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FOREWORD 
 
 
The day I became the Flemish Minister for Mobility in 1999, my region of Flanders 
was one of the poorest students of the “EU class” for traffic safety. This was in spite 
of a variety of measures taken by previous governments, to improve traffic and 
safety because of unsafe driving behaviour and to reduce the emissions of traffic-
related pollutants. In this context, I focussed on one specific aspect of traffic safety: 
the number of traffic deaths and injuries on the roads. My intention was to raise a 
broad societal debate on mobility. It seemed to me that the most complex issue was 
to convince those people who are most intimately related to their cars, to leave their 
vehicles at home. After decades with slogans such as “My car, my freedom” it is 
politically impossible to withdraw this “freedom” on the basis of ecological 
arguments. I often noticed that although the majority of the population wants a 
cleaner environment, the same majority is convinced that ‘pollution is caused by 
others’. Moreover, the most important environmental problems tend to appear only 
in the long term. In contrast, the numerous, mainly young, victims on the road, 
among them the dead and the seriously injured youngsters from ‘weekend’ accidents 
are immediately visible. In 2001, Flanders totalled 848 road-accident deaths, 7725 
seriously injured persons and 39070 minor injuries, from a total population of 6 
million people. These are only the recorded figures. Every year, Flanders records 
490,000 people who are involved in one way or another in a traffic accident. 
Furthermore, the perception of the threat is even larger, because many people have a 
‘near miss’ experience. Every year, this involves some 60 million people. More 
precisely, every Flemish citizen has the impression to be almost involved in an 
accident ten times each year. 
 
All this shows that traffic offers a clear problem of public health. For young people, 
traffic is even the single most important cause of death in Flanders. Apart from the 
enormous grief this causes for all those who are involved, the cost for society is 
tremendous. EU assessments show that the societal cost for one person killed in an 
accident is €1.5 million. Using this calculation, the cost of roadside deaths to 
Flanders totals €1.3 billion. 
 
Although we performed and still perform poorly, there is also good news. During 
the past sixteen years, the number of accidents has declined by 5.8%, the number of 
traffic deaths by 20.3% and the number of serious injuries by 44.1%, despite the 
increase in traffic density. 
 
To make sure the number of victims will decline further, drastic measures were 
necessary to achieve a change in the mentality of both the drivers and the authorities. 
A carrot and stick approach was used. This means that the authorities needed to 
make it clear that there are no acceptable arguments to excuse reckless driving. 
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Therefore I decided to install wanted automatic speed cameras at all accident black 
spots in Flanders. By the end of 2004, over 350 crossroads in the region will have 
such a traffic camera. Installing these devices in Belgium is complex, because the 
political responsibilities are shared amongst the regional and federal governments. 
Therefore I threatened that if these targets were not realised, I would consider 
resigning. In this way, I managed as a Flemish minister to involve the federal 
government in this project. Installing traffic cameras is not an easy decision but it 
leads to rewarding results. In contrast to what people presumed, the number of fines 
did not increase but decreased. That was the result of drivers who decreased speed at 
the crossroads. Moreover, it had a most beneficial effect on the number of traffic 
injuries. Police statistics show that the number of accidents in locations with 
automatic cameras decreased by between 20 to 50% and that the number of victims 
decreased proportionally. In the City of Leuven, where the speed limit on the ring 
road was reduced to 50 km/h and the junctions have been furnished with automatic 
cameras, the number of accidents was reduced by 19% in one year. In Hasselt, my 
home town, automatic cameras were installed in January 2003. During that year, the 
number of victims decreased by 35%. A stricter policy does not necessarily mean 
that the citizens are dissatisfied. European statistics from 2002 showed that 60% of 
Belgians either agreed or strongly agreed with the statement that speeding offences 
should be punished more strictly. This rating came out second of seven EU 
countries, after Finland where the rating was 80%. Moreover, almost 80% of the 
Belgians are more or less in favour of installing automatic cameras to control speed 
and the ‘jumping’ of red lights at junctions. These figures are also higher than 
comparative data for other countries.  
 
The policy should also contain an element of reward for citizens. Therefore, we 
started official discussions with the insurance companies. Less traffic accidents with 
reduced risks for the insurers. In theory, it should be possible that car premiums 
should become 20 to 30% cheaper. A mobility policy should not, therefore, be solely 
repressive but can also include positive incentives.  
 
Positive steps were also taken at a second level, that of public transport. My opinion 
is that public transport should be free for everyone. In my home town Hasselt, where 
I am the Mayor, I introduced free public bus transport in 1997. The city pays a 
yearly contribution to the public transport company, which allows all inhabitants to 
use the bus free of charge. Between 1997 and 2002, the number of people using the 
bus in Hasselt increased twelve-fold. My political opponents call free public 
transport a ‘populistic utopia’. Meanwhile, all over Flanders there are quite a 
number of groups who use buses and trams for free. The introduction of free public 
transport needs to be effected step by step, because the transport company is unable 
to adapt its infrastructure instantaneously. Therefore, I decided to start with offering 
free buses to pensioners and subsequently to young people below the age of twelve. 
For students, I introduced cheap bus passes and also adults can use buses cheaply 
with a simplified pass. The number of users of the Flemish Transportation Company 
increased dramatically during the period of the last government. In 1998 the number 
of travellers was about 250 million; by 2002 this number had increased to 318 
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million and in 2003 over 360 million travellers were registered, which is almost 1 
million per day.  
 
This cannot only be explained because people travel cheaply or for free, but also 
because we improved the infrastructure. This was possible because the demand for 
public transport increased; because only after an increase in demand, you will be 
able to find a wider public consensus to invest in public transport. A parliament does 
not refuse to invest if the buses are overcrowded. 
 
Moreover, communities and employers have the possibility to make deals with the 
public transport company. These deals allow their employees to have free bus 
transport. We intend to apply the same system on the railway. Employers will have 
the possibility to offer free train travel to their employees. The employer pays part of 
the cost and the authorities pay for the remainder. 
 
I linked free public transport with a decree on basic mobility rights. Basic mobility 
refers to the right of each citizen to be mobile. Those who don’t have a car must 
have the possibility to travel easily by public transport. That means that accessibility 
and frequency of public transport are legal rights in Flanders.  
 
When it comes to public transport, creativity also helps. In 2003, I suggested people 
could obtain a 3-year free bus pass for the whole family if they gave up their vehicle. 
In particular for households with two cars, this is a stimulus towards a more 
sustainable mobility. In the beginning, the idea was considered ridiculous. However, 
in 2003 over 10,000 Flemish people sold their cars in exchange for a free bus pass. 
These are modest interventions but they urge people to think about mobility.  
 
