached almost 40 %. Therefore,
in spite of stricter exhaust emission standards,
the concentration of fine particles has not de-
creased at measuring points situated close to
road traffic. Fine particles increase mortality
among persons suffering from respiratory and
cardiovascular diseases. In animal studies, emis-
sions from diesel engines have proved to be car-
cinogenic, with the main carcinogenic effect be-
ing attributed to soot.

The use of noble metals in catalytic converters
has led to accumulation of platinum and palladi-
um in road dust. At present, there are no data
available yet on possible effects of these metals
on the environment or human health. 

In humans, no increased platinum levels attribut-
able to the use of catalytic converter-equipped
cars are found at present. This is one of the find-
ings of examinations performed in the context of
the Environmental Survey 1998. Elevated levels
found in urine were linked to the platinum con-
tent in alloys used for dental treatment (inlays,
crowns, bridges).

� Measures to reduce 
motor vehicle emissions 

The total emissions could be considerably re-
duced during the 1990-2001 period (see Table 1).
This decrease can be attributed to technological
progress such as improved fuels and advanced
car technology resulting in a reduction of fuel
consumption and emission of pollutants.

However, such progress has been partially out-
weighed by increasing numbers of car registra-
tions and longer distances covered by motor ve-
hicles (see also Chapter 4, Road traffic). While
the relative share of road traffic in the total emis-
sion of nitrogen oxides, carbon monoxide and
carbon dioxide has remained almost unchanged
during this period, the share in VOCs could be
reduced considerably.

Introduction of the three-way catalytic converter
for petrol engines has resulted in a reduction of
carbon monoxide and nitrogen oxide emissions
by approx. 90 and 50 %, respectively, at suffi-
ciently high operating temperatures. However,
such temperatures are not reached over short dis-
tances. The emission of carbon dioxide as a final
combustion product may be reduced only by a
reduction of fuel consumption. Introduction of
the controlled catalytic converter started in the
mid-1980s. In 2000, 87 % of petrol-driven cars
were equipped with catalytic converters, while in
2003, this was the case already in 95 %.

Source: Federal Environmental Agency and federal Länder, 2003
www.env-it.de/luftdaten/start.fwd

Figure 4
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To operate vehicles equipped with catalytic con-
verters, only unleaded petrol can be used. This
fact has promoted the production of such fuels.
To protect human health, the 1971 Act on Lead
Levels in Petrol brought about a strong limitation
of lead levels in petrol followed by a complete
ban. This has resulted in a continuous decrease
of the lead burden in humans.

Such decrease has been very clearly demonstrat-
ed by the long-term analysis of blood specimens
from young adults (see Fig. 3).

The German regulations on vapour recovery sys-
tems (“Saugrüsselverordnung”) have brought
about a reduction of fuel evaporation during re-
fuelling. In Germany, the term “Saugrüssel” (liter-
ally: suction proboscis) is used for petrol nozzles
providing for vapour recovery that were devel-
oped in the 1990s. A further decrease can be ex-
pected because from April 2003, such vapour re-

covery systems have been equipped with a detec-
tion system providing for automatic interruption
of fuel supply if a malfunction of gas recovery is
not corrected within 72 hours. Appropriate con-
version of all filling stations is supposed to be
finished until December 2007. According to esti-
mates made by the UBA, VOC emissions can be
reduced by 5 000 tons until 2010, including
40 tons of the carcinogenic benzene. 

Also in diesel vehicles, emissions were reduced by
technological improvement of the engines. Due to
the ecological and health effects of exhaust gases
from diesel vehicles, a marked reduction of ex-
haust emission standards for particles and nitrogen
oxides has been considered as necessary by the
UBA. Already at present, technical measures are
available for the reduction of particle emission
such as the diesel particulate filter, which is al-
ready offered by a number of manufacturers in
serially produced cars. Further development of ex-
haust emission standards for passenger cars, light
commercial vehicles and commercial vehicle en-
gines has been demanded also on an international
level. Fine particles including diesel soot particles
have been considered as a primary issue in envi-
ronmental hygiene also by the WHO, the Euro-
pean Commission and the US Environmental Pro-
tection Agency (EPA).

� Ozone and summer-type smog

Summer-type smog is a mixture of several envi-
ronmental pollutants. It is formed by atmospher-
ic reactions of a great variety of precursor sub-
stances when exposed to sunlight.

Ozone is considered as the adequate indicator of
summer-type smog. It has the highest concentra-
tions of all the substances involved and is also of
prominent importance as to its health effects.

The latter will mainly consist in irritation of the
respiratory tract. Irritation of the eyes is mostly
to be attributed to the other photochemical oxi-
dants present. Ozone concentrations will be high
during episodes of ‘fine’ weather with intense
sunshine mainly around noon and in the early
afternoon. During these times of the day, out-
door physical activity should be limited. It is rec-
ommended to ventilate rooms mainly in the
morning and evening hours.

Since 1990, there has been a decrease in the
number of days with peak ozone concentrations

Box 9

� Summer-type smog has also been referred to as
‘Los Angeles smog’ since it was observed for
the first time in this city in the 1940s.

� The precursor substances include, above all,
nitrogen oxides and volatile organic com-
pounds. By complex photochemical reac-
tions (i.e. reactions caused by light), they
form ozone and a number of so-called
photochemical oxidants.

‘Los Angeles Smog’
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exceeding 240 µg/m3 (one-hour average). How-
ever, the annual averages have increased from 41
to 46 µg/m3 during the 1990–2002 period.

During the summer months, current ozone levels
are published on the internet on an hourly basis
and national ozone level prognoses are provided
by the UBA to inform the population (for an ex-
ample, see Fig. 4). In some cases, ozone levels
and prognoses are also published by the Länder
for their respective regions.

� Is there a man-made climate change?

It is a fact that the greenhouse effect is a natural
phenomenon in which solar radiation and the so-
called greenhouse gases play a role. Life on earth
would be impossible without this warming effect. 

Water vapour and atmospheric trace gases such
as carbon dioxide, dinitrogen oxide, methane and
ozone permit the passage of large shares of the
short-wave solar radiation through the atmo-
sphere. However, the long-wave thermal radiation
emitted by the earth is absorbed by them (see
also Chapter 5.2, Every day on the sunny side?).
As a result, similar to the conditions found in a
greenhouse, the earth’s surface is heated to an av-
erage global temperature of 15 °C. Without this
natural greenhouse effect, the temperature on
the earth’s surface would be about 33 °C lower.
Life would be impossible under such conditions.

Human activities have resulted in an additional
release of such greenhouse gases accumulating in
the atmosphere (see Box 10). As a result, the natu-
ral greenhouse effect is reinforced by human in-
terference, leading to an increase of the average
global temperature. Such changes of the climatic
conditions result in a great variety of problems.

Since 1861, an average global warming by ap-
prox. 0.6 °C has been observed. Continued global

warming is most likely to have adverse effects on
human health and the ecosystem.

In order to fight the additional man-made
greenhouse effect, the European Union pledged
to reduce greenhouse gas emissions by an ave-
rage of 8 % until 2008/2012 against the 1990 lev-
els. Such commitment was based on the Kyoto
Protocol adopted by the 3rd Conference of the
Parties to the United Nations Framework Con-
vention on Climate Change (UNFCCC) in 1997.

Germany has aggreed to reduce emissions of
greenhouse gases by 21 % until 2008/2012. With a
view to national objectives in terms of climate pro-
tection, Germany has adopted the National Cli-
mate Protection Programme in 2000. An impor-
tant component consists in the Energy Conserva-
tion Act aiming at a reduction of CO2 emissions
produced by heating of buildings (see Chapter 3.1,
The home).

Box 10

Greenhouse gases and their most important emitter 
groups in Germany

Carbon dioxide: Combustion of fossil fuels, heat-
ing plants and power stations, industrial fur-
naces, road traffic

Methane: Agriculture, oil and natural gas pro-
duction, local gas distribution networks, waste
management

Dinitrogen oxide (nitrous oxide, laughing gas):
Mainly agriculture and waste industry, also
traffic and chemical industry

Hydrochlorofluorocarbons and sulphur hexaflu-
oride: Refrigerants, e.g. in air conditioning sys-
tems in cars, propellants in aerosol cans, insu-
lating gas

Umweltbundesamt
(Federal Environmental Agency)
Abt. Verkehr, Lärm, Abt. Umweltschutz-
instrumente, Klimaschutz und Energie,
Abt. Umwelthygiene, Abt Luft
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or Zentraler Antwortdienst
PF 33 00 22
14191 Berlin
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Internet: www.umweltbundesamt.de
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Environmental noise has been one of the sub-
jects most intensively discussed by the public.
Sounds that are unwanted are referred to as
noise. Therefore, noise is mostly perceived as
being caused by others.

Noise effects do not only depend on physical
properties but also on a number of individual
factors. Among these are sensitivity to noise or
the fact whether the person affected is handling
the noise source, e.g. a washing machine or
lawn mower, and benefits from it. Therefore,
the individual nuisance thresholds of noise
may vary.

Depending on the time of day when noise is ex-
perienced, it may affect the quality of life in
many ways. Particularly in the silence of the
night, attention will be attracted by sounds that
are not perceived during the day. 

� Road traffic is the greatest nuisance

Adverse effects of environmental noise mainly re-
fer to nuisance. Such nuisance consists e.g. in in-
terference with person to person communication,
interference with rest and relaxation both in-
doors and outdoors, disturbed concentration dur-
ing mental activity, impaired well-being and limi-
tations to the use of homes.

3.3 Where does the noise come from?

Box 11

� For the classification of noise exposure, the
sound-pressure level is expressed in decibel
[dB(A)]. The letter A means that for evalua-
tion the fact that sensitivity to noise will
vary at different frequencies has been taken
into account.

� In the case of common environmental noise,
a rising of the sound-pressure level by 10
dB(A) would be perceived as double intensity. 

� Two sources with identical sound emission
levels (e.g. 50 dB(A)) will not add to a (dou-
ble) value of 100 dB(A) but to a total level of
53 dB(A). Ten such sources will not add up
to 500 dB(A) but will result in 60 dB(A).

0

10

20

30

40

50

60

70

R e l a t i v e  f r e q u e n c y  ( % )

Road traffic Neighbours Industrial activity Rail traffic Air traffic

Extremely Strongly Moderately Little

Noise as a nuisance: Replies to the question whether the participants of the study felt disturbed or
annoyed in their home environment within the last 12 months by the noise sources listed. 
The share of persons interviewed who did not experience any disturbance or annoyance from the respective
source of noise corresponds to the difference to 100 %.

Source: Federal Environmental Agency: “Umweltbewusstsein in Deutschland im Jahr 2002”
Figure 5
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Road traffic has continued to be the dominating
source of noise. Two thirds of persons inter-
viewed felt annoyed by it, however to a varying
extent. This has been the result of representative
inquiries about the issue of environmental aware-
ness in Germany (“Umweltbewusstsein in
Deutschland”) conducted by the Federal Environ-
mental Agency (UBA) at regular intervals since
1984. Questionnaires also included queries on
disturbances and annoyance by environmental
noise. In Fig. 5, some results from the 2002 in-
quiry are shown.

Since the spring of 2002, the UBA has been con-
ducting an on-line inquiry into annoyance from
noise in Germany www.umweltbundesamt.de/
laermumfrage.

Up to the present, more than 10 000 citizens
have participated and their opinions given clear-
ly demonstrate that noise from road traffic, but
also that from next-door neighbours and air traf-
fic is perceived as a problem in Germany.

� Noise may also lead to disease

An effect of noise generally known to occur at
high intensities (from 85 dB(A)) is damage to the
inner ear. This will result in noise-induced hear-
ing impairment that is irreversible. However, envi-
ronmental noise will rarely reach sound-pressure
levels sufficiently high to cause such damage (see
Chapter 5.1, Music – the louder the better?).

Also below the levels resulting in noise-induced
hearing impairment, permanent and loud envi-
ronmental noise may, in addition to being a nui-
sance, cause health impairment. A number of
studies have suggested an association to exist be-
tween continuous noise from road traffic and cer-
tain diseases, mainly such of the cardiovascular
system. For instance, persons exposed to a sound-
pressure level of 55 dB(A) or more (8-hour aver-
age) measured in front of their bedroom win-
dows were treated for hypertension twice as of-
ten as those exposed to average sound levels be-
low 50 dB(A). Studies on myocardial infarction
have demonstrated an association with exposure
to traffic noise at levels of 65 dB(A) and higher
(equivalent sound-pressure level over 16 hours
outside homes).

Evidence strongly suggests that such effects are
induced by stress hormones that put the body on
alert. These hormones will affect a number of or-

gans, mainly those of the cardiovascular system.
In addition to smoking and overweight, noise is
therefore another serious risk factor for the de-
velopment of cardiovascular diseases.

� How many people are exposed 
to traffic noise?

In Germany, the share of the population exposed
to road and rail traffic noise is estimated by mod-
el calculations. In such calculations, factors such
as numbers and types of vehicles, their noise
emission, speed and types of road surface are tak-
en into account.