A public transport company also allows authorities to set up experiments with 
alternative energy and sustainable technology. Experiments with particle traps on 
buses showed that we could limit emissions by 90%. In cities in particular, these 
interventions can be effective in reducing impacts on health, although the reduction 
of the total impact on the environment remains limited. The public traffic company 
did also set up experiments using biodiesel, which is less toxic than regular diesel 
oil. Unfortunately, here too the benefits for the environment are limited. 
 
Free public transport is effective. It removes cars from the roads. Also the 
introduction of very low shipping taxes has removed trucks from the roads. In the 
past, to use the Flemish inland waters, one had to pay by kilometre and by 
displacement. This is contradictory to the more environmentally-friendly character 
of inland shipping as compared to road transport. Since the almost complete removal 
of shipping taxes, we have succeeded in reducing truck movements by 50,000. The 
tonnage/km carried on Flemish waterways increased by 55%. This is equal to 
approximately 400,000 truck movements per year.  
 
Traffic injuries can also be limited by persuading car drivers to drive more slowly. 
The higher the speed at the moment of an accident, the more serious the 
consequences are. Car passengers have a twofold higher chance of dying in a 
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collision at 80 km/h than at 30 km/h. Decreasing speed on busy roads is most 
effective when it comes to accident reductions. Therefore, Flemish communities can 
now propose to reduce speed on regional roads from 90 km/h to 70 km/h. By 
September 2003, almost half of the Flemish communities applied for such a 
permission. The effects of these measures will become apparent in terms of traffic 
safety and noise. Also, more speed controls on highways will contribute to safety. 
There, the effects will also involve a reduction of air pollution. 
 
The measures we have introduced in Flanders during the past few years are 
insufficient to solve all traffic problems, but they are the starting point of an 
important change in mentality and have undoubtedly removed a number of cars and 
trucks from the roads. In 2003, the number of kilometres on Flemish regional roads 
decreased slightly. Between 2001 and 2002, the energy consumption of Flemish 
traffic similarly decreased slightly. For NOx and small particles, the decrease 
between 1995 and 2002 was limited respectively to 22 and 12%. But, for instance,  
the decrease during the same period for VOCs, lead and SOx is more pronounced,  
with a 44%, 96% and 73% reduction respectively. This was mainly the result of 
stricter requirements for fuel and new vehicles. However, in fact, this decrease is 
still insufficient. Health problems resulting from existing pollutants are still serious. 
It is estimated that some sixty Flemish people die each year as a consequence of air 
pollution produced by car and truck traffic, but thousands of people suffer from 
associated respiratory diseases.  
 
I don’t believe in short-term solutions, because this would mean that you would 
have to ban the use of motorised vehicles. As stated before, I’m convinced there is 
no societal basis for such measures. Authorities, however, can implement 
stimulating measures, promote cleaner energy sources and create an environment in 
which sustainable technology can develop faster and be supported by fiscal 
measures. But the most important step  we had to take towards better transport safety 
had to do with reducing the number of traffic victims. In doing this, we established a 
broad societal support that was beneficial for the public debate on mobility. 
 
Steve Stevaert 
Former Minister for Mobility of the Flemish Region. 
Chairman of the Flemish Socialist Party. 
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Summary 
 
The current organization of society requires mobility as an essential part of its 
structure. Complex activities are interwoven in such a way that problems deriving 
from the actual process of constant movement cannot be separated as they are so 
tightly interconnected. 
 
This book examines the health effects of mobility by addressing the major issues 
related to the subject and analyzing their consequences. Thus, air pollution, noise, 
sedentarism and its related endocrine problems are addressed. Moreover, by 
integrating information from different geographical regions it aims at enhancing the 
understanding of the issue. Furthermore, currently available scientific knowledge is 
presented in a comprehensive way that is useful for non-expert advisors.  
 
 
1. Introduction 
 
Society increasingly demands the relocation of persons and products. Strong 
networks of land, air and water routes are built and intensely used. Mobility that has 
been for thousands of years more or less local in scope, can now be found on a 
global scale, due to the evolution and implementation of technology. The principal 
consequences of this extension are air pollution, increased noise, accidents and 
climatic changes (Van Leeuwen, 2002; Goldberg et al., 2003). 
 
Air pollution is largely attributed to engine exhausts. The contamination of clean air 
has become a major problem in urban areas. In most European cities the relative 
contribution of vehicle exhausts to urban air pollutants is increasing. Furthermore, 
emissions from aircraft around airports and ships along sea lanes and river routes 
constitute additional sources of pollution (Künzli, 2002; Zhang and Lioy, 2002). 
 

 © 2005 Springer. Printed in the Netherlands. 
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The air pollutants that are most often addressed are carbon dioxide (CO2), carbon 
monoxide (CO), nitrogen oxides (NOX), particulate matter (PM), polycyclic 
aromatic compounds, benzene and ozone. Needless to say the list is not exhaustive. 
Lead is probably the best studied example (Katsougianni, 2003; Englert, 2004; 
Smuts, 2001). 
 
Noise is another major issue related to mobility. The increase in transport has 
directly increased the exposure of populations to health impairing levels of noise, 
that affect people physically, mentally and socially (Tarnopolsky et al., 1980; 
Stansfeld et al., 2000; Haines et al., 2002). 
 
Rapid transport facilities carry with them the risk of accidents. Human error, 
considered to be the main cause of accidents, is clearly related to the high speed 
attainable by modern vehicles (Patel et al., 2002).  
 
Climatic change and its consequent health effects is also related to increased 
mobility (Patz et al., 2000; Beniston, 2002; Sutherst, 2004).  
 
Moreover, there are a number of less extensively addressed issues related to 
mobility. Endocrine-related problems, resulting from mobility and contributing to 
obesity is one of them. 
 
All the above-mentioned issues raise health considerations and they need to be 
addressed and incorporated in the development of transport policies (Dora and 
Racioppi, 2003). 
 
 
2. Health effects related to mobility: a complex problem 
 
Health effects related to mobility have obvious different aspects. Examples entail the 
effects on the respiratory system and/or the auditory system, and body injury. 
 
The impact of air pollution on pulmonary function is mainly reflected in the increase 
of asthma. There is accumulating evidence that the number of children requiring 
asthma medication and hospital admittance has increased over recent decades. The 
prevalence ranges between 4% and 27% in different geographical regions (Teague 
and Bayer, 2001). Air pollution is also related to allergies and lung cancer. 
Information was drawn mainly from epidemiological studies (Brunekreef and 
Holgate, 2002; Vedal, 2002; Baldacci and Viegi, 2002; Annesi-Maesano et al., 
2003). More recent scientific evidence suggests that health effects deriving from air 
pollution also impair the cardiovascular system and the bone marrow. These health 
effects strongly relate to the pathology of particles. Particulate matter consisting of 
organic and non–organic compounds can enter the bloodstream and reach the 
myocardium and the bone marrow (Fuji et al., 2002; Suwa et al., 2002). Mobility 
related pollutants at very low concentrations affect health. Extra mortality and 
hospital admissions are related to exposure of low concentrations of SO2, NO2 and 
ozone (Kim et al., 2004). 
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Exposure to air pollution is usually accompanied by exposure to noise. Noise can 
also affect the abovementioned cardiovascular system by increasing the 
catecholamine secretion and thus affecting blood pressure. Hypertension is related to 
noise (Rosenlund et al., 2001). Increased catecholamine secretion is also related to 
psychological disorders, such as irritation, depression, sleeping disturbances and 
stress. Psychological disorders can predispose to accidents (OECD, 1998), with 
most serious consequences (Di Gallo et al., 1997). 
 