It has been demonstrated by these model calcula-
tions that in many places, exposure to noise is
high during the daytime. Almost 50 % of the
population are exposed to sound levels exceeding
55 dB(A) and almost 16 %, to sound levels exceed-

Noise gets on someone’s nerves.

Box 12

� The assessment of noise exposure is not
based on individual sound events but on av-
eraged sound-pressure levels. These levels
are calculated from individual sound levels
determined over a defined period of time
(equivalent sound-pressure levels).

� A level of zero dB corresponds to the normal
hearing threshold level at 2 000 Hertz (Hz).
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ing 65 dB(A). Even at night there is hardly any
improvement of the situation. About 17 % of the
population are exposed to sound levels exceeding
55 dB(A) at night. 

Some individual sound events from everyday life
may give an idea of the intensity of the sound
levels (see Box 13).

� Noise in the home

In the home, conditions should permit a good
person to person communication and an undis-
turbed sleep. As a rule, no problems will arise
even with windows tilted for ventilation, if out-
door sound levels (equivalent sound-pressure lev-

els) are below 50 dB(A) during daytime and 40
dB(A) during the night.

As a rule, speech is understood well at sound lev-
els below 40 dB(A). For children, however, levels
of interfering noise should not exceed 35 dB(A).
This applies to homes as well as to classrooms. As
compared to adults, the acoustic memory is not
yet fully developed in children. As a conse-
quence, they are often unable to distinguish be-
tween similar-sounding words at interfering back-
ground sound levels. This will result in a reduced
understanding of speech and also in an impair-
ment of language acquisition.

Disturbance of sleep by noise may indirectly affect
health since the quality of sleep is very important
for health. Noise-induced sleep disturbance can
be largely avoided if the equivalent sound level
does not exceed 30 dB(A) and individual sound
events in the bedroom do not exceed 45 dB(A).

� Observation of resting hours

Noise abatement can be practised by everybody.
Mutual courtesy may avoid or solve many prob-
lems. This can be practised for example by ob-
serving established resting hours. The respective
regulations are not completely identical every-
where. Resting hours at night will commonly be
fixed to begin at 22 h. Special rules apply to the
outdoor use of appliances and machines in resi-
dential and recreation areas (see Box 14). 

Box 13

How loud are the different noises?

Leaves on trees moved by a
mild breeze

10 dB(A)

Ticking of a wrist-watch 20 dB(A)

Whispering 30 dB(A)

Normal conversation 55 dB(A)

Passenger car in urban traffic 75 dB(A)

Heavy goods vehicle in urban
traffic

85 dB(A)

Box 14

Resting hours established for the use of 
certain equipment

Weekdays 20.00 to  7.00 h

For the use of brush cutters, grass edge trim-
mers, leave blowers and leave collectors, the
following additional resting hours should be
observed

7.00 to  9.00 h
13.00 to 15.00 h
17.00 to 20.00 h

Sundays and
public holidays all day and night

Regulations on the Protection against Noise from
Appliances and Machines of 29 August 2002

Traffic noise is the predominant noise source.
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These regulations are not always and everywhere
complied with, which may partly also be due to
unawareness of their existence.

� The Blue Angel label for 
low-noise appliances

For gardening works, there are for example low-
noise shredders and chain saws available that
have been labelled with the Blue Angel label (see
also Chapter 3.2, The air we breathe, and on the
internet www.blauer-engel.de, under Products
and Label Users: There you can find a list of all
labelled products.). 

Meanwhile, there is also machinery available for
the construction industry that has been awarded
the Blue Angel. Its use may result in a consider-
able reduction of annoyance by and exposure to
noise produced by construction sites in the vicini-
ty of residential and recreation areas. At the same
time, reduction of the levels of noise produced by
construction machinery is immediately contribut-
ing to health protection and occupational safety
of the staff working on building sites.

� Protection against road traffic noise

Based on the Federal Immission Control Act and
relevant EC directives, a number of legal provi-
sions have been issued for the protection against
environmental noise. They refer for example to
traffic, construction and operation of industrial
plants and the above-mentioned use of machines
and appliances. In Germany, a number of legal
provisions exist concerning the protection against
traffic noise.

For passenger cars, heavy goods vehicles and
buses, there are standard driving noise levels
under the Road Traffic Licencing Regulations
that must not be exceeded. Since the appropri-
ate tests are performed under defined condi-
tions rarely found in the reality of road traffic,
the driving noise emitted may be louder. This
may apply for example to racing starts and
high-speed driving, or driving on cobblestone
pavement. Speed limits or diversions for heavy
goods vehicles to avoid certain streets or even
districts will result in traffic calming and thus
reduce exposure to noise.

For new construction or essential changes of
roads or railways, standards for ambient noise

levels have been fixed in the Traffic Noise Ordi-
nance (Federal Immission Control Ordinance
No. 16). Under certain circumstances, the con-
struction of noise barriers will be required to
comply with noise standards. However, also in
the case of existing roads and railways, for
which there are no binding regulations, noise
abatement measures may be taken under certain
conditions.

Also airplanes must comply with defined noise
control requirements for their registration. Un-
der the Act on the Protection against Air Traffic
Noise, a noise protection area consisting of two
protection zones has to be established around
commercial airports operating scheduled flights
and military airports used by jet aircraft. For ex-

A ‘green wall’ for protection against road traffic noise.

Environmental label Blue Angel for low-noise shredders (RAL-UZ 54).
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ample, the construction of residential buildings
in protection zone 2 is only permitted if certain
structural noise control requirements are com-

plied with. An amendment to the Act on the
Protection against Air Traffic Noise is to
markedly improve protection against such
noise at night.

� Sustainable traffic policy 
to protect health

Measures to avoid unnecessary traffic and shift
transport of passengers and goods to eco friendly
means of transport are of primary importance
(see also Chapter 4.2, Always by car?).

In contrast to the locally restricted effects of
noise attenuation barriers and noise-insulated
windows, such measures will have beneficial ef-
fects for a wide area. Noise control measures in
residential buildings have to be regarded as a last
resort because this means that there will be no
more protective measures on the outside.

For more information on assistance regarding
noise-related problems, please consult
www.umweltbundesamt.de/laermprobleme.

Umweltbundesamt
Federal Environmental Agency
Abt. Verkehr, Lärm, Abt. Umwelthygiene,
Abt. Technik- und Produktbewertung
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14191 Berlin
e-Mail: bk@umweltbundesamt.de
Internet: www.umweltbundesamt.de

Traffic calming walking speed only.
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We all are set in motion by traffic. Some would, in a passive
way, have themselves moved by a car, public transport, train or
plane while others would move actively by walking or cycling.

To all of us, to be mobile means a high degree of freedom and
quality of life. Mobility has gained an ever increasing impor-
tance for commuting to and from work, in professional life and
during leisure time.

Trade and industry have a vital interest in passenger and goods
traffic to work as smoothly as possible.

According to all prognoses, a further considerable increase in
the volume of traffic has to be expected within the next years.
This is due to the economic development, European integration
and the eastward enlargement of the European Union. This means a great challenge for traffic policy
which will have to ensure that we are not choked by traffic. Such policy should be aimed at an intelli-
gent use and linking of all means of transport in order to avoid an unbalanced growth of traffic at the
expense of ecologically friendly means of transport.

The influence of cars on the quality of life and the environment is rated in different ways. For some peo-
ple, the car is tantamount to freedom and flexibility, others would regard it as the most prominent envi-
ronmental polluter. Therefore, some would demand more roads, others, more limitations of traffic.

One thing is for sure: Road traffic is an environmental factor having an important impact on the health
of children and adults.

4.1 How do you move forward?

4 ROAD TRAFFIC

Results of the Environmental Survey 1990/92 have
revealed that adults in Germany spend almost
one hour per day in road traffic. The major part
of this time (about 45 min) is spent inside cars. 

In contrast, children between six and twelve
years of age spend almost 1.5 hours in road traf-
fic. For an average period of half an hour a day,
they are out on bicycles or walking. They would
spend only an average of six minutes in cars.
Although these figures are not really up to date,
they may provide a rough idea of the situation.

� Bad air also inside the car

Every year in May, the Federal Environmental
Agency (UBA) would organise a conference on as-
pects of indoor hygiene, in cooperation with the
Verein für Wasser-, Boden- und Lufthygiene e.V.
(Association for Water, Soil and Air Hygiene), un-

der the German name of “WaBoLu-Innenraum-
tage” (WaBoLu is a German abbreviation mean-

t t b
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The right way: Children with helmet.
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ing water, soil and air). For the first time in 2002,
the air quality in means of public and private
transport was a subject considered in the context
of this event. Means of transport referred to air-
planes, buses and trains but above all to passen-
ger cars.

Pollutants occurring inside of motor vehicles in-
clude mainly volatile organic compounds, among
these fuel components such as alkanes, benzene
and toluene. Also suspended particulate matter
and components of exhaust gases, such as carbon
monoxide and nitrogen oxides (for health im-
pacts see Chapter 3.2, The air we breathe) can be
detected inside cars. Concentrations of these pol-
lutants inside the vehicle are often higher than
those in ambient air. 

VOCs, for example, may leak from fuel-supplying
parts and tubes and from lubricants. From spare
cans carried in the boot of a car, small quantities

of fuel will constantly evaporate and may accu-
mulate in the passenger compartment.

Car ventilation systems will provide for an ex-
change of the air inside the car for ambient air
at different rates, depending on the performance
of the fan. Air-exchange rates of 100 per hour are
not unusual. As a result, exhaust gases from vehi-
cles going ahead (carbon monoxide and VOCs)
and particulate matter will enter the passenger
compartment. Comparative studies performed in
the city of Berlin have revealed that car passen-
gers are often exposed to higher concentrations
of pollutants than for example underground
train passengers or even pedestrians.

Above all, strongly smelling substances will often
be emitted into the interior of new cars. As a
rule, this is due to the materials used. These in-
clude, in general, plastic materials (polymers) fit-
ted and used together with solvents, adhesives
and paints. Polymers may release semi-volatile
compounds, particularly plasticisers, which may
deposit in the passenger compartment. Ageing of
the materials of the car interior will result in a
gradual reduction of emissions.

Umweltbundesamt
(Federal Environmental Agency)
Abt. Umwelthygiene 
or Zentraler Antwortdienst
PF 33 00 22
14191 Berlin
E-Mail: bk@umweltbundesamt.de 
Internet: www.umweltbundesamt.de
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4.2 Always by car?

As compared to former times, today’s traffic sys-
tem has considerably enlarged our range of ac-
tion. It has become much easier to reach destina-
tions even in far away countries. 

In spite of a well-developed railway system, the
road has remained to be the most important
route for transport of passengers and goods in

Germany. In terms of passenger kilometres (Pkm,
the number of passengers transported multiplied
by kilometres covered), the traffic performance in
passenger transport has increased from almost
875 000 million Pkm in 1991 to almost 936 000
million Pkm in 2000. Transport by private cars
has the highest share in these figures, i.e. more
than 75 %. During the last ten years, proportions

Fasten seat belts – for your child and the seat!
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have shifted to a minor extent only in favour of
the use of railways and airplanes. The use of local
public transport has decreased slightly.

� Continuously rising numbers 
of registered vehicles

The number of registered motor vehicles has
been continuously increasing (see Table 2). In
1999, 42.3 million passenger cars, 2.6 million
heavy goods vehicles and 4.9 million motorcy-
cles, mopeds etc. were registered. Measured by
the traffic performance, the increase recorded
for the 1991–1999 period was ‘no more’ than
7.7 % for motorised private transport, but as
much as 50 % for motorised goods transport. 

It is therefore not surprising that the representa-
tive inquiry into environmental awareness in Ger-
many performed in 2002 (“Umweltbewusstsein in
Deutschland 2002”) revealed road traffic to range
first among the environmental problems in com-
munities as perceived by the population (see also
Chapters 3.2, The air we breathe and 3.3, Where
does the noise come from?).

Often, increasing traffic performance in passen-
ger transport has been considered as tantamount
to increasing mobility. However, it is important
for the individual whether destinations are with-
in easy reach. The examples of Amsterdam and
Zurich have demonstrated that this aim may also
be achieved with less car traffic if bicycle traffic
and public transport can provide appropriately
attractive conditions.

On German airports, about 1.84 million aircraft
movements were recorded in 1999, 1.75 million of

these on commercial airports. The number of air-
line passengers recorded was 110.2 million in 1999.
Also in air passenger traffic, an increasing tenden-
cy has been observed since 1991. The main reason
is that flying has become cheaper and cheaper and
therefore gained in popularity. As a consequence,
however, environment and health have become in-
creasingly exposed to exhaust gases and noise.

� Lack of physical exercise

According to the results of the Environmental Sur-
vey 1990/1992, adults would spend almost one
hour per day in private or public means of trans-
port. This means additional physical inactivity on
top of jobs that are mostly of a sedentary nature.

Lack of physical exercise in connection with an
unhealthy diet is known to pave the way for the
development of a number of civilisation diseases.
The resulting overweight will promote hyperten-
sion and its sequelae (see Chapter 6.1, Do we eat
the right foods?). Unfortunately, this is not only
true of adults but has increasingly been observed
in children as well. Being seated over long periods
may also result in problems of the locomotor sys-
tem, particularly such linked to the spinal column. 

Often, parents consider the way to school to be
too long or dangerous for their children. There-
fore, many children are taken to school by car.

� Fewer deaths in road traffic accidents

Road traffic has been an essential source of acci-
dents in Germany. In 2001, the police recorded
about 2 million road accidents that caused mate-

Sources: Federal Statistical Office, 1983, 2002; Statistisches Jahrbuch der DDR (Statistical Yearbook of the GDR) 1989

Table 2: Number of motor vehicles in  1990–2000 (in million, figures rounded)

Number of motor vehicles 1980 1985 1990 1995 2000

Total
FRG2

GDR3

29.2

4.6

32.1

5.3

36.7

no data1
48.5 52.3

Passenger cars
FRG2

GDR3

23.2

2.7

25.8

3.3

30.7

no data1
39.9 42.4

1 No data were available for the German Democratic Republic (GDR) 1990
2 FRG, Federal Republic of Germany; 3 GDR, German Democratic Republic



36

rial damage and 375 000 accidents in which peo-
ple were injured.

Although the number of recorded road accidents
has slightly increased as compared to 1991, the
number of deaths and persons who suffered in-
juries has decreased (Fig. 6).

Within towns or communities the main causes of
accidents involving injured persons are violations
of the right of way, insufficient distance, driving
at excessive speed and inappropriate behaviour
of pedestrians. Factors promoting the occurrence
of accidents include lack of driving experience
and driving under the influence of alcohol or
other drugs.

Road traffic accidents are the most frequent
cause of death particularly among young males
aged 18-29 years. Almost 50 % of pedestrians and
cyclists killed in accidents are senior citizens. In
2000, 240 children up to 15 years of age became
victims of road accidents. This is the lowest figure
since 1953 (start of recording). Most accidents in-
volving personal injuries (64 %) occur within
communities. Two thirds of the victims lost their
lives on country roads and 12 % on motorways. 

� National bicycle traffic plan

Increasing motor traffic has resulted in alter-
native types of locomotion such as walking or
cycling to be considered as unattractive or
too dangerous.

A cross by the road to commemorate someone killed in a traffic accident.
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Especially in urban
agglomerations
where distances cov-
ered by 50 % of all
car travel are shorter
than 5 km, the bicy-
cle provides a num-
ber of clear advan-
tages. It does not
cause any noise nor
emissions and in ad-
dition, it keeps the cy-
clist fit. There is no
need to search for car
parking space and of-

ten, the destination can be reached in less time
than by car. Although after hiking and swim-
ming, cycling is the third-most popular leisure
time activity of Germans, the number of kilome-
tres covered by car during leisure time is twice as
high as that for job-related reasons.

In the context of the national bicycle traffic plan
of the Federal Government (the plan’s title
“FahrRad!” includes both the German term for bi-
cycle and an invitation to use it), a number of
measures have been initiated to increase the at-
tractiveness of this means of transport. 

At present, a model project on cities friendly to
pedestrians and cyclists (fußgänger- und fahrrad-
freundliche Städte) is supported by the UBA. It has
been the aim of the project to demonstrate that
improvements in urban infrastructure, public rela-
tions activities and integration of a corresponding
policy will create conditions that encourage peo-
ple to walk more often or use the bike. In these ef-
forts, cooperation with schools has been an impor-
tant starting point in order to improve the safety
on routes to schools and to leisure time activities.

� Streets become safer

Two programmes have been developed by the
Federal Government to improve safety in road
traffic (“Besser sicher – Sicher besser: 10 Punkte
für mehr Sicherheit im Straßenverkehr” and
“Programm für mehr Sicherheit im Straßen-
verkehr”) in 1999 and 2001, respectively. These
programmes are designed to ensure mobility
under conditions of environmental protection
and social equity. Human lives shall be better
protected in road traffic and the economic da-
mage caused by accidents (see Box 15) should
be minimised.

Countryside trip by bicycle.
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Box 15

Priorities of traffic safety policy

� Improvement of the social behaviour in
road traffic (e.g. reduction of aggressive-
ness)

� Protection of vulnerable persons

� Reduction of accident risks for young drivers

� Reduction of risks from heavy goods
vehicles

� Improvement of safety on country roads

Federal Ministry of Transport, Building and
Housing: Report on the prevention of accidents in
road traffic, 2000/2001



5 LEISURE TIME AND RECREATION

Leisure time is the counterpart to working time. More than ever, it has become important today that
leisure time is used for the purposes of self-creative activity, in addition to recreation and restoration of
working fitness. The main objective of these activities consists in finding a compensation for unbalanced
and uniform strain at work or school. One hundred years ago, people had to work for about 16 hours a
day. In today’s modern industrial society, the relation between working and leisure time has shifted in
favour of the latter. In the late 1990s, the average working time of an adult in Germany was about 1 600
hours per year, against a leisure time of almost 2 500 hours, accounting for 18 and 28 %, respectively, of
the total number of hours of a year (8 760).

Individual needs with regard to leisure time and recreation activities may vary considerably. Irrespective
of age groups, they may be roughly divided into ‘passive consumption’ and ‘active organisation’. There
is a great variety of leisure time activities. In the following, our attention has been focussed mainly on
visits to discos and bathing at natural beaches or river banks.

5.1 Music – the louder the better?
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The love of music is independent of age. Gener-
ally, people would listen to it for relaxation and
entertainment.

Among young people, listening to loud music
has become quite popular since the beginning
of the age of beat, pop and rock music when
powerful amplifiers became generally available.
They attend discos and big music events or lis-
ten to recorded music through headphones
from HiFi sound systems or portable players
(Walkman®, Discman®).

In occupational medicine, preventive exami-
nations have revealed an increasing share of

adolescents with distinct hearing impairment.
This has probably to be attributed to leisure
time noise. 

For this reason, the Federal Environmental
Agency (UBA) not only deals with environmental
noise (see Chapter 3.3, Where does the noise
come from?) but also with leisure time noise and
has commissioned or carried out a number of
studies on this issue.

� Music styles preferred 
by young people

Inquiries among adolescents in German-speak-
ing countries have revealed that on an average,
young people start to visit discos at the age of
14–16 years. From 20 years of age, interest in
the disco will wane. About 10 % of young peo-
ple visit discos or other music events once or
twice a week, approx. 5 % of those aged above
15, at least twice a week. On an average, they
stay at discos for about three to four hours.
10–15 % of those interviewed, however, stayed
even for six or more hours.

According to an inquiry among approx. 450
Berlin pupils in 1998, their preferred music
genres were Hip Hop, Drum ’n’ Bass and
Trip Hop. It should also be taken into account
that preferences for certain types of music are
also influenced by fashion and trends in youth
culture. 
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25 % of the pupils loved extremely loud and very
loud music. 30 % stated that communication at
discos was possible by yelling only, if at all.

Headphones were used by 35 % of the adolescents
aged 16–17 and 60 % of the adolescents aged 18–
19 years according to the study. About one third
of these pupils preferred extremely loud and very
loud music. Somewhat more than 5 % of them
would listen to music through headphones for at
least four hours daily. Almost two thirds of those
preferring extremely loud and very loud discos
would also adjust their headphones to high sound
levels when listening to music through these. 

� It is too loud in here

Measurements of sound levels in discos, at
rock concerts and in headphones revealed
equivalent sound-pressure levels between 90
and 110 dB(A). On dance floors of discos, the
levels measured were often around or even
above 100 dB(A). Mostly, the volume would
increase by 2 dB(A) per hour in the course of
the night. At rock concerts and also in discos,
considerably higher sound levels may be
reached near loudspeakers.

� Noise may cause deafness

The human ear has its highest sensitivity at a fre-
quency of 4 000 hertz (Hz). Audible frequencies
range from approx. 16 (very low tones) to 20 000
Hz (very high tones). With increasing age, the
upper hearing threshold decreases so that high-
pitched sounds such as the chirping of crickets
can no longer be heard. 

Damage to the ear can be largely excluded at
sound levels below 75 dB(A). Continuous sound
levels above 80 dB(A) may result in a temporary
shift of the hearing threshold within a few hours.
The threshold of pain corresponds to approx.
130 dB(A).
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Figure 7
Source: Federal Environmental Agency, Sound-pressure levels in discos and at music events, 2000)

Box 16

Noise-induced hearing impairment

It is defined as a noise-related reduction of the
hearing capacity by more than 40 dB(A) at a
frequency of 3 000 Hz.

G 20 Noise, Principles stipulated by the profession-
al insurance bodies (German term: Berufsgenossen-
schaft) for preventive medical examinations) 1998
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Bangs and explosions as well as continuous noise
may result in temporary shifts of the hearing
threshold or even permanent hearing loss. The
development of hearing loss is decisively influ-
enced by sound-pressure level, sound level rise
time, duration of noise exposure and individual
sensitivity of the inner ear. Often, excessive expo-
sure to noise of the inner ear will result in tinni-
tus. Tinnitus experienced after excessive exposure
to noise should be considered as a serious warn-
ing signal. 

Not only continuous noise but also single noise
events involving a high sound intensity (such as
fireworks, toy pistols) may immediately result in
permanent hearing impairment. Noise-induced
inner ear damage will be irreversible. 

Noise-induced hearing impairment will mainly
affect the frequency range around 4 000 Hz. Al-
though hearing aids may help people affected,
they will constitute a considerable impairment
in their quality of life. Also, the hearing dynam-
ics will be restricted. Hearing of weak sounds
will be impossible or poor, and strong sounds
will cause discomfort (a phenomenon referred to
as ‘recruitment’).

� Legal regulations? 

For the protection against occupational noise-
induced hearing impairment, wearing of ear pro-
tectors is required by a new EC Directive (2003/
10/EC) for exposure action values of 85 dB(A) and

above. Recovery of the ear during leisure time
will be adversely affected by visits to discos, lis-
tening to loud music and other noisy leisure time
activities. Such combination of exposure to both
occupational and leisure time noise will increase
the risk of hearing impairment. 

There are no adequate regulations for leisure
time noise in Germany. In contrast, Switzerland
has introduced a limit value for discos and big
music events. It has been fixed at an equivalent
sound-pressure level of 93 dB(A). In exceptional
cases only, 100 dB(A) are permitted. France, for
example, has issued a sound level standard for
portable music players.

Studies of visits to discos by adolescents have re-
vealed that about 10 % of these young people
have to be considered as a risk group for the de-
velopment of measurable hearing impairment. 

If noise from headphones were included in such
calculations, the share of persons at risk would
probably be even higher.

� Education of the public

Adherence to music sound levels that are tolera-
ble for the human ear can only be achieved by
cooperation of all groups involved.

Appropriate health education is required both
for disc jockeys and sound system technicians on
the one hand and consumers of music, on the
other. Such education could be performed for ex-
ample in the context of school lessons in physics
or biology. Appropriate teaching material has al-
ready been developed by the Federal Centre for
Health Education (Bundeszentrale für gesund-
heitliche Aufklärung). The most recent recom-
mendations for a reduction of music sound levels
were published in 2000 by the former Commis-
sion “Soziakusis” (societal hearing damage) of
the UBA.

For reasons of health protection, a reduction of
sound levels in discos, at concert events and in
other situations involving sound exposure has to
be demanded.

A number of inquiries conducted among adoles-
cents and young adults have revealed that most
people feel sound levels to be too high in such
places anyway and would therefore welcome
noise reduction measures. The lower level of ac-
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ceptable sound levels seems to be slightly above
90 dB(A). Under such circumstances, a reduction
of noise levels to ear-friendly values below 100
dB(A) should be acceptable also for managers of
discos and organisers of music events.

Umweltbundesamt
(Federal Environmental Agency)
Abt. Umwelthygiene
or Zentraler Antwortdienst 
PF 33 00 22
14191 Berlin
E-Mail: bk@umweltbundesamt.de 
Internet: www.umweltbundesamt.de

CONTACT ADDRESSES

5.2 Everyday on the sunny side?

Without the sun, life on earth would be impos-
sible. The optical radiation emitted by the sun,
particularly its infrared (long-wave) fraction (ap-
prox. 42 %) heats the soil, the sea and the at-
mosphere and thus controls weather and cli-
mate. Visible radiation (‘light’, approx. 52 %) is
the main supplier of the energy needed for
plant growth. 

The sun also emits ultraviolet (UV) radiation (ap-
prox. 5 %). UV radiation comprises three wave-
length ranges. Two of these reach the earth’s sur-
face (see Box 17). 