 
3. Integration of local information to planning 
 
WHO air guidelines have provided a general basis for the development of an air 
quality framework in the EU (WHO, 2000a).  Noise and accidents are also important 
for transport policies. However, wide geographical variations occur in levels of 
measurable pollutants, noise effects and accident rates related to mobility. Urban 
areas and rural areas tend to be separated into different studies. Long-term effects 
and short-term effects have also been studied separately.  Despite the fact that this 
plethora of data has been incorporated into simulation models there remains a 
deficiency in the quality of current health indicators which would permit the 
drawing of concrete conclusions (Mason, 2000; Mindell et al., 2004). However, 
research selected from different countries and European regions allows one to 
compare data and perhaps provides a common basis to harmonize policies. This 
book contains information from Bulgaria, Greece, Austria, Flanders and the UK in 
the form of country reports. 
 
 
4. Why this book? 
 
This book aims at overviewing the hazardous side-effects from increased mobility: 
air pollution, noise and hidden problems such as sedentarism and endocrine 
dysfunctions. Furthermore, it aims at identifying gaps in policies by focusing on 
problems that have received less attention and providing scientific documentation 
that may be included in applied policies. 

Although currently transport is essential for economic and social development, the 
adverse health effects necessitate policy interventions (WHO, 2000b; Tiwari, 2003; 
Dora, 1999; OECD, 1998; Sharpe, 1999). How this policy interventions could be 
accomplished is addressed by different papers in this book. Wider knowledge of the 
mobility-related problems is provided, together with integration of information, 
linking available knowledge and experience between European countries aligned 
with the EU common strategy on Environment and Health (EU, 2003). Non expert 
advisors will find reviewed information that might contribute to their policy advice 
and will assist them to develop sectoral policies maximizing prevention from 
mobility-related adverse effects. 
 
Because of the complexity of the problem, no lines can be drawn to separate the 
effects attributed to different causes. An example is how air pollution and noise may 
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et al., 2005; De Paula Santos et al., 2005). It is essential that decision-makers should 
have a most complete understanding of the whole issue. 
 
It is understood that further research will be needed to clarify the precise relation 
between health effects and mobility. Nevertheless, the papers collected in this book 
show that there currently exists a considerable body of comprehensive information. 
This can form the basis for addressing some of the most pertinent questions that 
need to be answered concerning the relation between health effects and mobility. 
 
 
5. Conclusion 
 
The aim of this book is to meet the urgent need to address the health effects deriving 
from mobility in their entirety and to raise awareness of the cost to society 
consequent upon current practices.  It attempts to provide non-expert advisors with 
peer-reviewed information that may serve to aid decision-making and policy 
development that will lead to an amelioration of the current impact on health. 
Moreover, it tries to provide a better understanding of the health mechanisms related 
to a number of externalities arising from human mobility patterns, in order to 
provide a sounder scientific foundation on which further specific knowledge may be 
based in the future. Risk-reduction policies can be successful only if citizens and 
decision-makers are well informed which will in turn lead to the political pressure 
necessary to  implement change. This capacity-building of decision makers is an 
essential element in reinforcing sustainable development. Public health and 
environmental professionals have to develop a common language to accomplish 
their fundamental mission - the protection of public health. 
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Summary 
 
Traffic noise causes a lot of concern in the population. It annoys, disturbs sleep and 
can cause cardiovascular problems in chronically noise-exposed subjects. 
Approximately 50 million people in the European community are exposed to sound 
levels from road traffic at home, that are suspected of increasing the risk of 
cardiovascular disorders. The noise effects hypothesis is based on the general stress 
model. The mechanism includes arousal of the sympathetic and endocrine system. 
Heart rate, blood pressure, stress hormones and classical biological risk factors of 
ischaemic heart disease (IHD) are affected by the noise. In epidemiological studies, 
subjects who live in noise exposed areas show a higher prevalence of high blood 
pressure and IHD (including myocardial infarction). It is estimated that 
approximately 3 per cent of IHD cases in the general population may be attributed to 
traffic noise. 
 
 
1.  Introduction 
 
It is common experience that noise is unpleasant and affects the quality of life. It 
disturbs and interferes with activities of the individual including concentration, 
communication, relaxation and sleep (WHO, 2000a and 2000b; Schwela, 2000). 
Besides the psychosocial effects of community noise, there is concern about the 
impact of noise on public health, particularly regarding cardiovascular outcomes 
(Suter, 1992; Passchier-Vermeer and Passchier, 2000; Stansfeld et al., 2000a). Non-
auditory health effects of noise have been studied in humans for a couple of decades 
using laboratory and empirical methods. Biological reaction models have been 
derived which are based on the general stress concept (Henry and Stephens, 1977; 
Ising et al., 1980; Lercher, 1996). The noise-hypothesis is nowadays well 
established, and large-scale epidemiological studies have been carried out for a long 
time (Babisch, 2000). The epidemiological evidence of the long-term effects of 

.
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environmental noise on health is constantly increasing (Babisch, 2002; Babisch 
2004). Studies suggest, that transportation noise is associated with adverse 
cardiovascular effects, in particular ischaemic heart disease. Other important health 
endpoints that have intensively been investigated in relation to chronic noise 
exposure are disrupted sleep (Ouis, 1999; Passchier-Vermeer, 2003a and 2003b), 
mental health (Stansfeld et al., 2000b), and effects on the endocrine system (Ising 
and Braun, 2000; Babisch 2003). This article focuses on the impact of ambient noise 
on the prevalence and incidence of hypertension and ischaemic heart diseases 
(including myocardial infarction) as severe health endpoints.  
 
1.1. Traffic noise level 
 
The A-weighted long-term average sound pressure level is used to describe the noise 
exposure at the facades of the people’s homes (LAeq). A distinction is often made 
between the exposure during the day (6-22 hr) and the night (22-6 hr). To assess an 
overall indicator of the noise exposure, a weighted average was usually calculated 
(Ldn), giving a 10 dB(A) penalty to the night period. The new directive of the 
European Union on the assessment and management of environmental noise 
considers a weighted long-term average (Lden) of the sound pressure levels during 
day (e. g. 7-19 hr), evening (e. g. 19-23 hr, penalty 5 dB(A)) and night (e. g. 23-7 hr, 
penalty 10 dB(A)) and an un-weighted night-time noise indicator (Lnight) (Directive 
2002/49/EC, 2002).  
 
In Table 1 the distributions of residential noise due to road and rail traffic in 
Germany are given (Umweltbundesamt, 2001). Based on model calculations, 
approximately 16 per cent of the German population live in ‘noisy zones’ (WHO 
Regional Office Europe, 2000) where the road traffic noise level outdoors exceeds 
65 dB(A) during the day and 55 dB(A) during the night. For such noise levels 
considerable annoyance occurs (WHO European Centre for Environment and 
Health, 1995), and the cardiovascular risk tends to increase (Babisch, 2002). Only a 
few European countries have assessed the noise exposure completely. In European 
Union countries approximately 13 per cent of the population are exposed to such 
levels at the facades of their houses due to road traffic (EEA, 1999). For the whole 
of Europe the estimate is approximately 20 per cent (Schwela, 2000). 
 

Table 1. Noise exposure from road and rail traffic in Germany (Umweltbundesamt, 2001). 
 

 Percentage of the population [%] 
Sound level, outdoors 

[dB(A)] 
Road traffic 

day 
Road traffic

night 
Rail traffic 

day 
Rail traffic

night 
>45 - 50 16.4 17.6 12.4 15.5 
>50 - 55 15.8 14.3 14.9 10.8 
>55 - 60 18.0 9.3 10.4 6.2 
>60 - 65 15.3 4.2 6.2 2.7 
>65 - 70 9.0 2.9 2.3 0.9 
>70 - 75 5.1 0.2 0.7 0.4 

>75 1.5 0.0 0.1 0.1 
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1.2.  Noise annoyance 
 
Figure 1 shows the relationships between the noise level (outdoors) and the 
percentage of ‘highly’ annoyed people due to road, air and rail traffic. The dose-
response curves are taken from Miedema and Vos (1998). They are derived from 
meta-analyses considering a large number of social surveys that were carried out 
over the recent decades in different countries. For the same noise level, aircraft noise 
is more annoying than road traffic noise and railway noise. However, there are 
limitations regarding the universal applicability of the curves in different 
environmental and cultural settings (Ouis, 2002; Diaz et al., 2001; Finegold and 
Finegold, 2003). Therefore it was suggested by a WHO working group on noise and 
health indicators that countries should assess their individual dose-response curves 
(WHO, 2003). 
 
From the results of nationwide representative surveys carried out regularly in 
Germany, it is known that road traffic noise is the predominant source of annoyance 
for the population. Table 2 gives the results of the year 2000 (Ortscheid and Wende, 
2002). Eighteen percent of the population are ‘highly’ annoyed by road traffic noise 
(categories ‘extremely’ and ‘very’ on a five-point scale). Annoyance due to noise 
from neighbours (6.5 percent) and air traffic (5.7 percent) follow next in the ranking. 
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Figure 1. Relationship between sound level and noise annoyance (Miedema and Vos, 1998). 
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Table 2. Noise annoyance in Germany (Ortscheid and Wende, 2002). 
 

Percentage of disturbed or annoyed subjects (%) Noise source 
Extremely Very Moderately Slightly Not at all 

Rail 1.7 3.1 7.3 11.3 76.6 
Road 6.4 11.6 19.4 26.2 36.3 

Industry 1.4 3.0 7.4 16.4 71.7 
Air 2.0 3.7 9.1 17.7 67.5 

Neighbour 2.2 4.3 10.7 22.3 60.4 
 
 
2. Noise and stress 
 
The auditory system is continuously analysing acoustic information, which is 
filtered and interpreted by different cortical and sub-cortical brain structures. The 
limbic system, including the hippocampus and the amygdala, plays an important role 
in the emotional processing pathways (Spreng, 2000). It has a close connection to 
the hypothalamus that controls the autonomic nervous system and the hormonal 
balance of the body. In laboratory studies, changes in blood flow, blood pressure and 
heart rate were found as well as increases in the release of stress hormones including 
the catecholamines adrenaline and noradrenaline, and the corticosteroid cortisol 
(Babisch, 2003; Berglund and Lindvall, 1995; Maschke et al., 2000). Such changes 
also occur during sleep without involvement of cortical structures due to the 
capacity of the amygdala to learn (plasticity), particularly with respect to adverse 
sound stimuli (Spreng, 2000 and 2004).  
 
Noise is an unspecific stressor that arouses the autonomous nervous system and the 
endocrine system. The generalised psycho-physiological concept given by Henry 
and Stephens can directly be applied to noise-induced stress reaction (Henry and 
Stephens, 1977). The stress-mechanism as such is genetically determined. It may be 
modified by experience and environmental factors. Its biological function is to 
prepare the organism to cope with a demanding stressor. Any arousal of the 
sympathetic and endocrine system is associated with changes in physiological 
functions and the metabolism of the organism, including blood pressure, cardiac 
output, blood lipids (cholesterol, triglycerides, free fatty acids, phosphatides) and 
carbohydrates (glucose), electrolytes (magnesium, calcium), blood clotting factors 
(thrombocyte aggregation, blood viscosity, leukocyte count) and others (Friedman 
and Rosenman, 1975; Lundberg, 1999; Cohen et al., 1995). In the long term 
functional changes and dysregulation due to changes of physiological set points may 
occur, thus increasing the risk of manifest diseases. Since many of the above factors 
are known to be classical cardiovascular risk factors, the hypothesis has emerged 
that chronic noise exposure increases the risk of hypertension, arteriosclerosis and 
ischaemic heart disease (Suter, 1992). 
 
Figure 2 shows the reaction schema used in epidemiological noise research for 
hypothesis testing (Babisch, 2002). It simplifies the cause-effect chain i.e.: sound - 
annoyance (noise) - physiological arousal (stress indicators) - (biological) risk 
factors - disease - and mortality (the latter is not explicitly considered in the graph). 
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The mechanism works ‘directly’ through synaptic nervous interactions and 
‘indirectly’ through the emotional and the cognitive perception of the sound. It 
should be noted that the ‘direct’ pathway is relevant even at low sound levels 
particularly during sleep, when the organism is at its nadir of arousal. The objective 
noise exposure (sound level) and the subjective noise exposure (annoyance) may 
independently serve as exposure variables in the statistical analyses of the 
relationship between noise and health endpoints. 
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Indirect pathway

Hearing
loss

Disturbance of 
activities, sleep, 
communication
Cognitive and 

emotional response
Annoy-
ance

Physiological stress reactions (unspecific)
- Autonomic nervous system (sympathetic nerve)
- Endocrine system (pituitary gland, adrenal gland)

Cardiovascular Diseases
Hypertension         Arteriosclerosis         Ischaemic heart disease

Stress Indicators

Risk Factors
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Cardiac output            Blood glucose         Blood clotting factors

Manifest Disorders

Direct pathway
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communication
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ance
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- Endocrine system (pituitary gland, adrenal gland)

Cardiovascular Diseases
Hypertension         Arteriosclerosis         Ischaemic heart disease

Stress Indicators

Risk Factors

Blood pressure              Blood lipids                Blood viscosity
Cardiac output            Blood glucose         Blood clotting factors

Manifest DisordersManifest Disorders

Direct pathwayDirect pathway

 
 

Figure 2. Noise effects reaction scheme (Babisch, 2002). 
 