Although we can neither see nor feel this radia-
tion, it produces the strongest biological effects
of the entire optical radiation. The UV-B fraction
is the most effective part. Low UV irradiation is

required for the formation of vitamin D in the
human skin. Vitamin D plays an important role
in the metabolism in our bones (ossification).
Likewise, UV irradiation is used in medicine to
treat diseases of the skin such as psoriasis.

� Too much sun is harmful

Apart from these favourable effects, however,
health risks from such radiation are predomi-
nant. It is seen with concern that during the
last decades, public opinion has considered a
tanned skin as ‘beautiful’ and ‘healthy’. This has
led to an excessive outdoor UV exposure and al-
so to an additional artificial exposure from us-
ing solaria during leisure time and when people
are on holiday.

Lakeside sunset.

Box 17

The spectrum of UV radiation emitted by the sun is
subdivided into three wavelength ranges

UV-A (320–400 nm)
almost completely reaches the earth’s surface

UV-B (280–320 nm)
is absorbed by atmospheric ozone to almost 90 %

UV-C (100–280 nm) 
is completely absorbed in the atmosphere by
oxygen and ozone.

1 nanometre (nm) corresponds to the
1000 millionth part (10–9) of a metre
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Above all, solar irradiation produces damage to
skin and eyes. Acute effects are sunburn (erythe-
ma, inflammatory redness of skin), keratitis and
conjunctivitis. Chronic effects are premature age-
ing of skin, skin cancer and opacification of the
lens of the eye (cataract). 

Regarding squamous cell and basal cell carcino-
mas which are mostly found at skin sites having
suffered chronic damage from exposure to light,
there is an obvious dependency on the UV irra-
diation dose. Melanoma, which often develops
at sites covered by clothes, is more frequently
observed in persons having often suffered sun-
burn in their childhood. In Germany, among
100 000 persons (males and females), approx.
40 per year fall ill from squamous cell carcino-
ma, approx. 150, from basal cell carcinoma and
approx. 8–10, from melanoma. Numbers of cas-
es show a rising tendency.

� UV monitoring in Germany

High UV exposure may not only result in more cas-
es of certain diseases in humans but also have
damaging effects on growth and development of
plants and animals. For this reason, UV radiation
has become an important environmental parame-
ter which has to be continuously monitored. Nowa-
days, UV measurements are performed worldwide. 

These monitoring activities are meant to watch
the relationship between reduced ozone levels in
the stratosphere (‘ozone hole’) and the increase in
ambient UV radiation linked to this phenomenon.

In Germany, UV monitoring began in 1993, at
four measuring sites operated jointly by the Fed-
eral Office for Radiation Protection (BfS) and Fed-
eral Environmental Agency (UBA). Meanwhile,
the network has been extended and now com-
prises another official station run by the German
Federal Meteorological Service (Deutscher Wet-
terdienst) and five stations run by associated in-
stitutions, i.e. the Federal Institute for Occupa-
tional Safety and Health (Bundesanstalt für Ar-
beitsschutz und Arbeitsmedizin), Kiel University,
Bavarian Environmental Protection Agency (Lan-
desamt für Umweltschutz Bayern) and the Lower
Saxony State Agency for Ecology (Niedersächsi-
sches Landesamt für Ökologie) (see Fig. 8).

Up to now, the UV measurements performed
have not shown any significant increase of ambi-
ent UV-B radiation. This is due primarily to the
quite variable weather conditions at our geo-
graphical latitude and also to the short period of
monitoring which does not yet permit statements
on trends. 

� Which is the role of ozone?

In the last 30 years, a 10 % reduction of the total
tropospheric and stratospheric ozone level has
been observed by the German Federal Meteoro-
logical Service. Due to this reduction, UV-radia-
tion is less absorbed, i.e. a larger share can hit
the earth´s surface. This may suggest an increase
in UV-B radiation at ground level. ‘Ozone killers’
such as hydrochlorofluorocarbons (HCFCs), hav-
ing been used for a long time in pressurised
sprays and refrigerators are among the agents re-
sponsible for the reduction in atmospheric
ozone. In Germany, production of HCFCs was dis-
continued in 1994. International agreements
have led to a world-wide reduction of production

Source: www.suvmonet. de

German solar UV measuring network:
Measuring sites operated in April 2004

Figure 8
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and use of HCFCs. Since HCFCs and related prod-
ucts are not readily degradable and persist in the
atmosphere for more than 100 years, they may
pose problems even for future generations.

During the last three decades, there has been a
massive reduction in the levels of air pollutants
in Germany, in particular that of dust. This also
means that it has become easier for UV radiation
to penetrate the atmosphere.

� Education of the public

For a number of years already, both the BfS and
the Commission on Radiological Protection
(Strahlenschutzkommission, an independent advi-
sory committee of the Federal Ministry for the
Environment) have noted with concern a steep
increase in the number of cases of skin cancer.

This increase has been attributed mainly to a
higher UV exposure resulting from changed
habits of sun-bathing and leisure activity. 

For more than 10 years, both the BfS and the
Commission on Radiological Protection have been
informing the public on the risks of solar UV radi-
ation by leaflets and recommendations. In 1998
for example, the Commission on Radiological Pro-
tection revised their recommendations on the
protection of humans against solar UV radiation.
In these recommendations, risks and causes of
skin cancer are explained. Furthermore they give
recommendations about habituation of the skin
to solar irradiation, protection against solar radia-
tion and the maximum number of sun baths per
year. Sunburn should be avoided at any time. This
applies especially to children and adolescents.

� UV index published on the internet

For a number of years already, the BfS has pub-
lished an UV index to inform the public about
the current UV exposure in Germany. The UV in-
dex is a variable expressing the highest sunburn-

Box 18

Sensitivity of human skin to UV radiation varies from one
individual to the other

Skin type I

Fair skin, freckles,
reddish hair, blue
eyes

Always sunburns,
hardly any tanning
even after repeated
solar exposure

Skin type II

Blond hair, grey, blue
or green eyes

Nearly always sun-
burns, moderate
tanning after
repeated irradiation

Skin type III

Light brown hair,
grey or brown eyes

Moderately frequent
sunburns, progressive
tanning after repeat-
ed sun exposure

Skin type IV

Dark hair, brown eyes
Rarely sunburns,
rapid onset of
tanning

Source: Federal Office for Radiation Protection, 2003
www.bfs.de

Figure 9

UV index prognosis issued 22 August 2003
for the following 3 days in the northern,
middle and southern part of Germany
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producing radiation level of the respective day.
By raising awareness among the public concern-
ing the risks of excessive UV exposure, it serves
the purposes of preventive health care and avoid-
ance of disease.

Commonly, the UV index value for the summer
period in Germany will reach a maximum of 8. In
southern countries, higher values are observed.

This index is not applicable to artificial UV radia-
tion. In the summer months, prognostic UV ex-
posure values for the next three days in north-
ern, central and southern Germany are published
by the BfS (www.bfs.de). In addition, current val-
ues observed at the ten measuring sites are
shown daily.

Individual protective measures are recommended
if the UV index is higher than 5 (see Table 3).

Sun blockers should only be used where it is im-
possible to seek shadow or to wear suitable

clothing. They are offered with sun protection
factors (SPF) differing in intensity and may effec-
tively prevent sunburn if properly applied. The
SPF corresponds to the factor by which the peri-
od of irradiation until the onset of sunburn is
prolonged when the respective product is ap-
plied. If possible, the SPF should be the double
of the UV index. However, the extent of protec-
tion against skin cancer provided by sun block-
ers is still unclear.

� A note on solaria

The biological effects of UV irradiation depend
on the spectrum involved, irrespective of its natu-
ral or artificial origin. The damaging influence of
solar UV irradiation will increase in the case of
additional UV exposure by artificial UV sources
like those used in solaria. For preventive reasons
and in accordance with international recommen-
dations, the Commission on Radiological Protec-
tion does not recommend a use of solaria for pur-

Sensitivity to UV radiation varies by skin type. From left to right: Skin types I, II, III and IV (see also Box 18). Fair-skinned pale persons with reddish hair
need more protection to avoid sunburn than dark ones.

Source: Federal Office of Radiation Protection

Table 3: Skin type II – Protective measures

UV index Exposure Burns possible Protective measures

8 and above Very high Within less than 20 minutes Absolutely necessary

5–7 High From 20 minutes Necessary

2–4 Moderate From 30 minutes Recommended

0–1 Low Unlikely Not necessary
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poses other than medical ones. If nevertheless
people wish to visit solaria, the BfS recommends
the use of certified establishments only. Only in
certified solaria, the user is given a minimum
standard of protection against excessive UV expo-
sure. This helps to reduce the personal health
risk of the user.

The essential criteria for certification consist in
defined standards for equipment limiting UV ra-
diation as well as uniform operating procedures
regarding hygiene and occupational safety. Also,
the professional qualification of the staff and the
extent of information for and advice to cus-
tomers are regulated.

Bundesamt für Strahlenschutz
(Federal Office for Radiation Protection) 
Postfach 10 01 49 
38201 Salzgitter
Internet: www.bfs.de

Strahlenschutzkommission
(Commission on Radiological Protection)
Geschäftsstelle beim Bundesamt für
Strahlenschutz
Postfach 12 06 29
53048 Bonn
Internet: www.ssk.de

CONTACT ADDRESSES

Umweltbundesamt
(Federal Environmental Agency)
Abt. Luft
or Zentraler Antwortdienst
PF 33 00 22
14191 Berlin
E-Mail: bk@umweltbundesamt.de 
Internet: www.umweltbundesamt.de

5.3 Undisturbed pleasure on the beach

In the summer months, bathing at local beaches
on the banks of rivers, lakes and the seaside, is
most popular. 

The physical activity involved promotes health in
general and helps to control civilisation diseases
such as cardiovascular diseases and such originat-
ing from a sedentary lifestyle.

� Can bathing lead to disease?

Bathing may involve health risks. The spectrum
of possible accidents ranges from cuts and abra-
sions to drowning. Where beaches are watched,
accidents by drowning are exceptions.

There may be illnesses involving fever, diarrhoea
and vomiting where specific agents of disease are
introduced into open waters by effluents from
sewage works and mixed sewerage systems. Ex-
creta of bathers may contain pathogens which

may involve a risk of disease above all where
water bodies are stagnant. 

Children at an unattended beach.
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Another problem related to sewage discharge
is caused by the introduction of nutrients, in
particular of phosphorus and nitrogen com-
pounds resulting in a mass growth of algae
(eutrophication). 

In particular, blue-green algae produce algal tox-
ins and allergens. These algal products may
cause acute disturbances of health such as con-
junctivitis or skin rash and also have chronic ef-
fects (liver damage). In addition, water will be-
come turbid which does not constitute just an
aesthetic problem but may be an obstacle when
trying to save the life of a drowning person.

� Evaluation of health risks

In accordance with Council Directive 76/160/EEC
concerning the quality of bathing water dated 8
December 1975, the evaluation of health risks is
based on so-called indicator organisms such as
Escherichia coli (E. coli) and coliform bacteria.
The bacterium, E. coli, is an indicator of faecal
contamination. This bacterium which as a rule is
harmless has its habitat in the human and ani-
mal intestine. It is transported by way of sewage
into receiving waters. Directive 76/160/EEC stipu-
lates that bathing water must not contain more
than 2 000 E. coli in 100 mL water. The term ‘co-
liforms’ is used for bacteria which are capable of
living also outside the intestine. In bathing wa-
ters, they may be present in concentrations up to
10 000 bacteria in 100 mL. Apart from these stan-
dards whose levels constitute imperative limits,
the EC Directive on bathing water stipulates low-
er and thus more stringent values which should

be aimed at. The latter (100 E. coli/100 mL and
500 coliforms/100 mL) are referred to as guide
values.

� Monitoring of beaches

Improved sewage treatment by communities and
industry in Germany and in neighbouring coun-
tries has led to a considerable improvement of
the biological quality of waters, in particular in
the catchment areas of Germany’s great rivers.
This does not mean, however, that such water
bodies are suitable for bathing from the view-
point of hygiene. To keep the risk of infection as
low as possible, official beaches in Germany are
monitored by the federal Länder authorities. The
pertinent Länder regulations are based on the
Council Directive mentioned above. To avoid or
reduce health problems from bathing water at
natural bathing beaches, there should be the
lowest possible amount of pathogens. The fixed
concentration of defined indicator organisms
should not be exceeded and the water should
have a minimum visibility of 1 m. 

Water samples will be examined 14 days before
the beginning of the bathing season and exami-
nations will be repeated fortnightly during the
season. After the bathing season, the results are
communicated to the Federal Environmental
Agency (UBA) and the Federal Ministry for the
Environment for reporting to the European Com-
mission. The European Commission will classify
all European bathing beaches by their quality.

In May of each year, the Annual Report on
Bathing Water Quality is published, which con-
tains the results for the bathing season of the
preceding year. A more detailed version of this
report is available from the homepage of the
European Union (europa.eu.int/water/water-
bathing/index_en.html).

� Constant improvement of the 
quality of waters

The Report on the 2002 bathing season pub-
lished in May 2003 confirms that there has been
a constant improvement of the quality of bathing
water in Germany.

Remediation measures were initiated after local
authorities had established the causes for repeated
failures to comply with the Directive. Hygienic
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monitoring of officially designated beaches at in-
land (1 587 measuring sites) and coastal (403 meas-
uring sites) waters revealed that in 2002, bathing
was banned at less than 2 % of the measuring sites.
The Infection Protection Act (Infektionsschutzge-
setz) (§ 40) stipulates that the UBA should develop
concepts for prophylaxis, recognition and preven-
tion of the spreading of water-borne diseases. Assis-
tance is provided by an advisory committee on
bathing water whose members include appointed
representatives of Länder authorities and scientific
institutions.

� More stringent standards 
are in preparation

When the standards of the 1976 Bathing Water
Directive were fixed, it was assumed that adher-
ence to these would not involve any essential
health risks in particular because in those coun-
tries where similar standards were valid at that
time, no conspicuous clusters of illnesses linked
to bathing had been observed. Epidemiological
studies on the risk of infection for bathers indi-
cate, however, that the currently valid limits may
be too high.

Thus, an increased number of illnesses was found
to have occurred also after bathing in waters
complying with EU standards. Illnesses consisted
in mild diarrhoea persisting for some days which
did not require treatment and ended with recov-
ery. Severe courses of disease were not observed.
A revised EC Directive is under preparation. For
the respective draft, see the report on bathing
water quality mentioned above.
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Figure 10
Source: European Commission: Bathing Water Quality (Bathing seasons 2000, 2002)
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For many adults it is unthinkable do live without
their mobile phone. They want to be within
reach at any time and anywhere, in the street, on
the train, even in the theatre or cinema. For
children and teens, this modern technical
achievement has become part of their basic
outfit. There is increasing concern that mobile
phones and particularly transmitters of mobile
telephone systems would pose a health risk.

Are such worries justified?

� A radiation source near the head

To enable mobile telecommunication over the en-
tire territory of a country, radio transmitters (base
stations) are set up for mobile telephone networks.
Mobile telephone communication is achieved by
electromagnetic fields. For this purpose, a mobile
phone set is equipped with an antenna receiving
and emitting high-frequency fields.

When you use a mobile telephone (see photo-
graph), the source of radiation is close to your
head. Therefore, the radiation to which your
body is exposed by the telephone itself will gen-
erally be much more intensive than radiation
from radio transmitters of mobile telephone sys-
tems in the neighbourhood. This is due to the
fact that the intensity of the electromagnetic
field (flux density) will drop approximately by the
square of the distance, i.e. it will drop to 25 %
when the distance doubles.

High-frequency fields are absorbed by parts of
the human body. As a result, the temperature of
body tissues increases. Health effects can occur
when the temperature increase of the human
body or certain tissues exceeds 1o C (thermal ef-
fect). For mobile telephones, thermal effects of
such magnitude can be ruled out.

At present, we are facing a controversial public
discussion about non-thermal effects of electro-
magnetic fields. For example, effects on sleep
and response time were observed at intensities
which occur during the operation of mobile
telephones. It is, however, not possible at pres-
ent to conclude if a health risk is associated with
these effects.

The situation is different for cordless telephones
for house and garden use which work at dis-
tances of up to 300 metres. They transmit voice
signals from the normal telephone network to
the receiver by radio. The power of the transmis-
sion output is low and the radiation level is clear-
ly below internationally recommended limits.

� Limit values for mobile phones

To protect human health, basic standard values
of the ‘specific absorption rate’ (SAR) have been
agreed at international level (see Box 19). 

5.4 What about the mobile phone?

Using the mobile phone involves radiation of higher intensity.

Using the cordless phone does not involve intensive radiation.
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The SAR level expresses the high-frequency
electric energy absorbed by the human body
and the head, respectively. Suitable methods
of measurement to prove compliance with the
limit values have been laid down in internation-
al standards.

� Who checks on transmitters?

The operators of radio towers and transmitter
masts are responsible for operation in accor-
dance with standards. For each site, a corre-
sponding certificate on its environmental safety
(“Standortbescheinigung”) is required. It is is-
sued by the Regulatory Authority for Telecom-
munications and Post. Transmitters having an
energy output of ten watts and more may be op-
erated in Germany only if the valid standards
are complied with. For this purpose, the Regula-
tory Authority will define individual safety dis-
tances for each site. Beyond this safety distance,
possible health effects on humans (including
pregnant women, children and sick persons) are
not to be expected.

� Public participation

The Federal Office for Radiation Protection (BfS)
regards it as necessary to inform the public about
the setting up of base stations as well as about
the technical characteristics of mobile tele-
phones. The agreement between associations of
communities and operators of mobile telephone
networks (see Box 20) is considered a step for-
ward in that direction.

� Possible interference with 
electronic devices

Already at radiation levels which are clearly be-
low the threshold for possible health effects, mo-
bile telephones may interfere with sensitive elec-
tronic devices. 

� For example, cardiac pacemakers may be inter-
fered with. For this reason, mobile telephones
should not be carried close to the upper part of
the body, near the implanted device.

� Persons wearing electronic hearing aids may
perceive a ‘humming’ sound which can be
avoided either by a larger distance to the
source of the radio signal or by temporarily
switching off the hearing aid.

� Bans on mobile telephones in hospitals should
be observed. Medical technology, in particular
electronic equipment used at intensive care
units or in operating rooms may be affected.
Such interference could result in life-threaten-
ing situations for patients.

� To avoid any influence on the electronic
equipment of airplanes, mobile phones must
be completely switched off during flights.

Use of mobile phones without a hands-free at-
tachment when driving a car has been banned
in Germany.

� Risk reduction

Some scientific publications have pointed to pos-
sible biological effects at levels below the current-
ly used standards. It is unknown whether such ef-
fects may have any influence on human health.

According to what is known so far, it can be as-
sumed that any possible health risk would be
low. If it exists, however, such risk would affect a
great number of persons because the new radio
technologies are used everywhere. 

For this reason, the BfS supports all measures to
reduce exposure and makes recommendations
addressing especially children and adolescents.

Box 19

The standard SAR limit for mobile telephones
is 2 watts per kilogramme for the human head
(average as determined for 10 grammes of
body tissue).

Box 20

Agreement on exchange of information and participation
of communities in the expansion of mobile telephone
networks

� Objective: Conflicts arising from the instal-
lation of new base stations shall be avoided
and concerted arrangements reached.

� Commitment by operators: Communities
will receive comprehensive information on
envisaged projects and sites; alternative
sites will be accepted where appropriate.
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� Use your mobile phone only when a normal
(stationary) phone is not available.

� Keep mobile phone conversations short,
switch off mobile phones not needed at
the moment.

� Keep distant from mobile phones. Where
head sets are used for mobile telephone con-
versation, field effects will be clearly reduced
because of a larger distance between head
and antenna.

� Avoid conversations under bad receiving con-
ditions because the mobile phone will auto-
matically transmit signals with a higher pow-
er output.

� Pay attention to SAR levels stated for mobile
phones. The SAR levels should be as far as
possible below the limit of 2 watts per
kilogramme.

In 2002, the Environmental Label Jury has pre-
sented criteria for low-radiation mobile phones.
According to these, a mobile phone can be
awarded the Blue Angel label if its SAR level does
not exceed 0.6 watts per kilogramme. However,
manufacturers are still quite hesitant to apply for
this label (April 2004).

Consumers may, however, obtain information
from the BfS about the SAR levels emitted by the
mobile telephone types which are available on
the German market. The results of regularly con-
ducted inquiries are also published on the inter-
net (www.bfs.de/elektro/hff/oekolabel.html).Better send an SMS message!

Bundesamt für Strahlenschutz
(Federal Office for Radiation Protection)
Postfach 10 01 49 
38201 Salzgitter
Internet: www.bfs.de

CONTACT ADDRESS
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Nutrition is an essential factor for health, well-being and a satisfactory life. Normally, we eat
and drink every day. We cannot live without foods and beverages. Meals are also of socio-cultur--
al importance. 

However, it is the main purpose of food intake to ensure that the human body is supplied with energy
and essential nutrient components. For this reason, a food intake that is in accordance with the body’s
needs is part of a healthy lifestyle. 

Nevertheless, by eating foods we may take in pathogens and environmental pollutants. There are legal
provisions to prevent this as far as possible.

6.1 Do we eat the right foods?

6 FOOD AND NUTRITION

� Food – meeting the requirements

An adequate nutrition should provide a good bal-
ance of fats, carbohydrates and proteins
(macronutrients, suppliers of energy), vitamins
and minerals as well as sufficient amounts of di-
etary fibre and fluids.

An optimal nutrient balance is essential, especial-
ly for children and adolescents because they are
still growing. Thus, Commission Directive
96/5/EC (1996) on supplementary food defines
reference values for the content of proteins, fat,
carbohydrates, vitamins and minerals in infant
food products. 

Low-fat dairy products should be preferred.

Table 4: Mean daily intake of selected foods
(in grammes)

Foods Women Men

Cereals, bread, pasta 208 279

Sweets 40 49

Potatoes 105 139

Vegetables 247 244

Fruit 209 181

Dairy products 280 331

Eggs 20 25

Meat, sausage, poultry 125 199

Fish 17 21

Animal and vegetal fat 25 32

Beer, wine 76 347

Coffee, tea 501 554

Juices 148 163

Soft drinks 296 343

Drinking water 686 634

Source: Robert Koch Institute, German Nutrition Survey 1998
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� We eat too much fat…

The types and amounts of food consumed by Ger-
man adults have been comprehensively assessed
in the German Nutrition Survey conducted by the
Robert Koch Institute as part of the 1998 German
National Health Interview and Examination Sur-

vey. The Nutrition Survey included approx. 4 000
adults aged 18–80 years. Some results are shown
in Table 4. 

Whereas overall daily energy intake approxi-
mately meets the average requirements, the pro-
portions of macronutrients may still be improved
(see Fig. 11).

On average, fat accounts for approx. 33 % of
caloric intake. This level is considerably lower
than approx. ten years ago (40 %), but still does
not comply with the recommendation to con-
sume less than 30 % of caloric intake in the form
of fats given by the German Nutrition Society
(Deutsche Gesellschaft für Ernährung; see Box 21).

� …and also too much protein

Energy intake from proteins is about 15–16 %
which is still relatively high. In contrast to this,
carbohydrate intake is relatively low. This refers
in particular to polysaccharides and complex car-
bohydrates which are contained in vegetable
products rich in fibre – such as vegetables and
whole-grain bread. High consumption of mono-
saccharides like those contained in sweets should
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Figure 11
Source: Robert Koch Institute, German Nutrition Survey 1998

Cereal products contain also dietary fibre.
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be avoided. Despite the relatively high share of
bread, fruit and vegetables in their diet, most
Germans do not eat enough fibre.

A considerable number of young women and eld-
erly people have a low overall energy intake.
Many elderly people also do not drink enough.

Generally, the supply with minerals, trace ele-
ments and most vitamins (in particular vitamin A
and C), appears to be sufficient. As an exception,
intake of vitamins D and E, folic acid, and in
women, vitamins B1 and B2, calcium and iron do
not always reach the levels recommended by the
German Nutrition Society.

Vitamins and mineral supplements are taken by
one fifth each of women and men at least once
per week. 

� Eat more fruit and vegetables

A healthy diet is characterised by a high share of
fruit and vegetables. Still, many young people do
not pay much attention to this. As one of the pro-
moters of the international campaign ‘5 A Day’,
the German Nutrition Society recommends five
servings of fresh fruit or vegetables a day or a to-
tal amount of 650 grammes (including potatoes).
At present, 30 to 40 % of Germans comply with
this recommendation, however only if fruit and
vegetable juices are included in the calculation.

� Germans weigh too much

The consumption of considerable amounts of
fat, protein and alcoholic beverages in combina-
tion with insufficient physical exercise may have

led to the high prevalence of obesity in Ger-
many, which on its turn may cause several
chronic diseases.

Data on body weight and height which were
collected in the German National Health Inter-
view and Examination Survey 1998 show that a
considerable proportion of middle-aged and

Box 21

Recommended proportions of energy intake by
macronutrients for people with light to moderate
physical activity

Fat less than 30 %

Carbohydrate more than 60 %

Protein 8–10 %

German Nutrition Society, 2000

Vegetables are rich in vitamins, minerals and fibre.
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Source: Federal Ministry of Consumer Protection, Food and Agriculture;
www.verbraucherministerium.de

Draw a horizontal line through your height and a
vertical one through your weight. At the intersec-
tion of both lines you will find the evaluation of
your body weight, based on the body mass index
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elderly Germans is overweight. More than 50 %
of women and almost 70 % of men have a body
mass index (BMI, see Fig. 12) of at least 25 and
hence have to be considered as overweight.
Approx. 20 % of men and women have a BMI of
at least 30, which means they are obese (mas-
sively overweight).