Principally, the effects of environmental noise cannot be extrapolated from results of 
occupational noise studies. The two noise environments cannot be merged into one 
sound energy-related dose-response model (e. g., a simple 24 hour average noise 
level measured with a dose-meter). Noise effects do not only depend on the sound 
intensity but also on the frequency spectrum, the time pattern of the sound and the 
individuals’ activities, which are affected. For example, it may very well be that a 
truck driver reacts little to the sound of his engine, but is affected more if disturbed 
by traffic noise at home or during sleep although the exposure levels are much 
lower. Therefore, epidemiological studies carried out under real-life conditions are 
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needed to assess the impact of a specific noise source on the health outcomes and 
provide the basis for a quantitative risk assessment. Other noise sources might act as 
confounders and/or effect modifiers on the association of interest. It was shown that 
the effects of road traffic noise (at home) were stronger in subjects that were also 
exposed to high noise levels at work (Babisch et al., 1990). 
 
3. Epidemiological traffic noise studies 
 
A number of epidemiological studies have been carried out in children and adults 
regarding changes of mean blood pressure, hypertension and ischaemic heart disease 
due to long-term exposure to road or aircraft noise. Most of them are cross-sectional. 
The few observational analytic investigations (case-control and cohort studies) refer 
to road traffic noise. For reviews see: Babisch (2000); Passchier-Vermeer and 
Passchier (2000); van Kempen et al. (2002).  
 
With regard to hypertension, the relative risks found in four significantly positive 
studies, ranged between 1.5 and 3.3 for subjects who lived in areas with a daytime 
average sound pressure level in the range of 60-70 dB(A) or more. However, also 
significantly negative associations were found. Across all studies no consistent 
pattern for the relationship between traffic noise level and prevalence of 
hypertension can be seen. Dose-response relationships, which may support a causal 
interpretation of the findings, were rarely studied. When subjective ratings of noise 
or disturbances due to traffic noise were considered, the relative risks ranged from 
0.8 to 2.3.  
 
With regard to ischaemic heart disease (IHD), there is not much indication of an 
increased risk for subjects who live in areas with a daytime average sound pressure 
level of less than 60 dB(A) across the studies. For higher noise categories increases 
in risk were relatively consistently found amongst the studies. However, statistical 
significance was rarely achieved. Some studies permit reflections on dose-response 
relationships. These mostly prospective studies suggest an increase in risk for 
outdoor noise levels above 65-70 dB(A) during the daytime, the relative risks 
ranging from 1.1 to 1.5. Noise effects were larger when mediating factors like years 
in residence, room orientation and window opening habits were considered in the 
analyses. Regarding subjective responses of disturbances and annoyance, relative 
risks between 0.8 and 2.7 were found (Babisch, 2000).  
 
Figure 3 sums up the results regarding IHD (Babisch, 2000). The entries are 
estimates of the relative risks with 95%-confidence intervals for the comparisons of 
extreme groups of noise exposure as given in the publications. The dark-shaded bars 
in the diagram refer to studies where the noise exposure was determined objectively 
(sound levels), the light-shaded bars where it was determined subjectively 
(annoyance). Road traffic and aircraft noise studies are viewed here together. No 
corresponding results are available for rail traffic studies. (Note: If different 
subgroups of the population were taken into account (males/females) or different 
final health outcomes observed, then specific studies would appear several times in 
the illustration. When a series of studies from a particular area under investigation 
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were published in the same year, it is indicated by a serial number behind the year. 
For example, Amst77/1-mpoa means Amsterdam, 1977, Study 1, males, angina 
pectoris, objective exposure = sound level, aircraft noise). Bars shifted to the right 
for relative risks greater than ‘1’ indicate an increase in risk in higher traffic noise- 
exposed subjects compared to those less exposed. All in all, a fairly consistent shift 
to higher risks can be seen.  
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sex: f female, m male; noise measurement: o objective (sound level), dark-shaded bar; s 
subjective (annoyance), light-shaded bar; type of noise: a aircraft noise; r road traffic noise; 
ischaemic heart disease: e ECG-ischaemic symbols, h heart complaints, i ischaemic heart 
disease, p Angina pectoris, v cardiovascular complaints in general, y heart attack; type of 
study: prevalence studies; * = cohort or case-control studies. 
 
Figure 3. Results of epidemiological studies on the association between traffic noise and 
ischaemic heart disease (extreme group comparisons) (Babisch, 2000). 
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In recent years, some review articles have been published trying to assess the 
evidence of the relationship between community noise and cardiovascular disease 
outcomes (Porter et al., 1998; IEH, 1997; Passchier-Vermeer and Passchier, 2000; 
Babisch, 2000; Berglund and Lindvall, 1995; Health Council of the Netherlands, 
1994; Health Council of the Netherlands, 1999). Furthermore, an attempt to 
summarise the findings using the approach of the meta-analyses was undertaken 
(van Kempen et al., 2002). The evidence as concluded in the literature was 
characterised as follows: biochemical effects: limited evidence, hypertension: 
limited evidence, ischaemic heart disease: limited/sufficient (Babisch, 2002). New 
studies are on their way, which may improve the database. Regarding hypertension 
the evidence for an association tends to increase, since new studies revealed 
significant relative risks in exposed subjects of 1.6 (aircraft noise) and 1.9 (road 
traffic noise) (Rosenlund et al., 2001; Maschke, 2003). With respect to myocardial 
infarction a new large case-control study revealed a relative risk of 1.3 in men highly 
exposed to traffic noise (average noise level during day > 65 dB(A)), which was 
significant in the sub-sample of men who had been living for at least 10 years at 
their present address (Babisch et al., 2003; Umweltbundesamt, 2004). In future, 
noise studies should distinguish explicitly between the noise exposure during the 
day and during the night because some study results suggest, that nightly noise 
exposure plays a fundamentally stronger role in the emergence of health disorders 
than noise during daytime (Maschke, 2003). Three study examples are given below. 
 