� An unbalanced diet causes disease

What we eat has an essential influence on
our health. Our diet may prevent disease or
modify its course. 

Dental caries, hypertension, type II diabetes, obe-
sity, coronary heart disease and cancer are exam-
ples of nutrition-related disorders. The individual
food components are also important for the func-
tioning of the immune system. For this reason,
food intake may influence the course of many
communicable as well as non-communicable dis-
eases. In recent years, it has become increasingly
clear that genetic disposition and nutrition are
co-factors in disease development. This applies,

for instance, to neural tube defects in children
whose mothers have suffered from folic acid defi-
ciency during pregnancy.

For further information regarding nutritional
habits in Germany, you may consult a German
book entitled “Was essen wir heute?” (What do
we eat today?) which can be ordered free of
charge from the Robert Koch Institute (Email:
gbe@rki.de).

Robert Koch-Institut
Abt. Epidemiologie und 
Gesundheitsberichterstattung
Seestr. 10
13353 Berlin
Germany
Internet: www.rki.de

CONTACT ADDRESS

6.2 Is our food safe enough?

Official food control by the federal Länder is
based on the Foods and Other Commodities Act.
Foods which do not comply with legal provisions
are withdrawn from the market. 

To ensure that microbiological and chemical ex-
amination of foods is performed according to
uniform standards, several national and Euro-
pean reference laboratories have been estab-
lished at the Federal Office of Consumer Protec-
tion and Food Safety (BVL) and the Federal Insti-
tute for Risk Assessment (BfR). At these laborato-

Box 22

The authorities responsible for protecting human health
are interested in the following questions

� Does the food contain pathogens?

� Have maximum residue limits for pesti-
cides and for contamination with heavy
metals and other undesirable substances
been complied with? 

� Are composition and labelling of products
in conformity with the Foods Act and regu-
lations under this act? 

Bacteriological meat examination.
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ries, the technical conditions for supervisory
measures are established and adapted to techni-
cal progress. 

� Additional Food Monitoring

In addition to the official food control, a food
monitoring scheme has been in operation since
1995. This scheme allows representative examina-
tions to detect pollutants in foods marketed in
Germany in order to permit an early recognition
of possible risks from such substances.

Food monitoring is a governmental task which
has been shared by the federal and the Länder
authorities and is also defined in the Foods and
Other Commodities Act. The Länder are responsi-
ble for sampling and examination of foods while
organisation and reporting of the monitoring re-
sults are tasks of the BVL. 

Each year, approx. 4 700 samples of about 20 dif-
ferent foods are examined for the presence of
residues of pesticides, of persistent chlorinated
hydrocarbons, of heavy metals, of nitrate and al-
so of mycotoxins (toxic metabolites of moulds). To
cover a range of foods as wide as possible, differ-
ent foods are examined each year.

� Which are the substances of interest?

In Germany, pesticides must only be used for
agriculture or market gardening if they are
authorised. According to the Plant Protection
Act, the BVL is responsible for the approval of
such products. The Federal Biological Research
Centre for Agriculture and Forestry (BBA), the
BfR and the Federal Environmental Agency
(UBA) take part in the approval procedure. If
pesticides are used in accordance with their
intended purpose and good agricultural prac-
tice, residue levels will be low and adverse ef-
fects on health and the environment are not to
be expected. 

Because of their massive use in the past, persis-
tent chlorinated hydrocarbons such as DDT,
PCBs and HCB (see list of abbreviations) are
widespread in the environment so that they are
counted among the environmental contami-
nants now. They accumulate in the food chain,
above all in the fatty tissue of animals. Because
of their adverse effects on health and the envi-
ronment, their use in Germany has been
banned or considerably restricted since many
years. However, in cases where feeds are import-
ed from countries where such bans do not exist
and these substances are still used in the pro-

100

1995

P e r c e n t a g e  o f  s a m p l e s  ( % )

90

80

70

60

50

40

30

20

10

0

without quantified residues with residues
below the MRL

with residues
above the MRL

1996 1997 1998 1999 2000

Presence of pesticide residues in foods of vegetal origin
MRL, Maximum residue limit

Figure 13
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duction of foods of animal origin, the presence
of such substances cannot be ruled out. 

In 1990, certain musk compounds (which were
used as fragrances in cosmetics, detergents and
toilet products) and bromocyclen (a veterinary
drug) were found in trout by chance. The health
significance of these substances is not yet clear.

Nitrate may be present in foods of vegetal origin
as a natural component and also as a residue of
fertilisers. Some vegetables such as lettuce,
radish, or beetroot are known as nitrate accumu-
lators. Nitrate as such has a low toxicity. However,
in the human body, nitrate is converted to nitrite
which in the presence of amines can form car-
cinogenic nitrosamines.

Among heavy metals, lead, cadmium and mercu-
ry are of particular importance because they
accumulate in certain organs and may produce
disorders (e.g. cadmium in the kidney).

Especially foods rich in oil such as nuts and pista-
chios may contain aflatoxins if they are infested
with moulds of the species Aspergillus flavus.
Aflatoxins belong to the best known fungal poi-
sons (mycotoxins). They are highly toxic and are
considered as carcinogenic.

� Wildlife animals as indicators of
environmental contamination

Wildlife animals are well suited as indicators of
contamination in their habitat. Thus, samples of
wild boar meat from the eastern Länder showed
elevated DDT levels while in samples from the
western Länder, there were mostly high PCB-180
concentrations found. In the former German De-
mocratic Republic, DDT use was discontinued
later than in the western Länder, while in the
latter, larger amounts of PCBs were used.

Environmental chemicals of organochlorine type
were frequently found in some wildlife fish
species and other marine animals, e.g. in her-
ring, eel and halibut. Musk xylene and bromocy-
clen were detected in 10–50 % of fish samples.

� Admissible maximum levels

There are limit values for the evaluation of
residue and contaminant levels which are also re-
ferred to as maximum residue limits (MRLs).
These limits have been fixed in a number of reg-
ulations under German and European law and
must not be exceeded. They are based on the re-
spective ADI and TDI values (see Box 23). 

The guide values for heavy metals published by
the former Federal Institute for Health Protection
of Consumers and Veterinary Medicine have
meanwhile been replaced by a legally binding
regulation (Regulation (EC) No. 466/2001 of 8
March 2001 setting maximum levels for certain
contaminants in food). Under this Regulation,
maximum levels for nitrate have been fixed for
spinach and leaf lettuce only.

For baby and infant food, the German regula-
tions on special diets apply which require not
only the highest level of microbial safety but al-

Wild boar are also biological indicators.

Box 23

What are ADI or TDI?

� ADI (Acceptable daily intake) or TDI (Tolera-
ble daily intake) are doses in milligrammes
of a chemical per kilogramme body
weight.

� It is that amount of a substance which
doesn’t cause unacceptable harm accord-
ing to the state of scientific knowledge
even under lifelong daily intake.
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so the lowest limits for pesticides and nitrate.
Thus, there is a general maximum residue level
of 0.01 mg/kg for all pesticides and of 250
mg/kg for nitrate. In the future (after conversion
into German law), some substances will be sub-
ject to the more stringent provisions of the Eu-
ropean Commission Directives 2003/13/EC
amending Directive 96/5/EC on processed cere-
al-based foods and baby foods for infants and
young children, and 2003/14/EC amending Di-
rective 91/321/EEC on infant formulae and fol-
low-on formulae.

� Low level of contamination

The results of food monitoring over the 1995–
2000 period have shown that with few excep-
tions, contamination of foods with undesirable
substances is low.

Modern methods permit the detection of the
residues of 120 or even more plant protection
products in one single analytic run (see also Fig.
13). Important foods of plant origin such as cere-
als were almost completely free from residues of
pesticides. The admissible maximum levels were
exceeded only in a low number of cases. Only in
some vegetables like lettuce, broccoli, courgette,

cucumber, savoy and some fruits like grapes,
stone fruit and papaya, MRL-exceeding residues
were found more frequently. High nitrate levels
were found in lettuce. In pistachios from certain
countries, aflatoxin concentrations exceeded the
maximum levels frequently. As a consequence,
pistachios are imported from areas with a low
fungal contamination.

Infant formula and foods for young children
for which particularly stringent standards 
exist were mostly free from residues and
contaminants.

Foods of animal origin were examined for ap-
prox. 30 organochlorine substances (see also Fig.
14). These substances include the compounds al-
ready mentioned, DDT, PCBs and HCB as well as
musk compounds and bromocyclen. 

The contamination of milk, dairy products and
meat (including fatty tissue) of animals for
slaughter with these substances was low. This
has also been due to intensive controls of feed-
ing stuffs.

In general, contamination of samples of foods
of vegetal and animal origin with heavy metals
was inconspicuous.
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For most of us, fresh, clear and appetising water
is available from the tap in as it seems unlimited
supply. It is far more than just a food. We need
water for personal hygiene, for doing the laun-
dry and for the cleaning of all objects and sur-
faces coming into contact with foods. Thus, in
everyday life, drinking water offers the most im-
portant, most economic, very effective and often
the only means to prevent infectious diseases.
There are legal provisions which ensure that the
quality of drinking water in Germany meets both
hygienic and aesthetic requirements (see Box 24).

The most important piece of legislation in this re-
spect is the revised Drinking Water Ordinance, in
force since 1 January 2003. It is based on the Eu-

ropean Council Directive 98/83/EC on the quality
of water intended for human consumption. Com-
pliance with the legal provisions along the way
ending with the consumer’s tap is controlled by
the local health authorities.

Through its Advisory Committee on Drinking Wa-
ter, the Federal Environmental Agency (UBA) has
played an important decisive role in the revision
of the Drinking Water Ordinance. It is one of the
preferential tasks of the WHO Collaborating Cen-
tre for Research on Drinking-Water Hygiene also
hosted by the UBA to assist all activities which con-
tribute to an adequate supply of safe drinking wa-
ter, both on the national and international levels.

� Where does the 
drinking water come from? 

In Germany, groundwater (74 %), surface water
(17 %) and other sources, e.g. bank filtrate (9 %)
are used for the production of drinking water. 

6.3 The water we drink

Bundesamt für Verbraucherschutz und 
Lebensmittelsicherheit
(Federal Office of Consumer
Protection and Food Safety)
Diedersdorfer Weg 1
12277 Berlin
Internet: www.bvl.bund.de

CONTACT ADDRESSES

Bundesinstitut für Risikobewertung
(Federal Institute for Risk Assessment)
Thielallee 88–92
14195 Berlin
www.bfr.bund.de

Box 24

Basic requirements for drinking water

� Absence of pathogens

� Low bacterial counts

� Absence of properties likely to adversely af-
fect health

� Appetising appearance (clear, colourless,
cool, absence of odour and bad taste)

Designation of a water protection area.
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Based on the Federal Water Act, the federal Län-
der have designated water protection areas for
drinking water production. Often, it will only be
necessary to remove interfering iron and man-
ganese from groundwater while surface waters
which are more or less polluted by sewage require
a more intensive treatment (see photograph).

� Protection of water resources

The quality objective of groundwater protection
is to have groundwater that is largely free from
man-made pollution. For this purpose, a strict ap-
plication of the precautionary principle is of pri-
mary importance.

This means that as a principle, sewage treatment
is to be given preference where water resources
are to be protected. An important parameter in
this context is the share of the population con-
nected via sewerage to sewage treatment plants.
In 1998, approx. 90 % of the population lived in
dwellings connected to municipal sewage plants.
However, an effective sewage treatment can only
be achieved by biological treatment and specific
removal of nutrients.

Although the total capacity of water resources is
sufficient in Germany, there are areas with only

small usable groundwater resources. Water sup-
ply in areas with a water shortage is ensured by
long-distance pipelines from areas with surplus
water resources.

� Can drinking water cause illness, too?

In the legal provisions on monitoring of drinking
water, reference is made to so-called indicator or-

Filter system in water supply works: Removal of turbid matter with adher-
ent microorganisms (among these, pathogens) and chemical contaminants.

Table 5: Quality of drinking water from large water works in Germany 1999–2001

Parameter Parametric value1

Total of measurements
Parametric value 

not met (category B)

1999 2000 2001 1999 2000 2001

Turbidity 1.5 FTU2 78 459 81 990 79 461 95 103 105

Conductivity 2.000 mS/cm 75 923 79 006 76 944 0 1 0

PH value 6.5–9.5 57 270 65 391 54 622 38 137 34

Free chlorine 0.3 mg/L 47 906 50 773 39 167 11 39 24

Nitrate 50 mg/L 18 772 20 411 18 341 213 218 142

Coliforms 0 in 100 mL 188 376 191 389 202 396 1 278 1 100 1 272

E. coli 0 in 100 mL 188 293 191 525 202 434 468 347 208

1 According to Drinking Water Ordinance 1990; 2 formazin turbidity unit

Source: Federal Environmental Agency, 2003
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ganisms. Thus, a presence of the bacterium, Es-
cherichia coli (E. coli) will indicate faecal contam-
ination while the presence of coliform bacteria (a
group which includes E. coli) does not necessarily
mean faecal contamination. Occasionally, there
may be clusters of water-borne diarrhoea caused
by a number of gastroenteritis viruses and proto-
zoa such as Cryptospiridium, even if all legal pro-
visions have been complied with.

If the water contains substances like heavy met-
als, nitrate, polycyclic aromatic hydrocarbons and
organochlorine compounds in too high concen-
trations, health disorders may occur which are
mostly of a chronic nature (see also chapter 6.2,
Is our food safe enough?).

In some old houses there are still lead pipes. In
these cases, drinking water will contain lead in
elevated concentrations. Lead is stored in the
bones from where it may spread over the entire
body. The nervous system is particularly sensitive

to lead. Even in relatively low concentrations,
lead impairs the development of intelligence in
the unborn child, in infants, young children and
schoolchildren. With the new Drinking Water
Ordinance from 2003, the limit value for lead
was reduced from 40 µg/L to 25 µg/L which be-
came effective on 1 December 2003. A standard
of 10 µg/L will be valid after 30 November 2013.
Lead pipes should then belong to the past.

Meanwhile, copper is the material mainly used
for pipes in Germany (60 %). In rare cases, an ele-
vated copper concentration may cause liver dam-
age in infants. When the water used for prepara-
tion of infant formula meets the minimum re-
quirements set for copper and pH, it does not
constitute a health risk for infants. This is the re-
sult of a study that had been commissioned by
the UBA. Where water has a pH value below 7.0,
copper must not be used for installations. This is
the case with many private wells.

Responsible for the domestic distribution system
is always the owner of the respective house. Even
where all rules have been adhered to, an accu-
mulation of substances may occur when water is
stagnating in pipes and fittings for a longer peri-
od. In these cases, substances from the installa-
tion material may migrate and accumulate in the
water or microbial growth may occur. Consumers
can, however, protect themselves against such
contamination if necessary (see Box 25).

� Water supplied by the 
water works is ‘wholesome’

In 2001, more than 68 million inhabitants in Ger-
many (approx. 84 %) were supplied with approx.
4 200 million m3 drinking water from municipal
drinking water treatment plants. In Table 5, in-
formation on the quality of drinking water sup-
plied by water works has been summarised. Gen-
erally, the quality of such drinking water in Ger-
many is excellent. The proportion of cases where
parametric values according to the Drinking Wa-
ter Ordinance are not met (category B), is very
low (less than 1 %). Only in the case of nitrate,
1.1 % of the samples analysed showed levels ex-
ceeding the limit value in 1999 and 2000.

The data for some parameters shown in Table 5
were taken from a report on drinking water qual-
ity which is prepared by Germany every three
years and submitted to the European Commis-
sion. The EU requires that the report should in-

Box 25

The Federal Environmental Agency recommends

� Before drawing water for drinking and
cooking, let water run off the tap until its
temperature becomes cooler. Such water
has not been stagnant in pipes.

� Runoff water may be used for watering
flowers or for cleaning.
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clude data on water supply systems serving
more than 5 000 persons or delivering daily
volumes of more than 1 000 m3 of drinking
water to public supply networks. Figures given
in the Table are based on data reported by the
16 Länder for the period 1999–2001. The results
were, according to the Drinking Water Ordi-
nance 1990 valid at that time, grouped into two
categories A (limit value adhered to, not shown)
and B (parametric values not met). It is not
possible to draw conclusions about the amount
of water supplied or the numbers of persons
concerned. 

� …and what about water at the tap?

When arriving at the consumer’s tap, drinking
water may not always maintain the quality level it
had when leaving the drinking water treatment
plants. During transport, substances originating
from the installation material may be taken up. 

In the Environmental Survey conducted by the
UBA in 1998, first draw samples of domestic
drinking water sampled in the morning from
taps in the homes of 4 800 adults were examined
for arsenic, lead, cadmium, copper, nickel, zinc
and other parameters (see Table 6). When com-
paring the results with those obtained in the Sur-

vey of 1990/92, lead levels were found to have
dropped and copper levels to have risen, particu-
larly in east Germany. This is mainly due to the
exchange of lead pipes for pipes made of copper
or iron/steel. In the 1998 Environmental Survey,
also nickel levels were examined. It was found
that stagnant water in fittings can be consider-
ably contaminated with nickel.

When rating the analytic results for domestic
drinking water by the parametric values of the
Drinking Water Ordinance 1990 being valid at
that time, it is seen that in Germany, domestic
water samples did not always meet the Ordi-
nance values prescribed.

Table 6: Selected metals in drinking water sampled at domestic taps

Limit/guide value1

Per cent share of samples not complying with standards

Germany western Länder eastern Länder

Element [mg/L] 1990/92 1998 1990/91 1998 1991/92 1998

Arsenic 0.01 n.e. 0.1 n.e. 0 n.e. 0.1

Lead 0.04 2.2 0.9 0.8 0.7 8.1 1.8

Cadmium 0.005 0.3 0.1 0.1 0.1 0.7 0.2

Nickel 0.05 n.e. 4.8 n.e. 4.2 n.e. 7.5

Copper 3 0.6 0.9 0.7 0.9 0.5 0.8

Zinc 5 2 1.0 0.5 0.6 8 2.3

1 in accordance with Drinking Water Ordinance of 1990; n.e., not examined

Source: Federal Environmental Agency, Environmental Survey 1998

Umweltbundesamt
Abt Umwelthygiene, 
Abt. Trink- und Badebeckenwasserhygiene 
or Zentraler Antwortdienst 
PF 33 00 22
14191 Berlin
E-Mail: bk@umweltbundesamt.de 
Internet: www.umweltbundesamt.de

CONTACT ADDRESSES
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Breast milk is the best food for babies in the
first months of their life. It contains all nutrient
components needed for the infant’s develop-
ment: Proteins, lactose and unsaturated essen-
tial fatty acids as well as vitamins, minerals, en-
zymes and antibodies. The latter protect the in-
fant against pathogens to which the mother
had been exposed during illness or as a result of
maternal vaccination. Apart from this, breast-
feeding promotes the relationship between
mother and child as well as the emotional and
social development of the child.

However, breast milk may contain undesirable
substances. This refers not only to caffeine, nico-
tine, or alcohol which can be avoided by a
health-conscious behaviour of the mother but al-
so to a number of substances incorporated by the
mother, mostly in food, a long time before the
birth of her baby and stored in the fatty tissue of
her body (bioaccumulation; see chapter 6.2, Is
our food safe enough?). In the course of the lac-
tation period, these undesirable substances are
mobilised and released into breast milk.

� Since 1980: Breast milk data base

Undesirable substances, residues and contami-
nants, may constitute a health risk for the infant.

For this reason, breast milk is analysed by the
public health laboratories of the federal Länder.
Since 1980, the results have been documented in
the central data base on breast milk and dioxin
in humans and evaluated by the Federal Institute
for Risk Assessment (BfR).

� Organochlorine compounds 
are fat-soluble

Breast milk is examined for persistent
organochlorine compounds. These include:

� Pesticides used in the past such as DDT, HCB,
HCH isomers

� polychlorinated biphenyls (PCBs) and dioxins
(an acronym for polychlorinated dibenzodi-
oxins and dibenzofurans) and

� since 1992 also synthetic fragrances (musk
compounds).

Persistent organochlorine compounds enter the
human body preferentially through the con-
sumption of foods of animal origin while fra-
grances take the dermal route when cosmetics
are used.

Meanwhile, data on more than 40 000 breast
milk samples have been collected so that reli-
able statements on national trends can be
made. The regulations and bans of organochlo-
rine pesticides (DDT, HCB, beta-HCH, dieldrin)
and PCBs have resulted in a noticable reduction
of the contamination of breast milk (see Fig. 15).
The levels of a number of substances like the in-
secticides lindane (gamma-HCH) and the
banned dieldrin have decreased to the range of
the detection limit.

Also in the case of dioxins, which form as unde-
sirable by-products of combustion and certain
chemical processes and had been a subject of
discussion in the context of incineration plants,
a retrograde development is seen (see Fig. 16).
Since dioxins are also known to accumulate in
the food chain, breast milk samples have also
been examined for dioxins since the mid-eight-
ies. An obvious reduction of dioxin levels has
been observed since the early nineties. This is a
welcome result of technical and regulatory
measures to reduce the release of dioxins into
the environment.

6.4 Breastfeeding: Pros and cons
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� Are levels of xenobiotic substances 
too high?

Xenobiotic substances in breast milk are general-
ly undesirable, in particular those which accumu-
late in fatty tissue or organs of the infant and
thus can raise the body burden over the child’s
lifetime. For that reason, the National Breastfeed-
ing Commission (Nationale Stillkommission)
whose registred office is located at the BfR is
closely following the situation. Residues found in
breast milk are assessed for resulting health ef-
fects in infants.

When deriving the ADI/TDI (see box 26) values,
not only sensitive subgroups of the population
are considered but also a lifelong (i.e. over more
than 70 years) daily intake. 

However, a breastfeeding period of six months
corresponds to less than 1 % of the average life
expectancy.

The ADI/TDI value as such does not constitute an
adequate basis for evaluation in this case. Howev-
er, if the calculation reveals that the amounts of
residues incorporated by the infant are within
the range or below the ADI values, one can as-
sume that a health risk is improbable. In Ger-

many, this appears to be the case e.g. for total
DDT, dieldrin and gamma-HCH (lindane) in
breast milk.

Regarding dioxins and PCBs, the situation is differ-
ent. For these substances, the TDI value estab-
lished by the WHO (see Box 27) for the breastfeed-
ing period is exceeded at present. At the moment,
a definite assessment of synthetic musk com-
pounds is not yet possible. However, the amounts
incorporated by a breast-fed infant are far below
(by 4 logs) the amounts studied experimentally
which did not produce effects in animals.
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Figure 15
Source: Federal Institute for Risk Assessment

Box 26

What are ADI and TDI?

� ADI (Acceptable Daily Intake) and TDI (Tol-
erable daily intake) are intake doses in mil-
ligrammes per kilogramme body weight
and day.

� The ADI/TDI indicates the amount of an
undesirable substance whose life-long daily
intake is safe as judged by the present state
of scientific knowledge. 
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Nevertheless, because of the bioaccumulative
characteristics, the German Association of Manu-
facturers of Body Cosmetics and Detergents (In-
dustrieverband Körperpflege und Waschmittel –
IKW) recommended to its members in 1994 that
they should on a voluntary basis discontinue the
use of musk xylene, as a precaution. The mem-
bers followed that recommendation. As a conse-
quence, the concentrations of musk xylene in
breast milk became less.

� Yes – breastfeeding is 
still recommended

In recent years, various international and
national expert panels have considered the
problem of residues in breast milk and in-
dependently recommended breastfeeding with-
out reservations.

As a result of the declining concentrations of
organochlorine compounds in breast milk, the
National Breastfeeding Commission and the
Food and Nutrition Commission of the German
Society for Paediatrics and Adolescent Medicine
(Deutsche Gesellschaft für Kinderheilkunde und
Jugendmedizin) have already recommended in
1995 complete breastfeeding until the 4th to 6th
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Source: Federal Institute for Risk Assessment

Box 27

Dioxins and PCBs

� TDI value for dioxins inclusive of dioxin-
like PCBs = 1–4 pg WHO-TEQ per kg body
weight and day (WHO, 1998)

� TEQ – Toxicity equivalent: Value used to es-
timate the total toxicity of mixtures of sub-
stances, which have a similar action mode
as the well researched reference substance
TCDD (‘Seveso dioxin’)

� The 17 different dioxins that are accumu-
lated in human body fat are expressed in
summarised form as international toxicity
equivalents (I-TEQ).

� So far, I-TEQs only accounted for dioxins. To
include dioxin-like PCBs, they may be con-
verted to WHO-TEQs using a factor of 2–3
as an approximation.

1 pg = 1 picogramme, the millionth part of
a microgramme
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month of life when feeding of solid food will
start. A continuation of breastfeeding – aside
the supplementary food – is not considered to
involve health risks.

A leaflet recommending breastfeeding has been
published in German as well as in English,
French, Italian, Russian and Turkish; it can be ob-
tained free of charge from the National Breast-
feeding Commission.

Bundesinstitut für Risikobewertung
(Federal Institute for Risk Assessment)
Thielallee 88-92,
14195 Berlin
Internet: www.bfr.bund.de

CONTACT ADDRESSES

Geschäftstelle der Nationalen Stillkommission
(National Breastfeeding Commission)
Bundesinstitut für Risikobewertung
Thielallee 88-92,
14195 Berlin
E-mail: stillkommission@bfr.bund.de 
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In this brochure we have been able to show that
for many contaminants there has been a favour-
able development towards reduced exposure for
humans and the environment. Thus, exposure to
lead or sulphur dioxide has ceased to play a ma-
jor role in Germany. 