3.1. The ‘Caerphilly & Speedwell heart disease studies’ 
 
Two cohorts of 2512 (Caerphilly, South Wales) and 2348 (Speedwell, England) 
middle-aged men (45 to 59 years) in the United Kingdom were recruited to study the 
predictive power of already known and of new risk factors for ischaemic heart 
disease (IHD). The subjects were followed-up for approx. ten years to collect new 
IHD cases during that period (Babisch et al., 1993; Babisch et al., 1998). The 
subjects were grouped according to 5-dB(A)-categories of the outdoor A-weighted 
average sound pressure level, from 6-22 hr (Lday). Due to the high correlation 
between day and night noise levels in the communities (correlation coefficient r = 
0.94, mean difference 8 dB(A)), this noise level was used as an indicator for the 
overall traffic noise exposure of the streets in the study. All statistical analyses on 
the relationship between traffic noise and IHD incidence were controlled (model 
adjusted) for a number of potential confounding factors. 
 
Figure 4 shows the relative prevalence (prevalence odds ratio and 95%-confidence 
intervals) of high values of biological risk factors (upper quintiles of the 
distributions) for the extreme group comparison of road traffic noise exposure (Lday: 
>65 to 70 dB(A) versus >50 to 55 dB(A)). Bars ‘shifted to the right’ indicate a higher 
prevalence in the high exposed group of men. Blood clotting factors and blood lipid 
factors were more prevalent in the highest exposed group compared with the lowest. 
However, regarding blood pressure, an opposite association was found. All in all, it 
was estimated that the risk for subsequent IHD was slightly higher in the exposed 
group (Babisch et al., 1993). Although statistically not significant, the ten-year 
follow-up investigations revealed that the incidence in IHD was higher in subjects 
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from the high noise exposed group (Babisch et al., 1998). The estimate of the 
relative risk increased from 1.1 to 1.6 when effect-modifiers of exposure such as 
room orientations, window-opening habits and years of residence were considered. 
This is illustrated in Figure 5. 
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Total cholesterol
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Relative risk (prevalence odds ratio) and 95% confidence interval

 
 

Figure 4. Relative prevalence of risk factors comparing men from homes with road traffic 
noise levels during the day of >65 to70 dB(A) with those of >50 to 55 dB(A) [‘Caerphilly & 
Speedwell Heart Disease Studies’] (Babisch et al., 1993). 
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Figure 5. Relative risk of the incidence of ischaemic heart disease comparing men from 
homes with road traffic outdoor noise levels during the day of >65 to 70 dB(A) with those of 
>50 to 55 dB(A) - impact of the improvement of the exposure assessment [‘Caerphilly & 
Speedwell Heart Disease Studies’] (Babisch et al., 1998). 
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3.2. The ‘Berlin traffic noise studies’ 
 
In the Berlin case-control studies, interviews were conducted with 645 male patients 
with acute myocardial infarction (MI) collected from 17 clinics and 3390 controls 
taken from the population registers (Babisch et al., 1994). The men were aged 41-70 
years. The traffic noise exposure outdoors at the facades of the homes was taken 
from noise maps of the city authorities. In the subgroup of men who lived in their 
homes for at least fifteen years, the odds ratio (95%-confidence interval) of IHD 
incidence was 1.3 when the two highest categories of the noise level during the day 
were taken together (>70 to 80 dB(A)) as compared to the lowest noise category 
(≤60 dB(A)), after adjustment for potentially confounding factors. This is illustrated 
in Figure 6. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 6. Relative risk of the incidence of ischaemic heart disease in middle aged men 
compared with the road traffic outdoor noise level [‘Berlin Traffic Noise Studies’] (Babisch  
et al., 1994). 
 
3.3. The ‘Spandau health survey’ 
 
In the Spandau health survey, the road traffic noise exposure at the homes of 1718 
subjects who took part in a follow-up investigation on the development of clinical 
health endpoints, was assessed using official noise maps of the area (Maschke et al., 
2003; Maschke 2003). The subjects, males and females, were aged 18 to 90 years. 
After adjustment for potentially confounding factors, cross-sectional analyses 
revealed a significantly higher prevalence of high blood pressure (hypertension) 
with increasing noise level outside the bedroom. This is shown in Figure 7. A 
significant increase in the risk was noted for the prevalence, if the equivalent 
continuous sound pressure level of the nocturnal street traffic noise exceeded 
55 dB(A). The relative risk was 1.9 in comparison with locations where the 
equivalent continuous sound pressure level was below 50 dB(A). With regard to the 
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noise exposure of the living rooms during the day, the results showed the same 
tendency of a dose-response relationship, but were statistically not significant and 
the magnitude of the effect was smaller. On the other hand, when only subjects were 
considered that slept with open windows, the effects were much larger, indicating 
that the noise at the sleeper’s ear was of importance.  

 

 
 
 

 

Figure 7. Relative risk of the prevalence of hypertension in middle aged men compared with 
on the road traffic noise exposure of the bedroom [‘Spandau Health Survey’] (Maschke, 
2003). 
 
 
4. Risk evaluation process 
 
A conceptual framework for the regulation of environmental hazards was given by 
the US National Research Council (National Research Council, 1983; Neus and 
Boikat, 2000; Patton, 1993). The process of risk assessment (risk evaluation) 
comprises hazard identification (‘Which health outcome is relevant?’), exposure 
assessment (‘How many are affected’) and dose-response assessment (‘Threshold of 
effect?’) (Babisch, 2002). This information is summarised in, and is called, ‘risk 
characterisation’ or ‘health hazard characterisation’ (Neus and Boikat, 2000). It 
involves the interpretation of the available evidence from the available data and 
other scientific disciplines, and is subject to the discussion of uncertainties including 
chance, bias and validity of studies as well as transparency, replicability and 
comprehensiveness of reviews. As a result of the risk evaluation process, a 
quantitative estimate about the likelihood that the hazard will affect exposed people 
will be derived. Usually attributable risk percentages will be calculated (Walter, 
1998). This will serve as key information for any kind of risk management including 
regulatory options (Jasanoff, 1993). This is illustrated in Figure 8. 
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Hazard identification

Dose-response assessmentExposure assessment

Risk characterization
Attributable risk concept

Risk management
Regulatory options

Hazard identification

Dose-response assessmentExposure assessment

Risk characterisation
Attributable risk concept

Risk management
Regulatory options  

 
Figure 8. Process of risk evaluation (Neus and Boikat, 2000). 