Instead, other problems have emerged. Predomi-
nant topics on the agenda of the Federal Environ-
mental Agency (UBA) are the quality of indoor
air in homes as well as exposure to noise and
fine particles. The Federal Office for Radiation
Protection (BfS) has considered problems such as
health risks from mobile telephone systems and
solar radiation. The Federal Office of Consumer
Protection and Food Safety (BVL) is confronted
again and again with problems raised by new un-
wanted substances in foods. On a national level,
the Robert Koch Institute (RKI) is active in the
collection of important representative data on
the health of children and adolescents.

In the following, some examples of problems of
current interest are presented. In some cases, a
technical/scientific basis that would permit to give
definite answers to open questions is still missing.
In such fields, further research is necessary. 

Once problems have been identified, it will be
possible to take appropriate action. Measuring
and observation combined with active and un-
derstandable information on risks, adequate be-
haviour and protective measures mean important
steps to this end. 

In many cases, it will not be possible to do with-
out legal provisions and regulations protecting
human health and also the environment. An in-
tact environment is an essential prerequisite also
for the health of coming generations. The objec-
tive consists in harmonising the protection of
health and of the environment. At first glance
this often seems to be almost impossible, and
conflicting ‘pro-and-con’ situations seem so be
unavoidable in many cases.

� Indoor air

The conflict arising from the Energy Conserva-
tion Regulations which became effective in
2002 is a striking example for this. The require-

ments of economic energy use in buildings on
the one side and a good indoor air quality on
the other must be harmonised as far as possible.
There is no doubt that a better thermal insula-
tion of buildings is meaningful which saves en-
ergy and assists climate protection. Likewise, it
is obvious that perfect sealing of buildings and
rooms makes an indoor/outdoor exchange of air
more difficult or even prevents it. Concentra-
tions of pollutants in indoor air will rise and a
higher humidity may also result in the growth
of moulds. Both aspects, energy conservation
and indoor air quality, can be balanced only by
simultaneously reducing emissions from materi-
als used indoors and ensuring an adequate air
exchange. This sounds simple and seems to
work in low-energy and passive buildings. It is,
however, still unclear at present how such prin-
ciples can be followed when renovating existing
buildings under energetic aspects. In the opin-
ion of the UBA, there is still need for research
on this subject.

� Undesirable substances in foods

Again and again, problems arise which have to
do with foods. In 2002, it became known that
acrylamide, a substance which has proved to be
carcinogenic and mutagenic in animal experi-
ments, may be present in roasted and deep-fried
foods such as potato crisps, potato pancakes and
crispbread. Acrylamide was in everybody’s
mouth, in the true sense of the word. Mean-
while, it has become known that this substance
is produced when heating certain sugars (glu-
cose, fructose) in the presence of the amino
acid asparagine at temperatures above 120 °C.
At present, research concentrates on the ques-
tions which factors essentially favour a forma-
tion of acrylamide and which is the role of raw
materials or processing and preparation tech-
niques in this context. It is the objective of such
work to develop procedures for the production
and preparation of foods which involve only a
low formation of acrylamide.

Although the available data are still inadequate
to assess the health risk of acrylamide for hu-
mans, a precautionary concept has been devel-
oped by the BVL to reduce acrylamide levels in
foods. The federal Länder, the industries involved

7 WHAT REMAINS TO BE DONE?
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and the Federal Ministry of Consumer Protection,
Food and Agriculture have agreed on dynamic
minimisation strategies. 

� Mobile telephones

It has not yet been fully clarified whether expo-
sure to electromagnetic fields produced by mo-
bile telephone systems may affect human health.
For this reason, the BfS has recommended indi-
vidual precautionary measures to minimise influ-
ences of such electromagnetic fields.

� Excessive sun-bathing

In some cases, a limitation of known health risks
by legal measures is almost out of question be-
cause possible risks are decisively dependent on
individual behaviour patterns. To give an exam-
ple: An excessive unprotected exposure to sun-
light, particularly of very young children, favours
a development of skin cancer due to the UV irra-
diation absorbed. Development of skin cancer
(latency period) may take several decades. Only
an extensive education of the population may
help to prevent this disease. This requires long-
term educational programmes. For a number of
years already, campaigns have been conducted
by the BfS which were specifically designed to
appeal to adolescents. It has been the objective
of such campaigns to influence the individual
leisure behaviour so that excessive sunbathing
without any protection becomes reduced. Again
and again it has been noted that it is very diffi-
cult to make people aware of the need to alter
their leisure time behaviour accordingly and to
achieve such modified behaviour. But in this case
the only way to reduce the health risk is educa-
tion on this subject.

� Child and adolescent health

Representative surveys on the subject of child and
adolescent health have been missing so far. For
this reason, the RKI launched, in May 2003, the
German National Health Interview an Examina-
tion Survey for Children and Adolescents. The aim
is to obtain data about the health status of ap-
prox. 18 000 children and adolescents aged 0 – 17
years. This is the first time such a survey is carried
out on the national level. The topics of this study
include health status, physical and mental devel-
opment, illnesses and injuries from accidents,

conditions of living, lifestyle, risk behaviour and
vaccination status. To obtain the required data,
children and adolescents participating in the
study are subject to medical examination and are
interviewed using a questionnaire. In addition to
this, blood and urine analyses are offered. 

Based on the study results, it will be possible to
show the frequencies of diseases and health-rele-
vant behaviour patterns as well as to identify ex-
isting health risks in children and adolescents. It
is an objective of the study to develop concepts
for the prevention of certain diseases and health
disorders. There will also be a concrete benefit
for the individual children and adolescents par-
ticipating in the study. They will be informed
about possible individual health risks such as hid-
den nutrient or vitamin deficiency, specific aller-
gic sensitisation or vaccination gaps.

� Sensitivity of children

Is the response of children different from that of
adults? The Federal Institute for Risk Assessment
(BfR) tries to elucidate this question. This institute
coordinates activities in the field of sensitivity of
children to contaminants which are conducted
jointly with the BfS, the RKI and the UBA. As a
first step, the current situation regarding the con-
sideration of children when establishing maxi-
mum levels will be reviewed. The second step will
consist in a study of the factors modifying the ex-
posure of children to contaminants as compared
to the situation in adults. This will be examined
for the inhalative, dermal and oral routes. For ex-
ample, children may ingest contaminants by the
oral route not only with food but also through
‘mouthing’, i.e. by putting objects into their
mouths. In a third step, recommendations for the
onward approach to derive maximum levels will
be developed which may also include a descrip-
tion of necessary research work to be done.

� New challenges

The examples given in the present brochure give
an idea of the complexity of the subject of envi-
ronment and health. A lot has been done already
to improve environmental conditions and thus
the health of the population. Nevertheless, some
things remain to be done.

These also include a modification of individual
human behaviour patterns by e.g. cessation of
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smoking, not using the car from time to time or
to shop with awareness, i.e. by giving attention
to the Blue Angel logo. 

Although a number of contaminants are known,
new ones still emerge and there are some which
turn out to carry a risk for health and/or the en-
vironment only after an extended period of use.

Thus, long-term observations performed with the
aid of improved techniques will detect risks
which have been present already for a long time
without being identified. Also an onward devel-

opment of production processes and changes in
consumer behaviour may lead to new risks. 

There is no sophisticated technology and no per-
fect monitoring system that would be capable of
eliminating risks completely.

The objectives of our efforts should consist in an
early recognition of risks and minimising them by
suitable measures taken in due course – thus con-
tributing to the maintenance and improvement of
human health and the preservation of our envi-
ronment, for ourselves and future generations.
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ADI Acceptable Daily Intake, value for the
amount of a contaminant which is
considered to be harmless if ingested
lifelong on a daily basis (the ADI val-
ue is used for substances that are –
like pesticides – used intentionally).

BBA Biologische Bundesanstalt für Land-
und Forstwirtschaften, Bundesober-
behörde im Geschäftsbereich des ➔
BMVEL; Federal Biological Research
Centre for Agriculture and Forestry:
Superior federal authority responsi-
ble to the ➔ BMVEL

BfR Bundesinstitut für Risikobewertung,
Bundesoberbehörde im Geschäfts-
bereich des ➔ BMVEL; Federal Insti-
tute for Risk Assessment: Superior
federal authority responsible to the
➔ BMVEL

BfS Bundesamt für Strahlenschutz, Bun-
desoberbehörde im Geschäftsbereich
des ➔ BMU; Federal Office for Radia-
tion Protection: Superior federal au-
thority responsible to the ➔ BMU

BMGS Bundesministerium für Gesundheit
und Soziale Sicherung; Federal Min-
istry of Health and Social Security

BMU Bundesministerium für Umwelt,
Naturschutz und Reaktorsicherheit;
Federal Ministry for the Environ-
ment, Nature Conservation and Nu-
clear Safety

BMVEL Bundesministerium für Verbraucher-
schutz, Ernährung und Landwirt-
schaft; Federal Ministry of Consumer
Protection, Food and Agriculture

BVL Bundesamt für Verbraucherschutz
und Lebensmittelsicherheit, Bundes-
oberbehörde im Geschäftsbereich
des ➔ BMVEL; Federal Office of Con-
sumer Protection and Food Safety:
Superior federal authority responsi-
ble to the ➔ BMVEL

DDT Dichlorodiphenyltrichloroethane,
a pesticide. The application in
Germany is forbidden since 1972 (in
the GDR, however, only since 1989).
DDT is persistent in the environment
und accumulates in the food chain.

Dioxins Short term for polychlorinated
dibenzodioxins and -furans. These
toxic compounds form unintention-
ally in the production process of
other substances and during incom-
plete combustion; they reach the
environment via exhaust fumes or
wastewater, are persistent and accu-
mulate in the food chain (see also
➔ TCDD).

Emission Release of solid, liquid or gaseous
substances or of noise from sta-
tionary or mobile sources, that are
also denominated as emitters; emis-
sions cause pollution of air, water
and soil.

EC European Community, EC replaced
the term EEC (European Economic
Community)

EU European Union

Exposure Coming into contact with ➔ noxae
(pollutants, noise, pathogens, irradi-
ation), i.e. influences potentially
harmful to health. This contact may
vary in intensity and frequency.

HCB Hexachlorobenzene, its use as a
plant protection product is forbid-
den in Germany since 1977. HCB is
persistent in the environment and
accumulates in the food chain.

HCH Hexachlorocyclohexane, there are
different isomers of which only
gamma-HCH (lindane) shows insecti-
cidal effects. Lindane is permitted in
Germany with restrictions, e.g. for
the treatment of head lice and sca-
bies mites.

9 FREQUENTLY USED
TERMS AND ABBREVIATIONS
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Immission Influence of contaminants, noise, ir-
radiation etc. acting on humans, an-
imals, plants or objects. The extent
of the destructive effects (immission
damages) depends on the concen-
tration and residence time at the
place of exposure.

Limit Legally binding value that is not to
value be exceeded (in food law also called

➔ maximum level). A limit value is
defined by the legislator on the ba-
sis of scientific knowledge under
consideration of social aspects, at-
tainability etc.. New demands in-
clude the participation of the public
at the process of risk regulation (risk
assessment, risk evaluation, risk
management).

Maximum Legally binding value for the
level residue of a plant protection pro-

duct or other undesirable sub-
stances in foods. The value is not to
be exceeded (see also ➔ limit value). 

Noxa Cause of disease or damage, that
can be of biological, chemical or
physical nature.

PCB Polychlorinated biphenyls, material
used in the past for many purposes,
banned in Germany since 1989. PCB
is persistent in the environment and
accumulates in the food chain.

PCP Pentachlorophenol, wood preserva-
tive. Its application is forbidden in
Germany since 1989.

Risk Likelihood of an event, i.e. of a dis-
ease. Mostly stated as the number of
diseases per 10 000 or 100 000 indi-
viduals. To minimise environmental
health risks ➔ limit values and oth-
er environmental standards are set.

RKI Robert Koch-Institut, Bundesoberbe-
hörde im Geschäftsbereich des ➔
BMGS; Robert Koch Institute: Superi-
or federal authority responsible to
the ➔ BMGS

SVOC Semi-Volatile Organic Compound

TCDD Tetrachlorodibenzo-p-dioxin, often
used especially for 2,3,7,8-Tetra-
chlorodibenzo-p-dioxin. Indicator
substance that is also the most poi-
sonous dibenzo-p-dioxin congener. It
was released at the disaster of Seveso
in 1976 and is since then colloquially
referred to as ‘Seveso Dioxin’.

TDI Tolerable Daily Intake, equivalent to
the ➔ADI also for substances that
are not used intentionally

UBA Umweltbundesamt, Bundesoberbe-
hörde im Geschäftsbereich des ➔
BMU; Federal Environmental
Agency: Superior federal authority
responsible to the ➔ BMU

VOC Volatile Organic Compound

Precau- Principle emphasising the need of
tionary taking measures after having identi-
principle fied potentially dangerous effects

from a phenomenon, product or
process even if scientific evaluation
does not yet allow the risk to be de-
termined with sufficient certainty.

WHO World Health Organization
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