 
 
5. Conclusion 
 
Nowadays the noise and cardiovascular risk hypothesis is well established. The 
biological plausibility is based on clinical and experimental research and has been 
established for a long time on the basis of laboratory and animal experiments. For 
reviews see for example: Borg (1981); Kjellberg (1990); Berglund and Lindvall 
(1995); Babisch (2003). However, a quantitative risk assessment requires 
epidemiological research in this field. Only some studies of the relationship between 
road traffic noise and cardiovascular endpoints permit reflections on dose-response 
relationships. The mostly prospective studies regarding ischaemic heart diseases 
(IHD) suggest an increase in risk for outdoor noise levels above 65-70 dB(A) during 
the daytime (Lday), the relative risks (RR) ranging from 1.1 to 1.5. Approximately 
13-20 per cent of the European population and 16 per cent of the German population 
are exposed (Pe) to such road traffic noise levels during the day at the facades of 
their homes. Assuming a 20 per cent increase in the IHD risk in these subjects 
(relative risk of 1.2), 17 per cent of the IHD cases would be attributable to the noise. 
With regard to the entire population (using the German figure of 16 per cent 
exposed), the population attributable risk percentage (PAR%) would be 
approximately 3, meaning that 3 per cent of all IHD cases would be attributable to 
the traffic noise (PAR%  = [Pe * (RR-1)] / [Pe * (RR-1) + 1]  * 100) (Hennekens and 
Buring, 1987). These figures can be relevant for decision-making in public health 
policy. 
 
Since the difference between average levels of road traffic in the daytime (Lday) and 
at night (Lnight) is normally somewhat less than 10 dB(A) in urban areas (no 
motorways) (Utley, 1985), and the 24-hour noise levels (L24h) are usually 1 to 3 
dB(A) lower than daytime noise levels (Rylander et al., 1986), LDay is a good 
indicator for the overall traffic noise exposure from the streets. It is highly correlated 
with other noise metrics such as the weighted noise indicator LDEN according to the 
noise directive of the European Union (Directive 2002/49/EC, 2002). The risk 
assessment given above with respect to the average noise level of 65–70 dB(A) 
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during the day corresponds with 55–60 dB(A) at night, in this respect. (Note: This 
approximation is only valid for urban road traffic noise).  
 
Since at present no studies are available of data that provide a quantitative dose-
response relationship between aircraft noise and cardiovascular endpoints, no other 
alternative exists than the approximate transfer of the quantitative risk observations 
derived from road traffic noise studies to aircraft noise. Contrary to road traffic 
noise, aircraft noise is to be heard on all sides of a building. Due to the lack of 
evasive possibilities from aircraft noise, and the greater annoyance reactions to 
aircraft noise (Miedema and Vos, 1998), the suspicion exists that the effects induced 
by aircraft noise could be greater than those induced by road traffic. This will have 
to be monitored in future studies.  
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Summary 
 
A rough estimate of the number of people in the EU exposed to environmental noise 
(from road traffic, railway traffic and aircraft) above a day-evening-night-level of 55 
dB(A) is 150 million (40 per cent), including about 120 million people exposed to 
road traffic noise. Adverse environmental noise-induced health effects mainly are 
annoyance, sleep disturbance, stress-related somatic effects, effects on learning in 
children, and possibly hearing damage. These effects occur in a substantial part of 
the EU population. In this chapter the relationships between annoyance and noise 
exposure to various types of environmental noise are given. With respect to sleep 
disturbance, this chapter discusses effects of night time noise on motility (motoric 
unrest), self-reported sleep disturbance, and self-assessed awakening. 
 
 
1. Introduction 
 
Adverse noise-induced health effects are diverse (WHO, 2000). In the chapter 
Traffic, noise and health, Babisch discusses stress-related noise-induced effects. 
This chapter presents an overview on annoyance and sleep disturbance. Where 
available, exposure-effect relationships are given. At the end of this chapter, 
estimates are given about the extent of environmental noise exposure in Europe and 
possible differences in annoyance sensitivity between populations in different parts 
of the EU. 
 
 
 
 

 © 2005 Springer. Printed in the Netherlands. 
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2. Noise metrics used 
 
Noise exposure is described by various metrics. The metrics have been developed in 
view of their correlation with certain biological effects. Here we focus on metrics for 
the description of noise related annoyance and sleep disturbance. 
 
The human hearing organ is not equally sensitive to sounds of different frequencies, 
therefore the sound pressure level (L) is A-weighted, and expressed as dB(A). Noise 
metrics based on the A-weighted sound pressure level and used in this chapter are: 
 
LAeq,T  The equivalent sound level, i.e. the (exponential) average sound level over a 

period of time T. 
Lden  Day-evening-night-level. This metric is the equivalent sound level over a 24-

hour period, with the sound levels increased by 5 dB(A) and 10 dB(A) during 
evening time (19 – 23 h) and night time (23 – 7 h) respectively. 

Lnight  The equivalent sound level over night time (23 – 7 h). 
Lmax  The maximal sound level occurring during a single noise event. 
SEL  Sound Exposure Level. A metric also used to describe single noise events. 

This metric is the equivalent sound level during the event, normalised to a 
period of 1 second. 

 
To evaluate an environmental noise situation, usually values of these noise metrics 
are assessed outdoors. Some noise-induced effects, such as awakening and hearing 
impairment, have been related to indoor noise metrics. 
 
 
3. Effects of noise exposure on health 
 
Table 3 gives an overview of the state-of-the-art of noise effects research. In 1994, 
the Committee on Noise and Health, an international committee of the Health 
Council of the Netherlands (HCN), assessed the health effects of environmental and 
occupational noise exposure (HCN, 1994; Passchier-Vermeer, 1993a). Table 3 is 
based on the 1994 Health Council report, but has been slightly updated since 
(Passchier-Vermeer and Passchier, 2000). In the latter publication recent reviews 
have been taken into consideration (Institute for Environment and Health, 1997; 
Morrell, et al., 1997; HCN, 1999; Shaw, 1996; Job, 1996; Lercher et al., 1998; 
Carter, 1998). The table presents those effects for which sufficient scientific 
evidence is available to consider them to be caused by noise. Table 3 also presents 
the observation threshold for an effect. The observation threshold for a noise-
induced effect is the lowest noise exposure at which for an average population the 
effect has been observed in epidemiological studies. 
 
Section 4 and 5 of this chapter focus on aspects of annoyance and sleep disturbance, 
most other effects are discussed in the chapter by Babisch, with the exception of 
hearing impairment. ISO 1999 (1990) presents a method to estimate noise-induced 
hearing impairment in populations exposed to occupational noise. In Passchier-Vermeer 
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(1993b) it has been made plausible that the relations presented in ISO 1999 are also 
applicable to environmental noise exposure, if the exposure over 24-hours is taken 
into account. Most likely, environmental noise exposures of the Dutch and 
comparable populations are too low to cause detectable hearing loss, but 
environmental noise exposure in mega-cities appears to be sufficiently high to cause 
noise-induced hearing impairment (Passchier-Vermeer, 1993b; HCN, 1994; WHO, 
2000). 
 
Table 3. Long-term effects of exposure to environmental noise, and information on their 
observation threshold. 

 
Observation threshold Effect  

Metric Value in dB(A) Indoors/
Outdoors 

References 

Hearing impairment LAeq,24h 70 in ISO, 1990 
Hypertension Lden

 70 out HCN, 1994 
Ischaemic heart 

disease 
Lden 70 out HCN, 1994 

Annoyance Lden for %HA# 
42 

out Miedema and 
Oudshoorn, 2001 

Performance of 
children 

LAeq,school 70 out Passchier-Vermeer, 
2000 

Effects related to 
sleep disturbance 

    

Behavioural 
awakening 

 Fidell et al., 1995a; b; 
1998; Finegold and 

Elias, 2002; Passchier-
Vermeer, 2003 

Self-reported sleep 
disturbance 

Lnight for %HSD§ 
< 45 

out at the 
most 

exposed 
façade 

Miedema et al., 2003 

Increased motility, 
Motoric unrest 

Lnight, SEL 
Lmax 

Fidell et al., 1995a; b; 
1998; Ollerhead et al., 
1992; Griefahn et al., 

1999; Passchier-
Vermeer et al., 2002a 

Changes in EEG 
parameters:  

sleep pattern, 
sleep stages 

EEG-awakening 

SEL Various values in HCN, 1994; 1997 

Heart rate SEL 40 in HCN, 1994 
Hormone levels    Babisch et al., 2001 

Maschke et al., 2002 
Mood next day LAeq,night >60 out HCN, 1994 

# HA – Highly Annoyed 
§ HSD – Highly Sleep Disturbed 
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4. Annoyance 
 
Annoyance is any feeling of resentment, displeasure, discomfort, and irritation 
occurring when noise intrudes into someone’s thoughts and moods or interferes with 
activity. Noise is annoying only when it is considered not to fit with current 
intentions. Annoyance in populations is evaluated using questionnaires. In this 
section exposure-effect relationships for noise annoyance are presented (Table 4) as 
derived at TNO from a large international archive of noise annoyance studies with 
about 60,000 people exposed to environmental noise (Miedema and Oudshoorn, 
2001). 
 
Annoyance questions in different international studies do not use the same number 
of response categories. In order to obtain comparable annoyance measures for all 
different studies, all sets of response categories have been converted to a scale 
ranging from 0 to 100. In the definition of annoyance a cut-off point is chosen of 72 
for the percentage highly annoyed (%HA), 50 for the percentage annoyed (%A) and 
28 for the percentage (at least) a little annoyed (%LA). 
 
It should be pointed out that, although the expressions in Table 4 (and the curves in 
Figures 9 and 10) appear to be very exact, they represent averages over large 
populations that were chronically exposed to noise. Especially on a local level a 
prediction of the fraction annoyed or highly annoyed people based on a measured (or 
modelled) Lden-value may differ considerably from the outcome of a survey. 
 
Table 4. Relationships between annoyance and Lden (day-evening-night level) for exposure to 
various traffic noise sources in the living environment. Exposure-effect relationships relate to 
adult populations (Miedema and Oudshoorn, 2001). 
 

Exposure-effect relationship 

Aircraft (little annoyed, annoyed, highly annoyed), 
%LA = -6.158 * 10-4 (Lden – 32)3 + 3.410 * 10-2 (Lden – 32)2 + 1.738 (Lden – 32), 

%A    =  8.588 * 10-6 (Lden – 37)3 + 1.777 * 10-2  (Lden – 37)2 + 1.221 * (Lden
 – 37), 

%HA  = -9.199 * 10-5 (Lden – 42)3 + 3.932 * 10-2 (Lden – 42 )2 + 0.2939 (Lden – 42). 
Road traffic 

%LA = -6.235 * 10-4 (Lden – 32)3 + 5.509 * 10-2 (Lden – 32)2 + 0.6693 (Lden – 32), 
%A = 1.795 * 10-4 (Lden – 37)3 + 2.110 * 10-2 (Lden – 37)2 + 0.5353 * (Lden – 37), 
%HA  = 9.868 * 10-4 (Lden – 42)3 – 1.436 * 10-2 (Lden – 42)2 + 0.5118 (Lden – 42). 

Railway traffic 
%LA = -3.229 * 10-4 (Lden – 32)3 + 4.871 * 10-2 (Lden – 32)2 + 0.1673 (Lden – 32), 
%A = 4.538 * 10-4 (Lden – 37)3 + 9.482 * 10-3 (Lden – 37)2 + 0.2129 * (Lden – 37), 
%HA = 7.239 *10-4 (Lden – 42)3 – 7.851 * 10-3 (Lden – 42)2 + 0.1695 (Lden – 42). 

 
In Figure 9 the fraction of highly annoyed people, %HA, is given as a function of 
Lden using the expressions of Table 4. Figure 10 presents the variation in degree of 
annoyance due to aircraft noise. Factors with a significant impact on the 
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relationships are listed in Table 5 (Miedema and Vos, 1999), see also Guski (1999), 
Job (1999) and Stallen (1999).  
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Figure 9. Percentage of people highly annoyed by aircraft, road traffic, and railway traffic 
noise as a function of day-evening-night-level (Miedema and Oudshoorn, 2001). 
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Figure 10. Percentage of people at least somewhat annoyed, at least annoyed, or highly 
annoyed by aircraft noise, as a function of day-evening-night-level (Miedema and Oudshoorn, 
2001). 
 
The data in Table 5 explain part of the differences in predicted and measured values 
of annoyance. Here too the data pertain to group averages of chronically exposed 
populations. 
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Table 5. Factors with an effect on annoyance. The difference in annoyance between the 5 per 
cent most and 5 per cent least annoyed subgroup, converted to a difference in Lden, and the 
most annoyed subgroup (Miedema and Vos, 1999). 
 
Factor Difference in annoyance 

(converted to dB(A)) 
Most annoyed subgroup 

Gender 0 - 
Age 5 30 – 40 years 
Education 2 university 
Occupation 1 highest level 
Size of household 2 two persons 
Home ownership 2 owner 
Economic dependency on 
source 

3 not dependent on source  

Use of mode of transport 2 if mode of transport is not used
Noise sensitivity 11 highly sensitive 
Fear related to source 19 very much afraid 

 
 
5. Sleep disturbance1 
 
5.1. Introduction 
 
Sleep is an active physiological process, and not only the absence of waking. It has a 
restorative function that cannot be fulfilled by food, drink, or drug. Therefore it is 
plausible that a disturbed sleep negatively affects health (Carter, 1998; Passchier-
Vermeer, 1993a). 
 
Sleep disturbance can be described with physiological, hormonal and motility 
measures, and on the basis of self-reported observations or evaluations. This chapter 
is limited to motility, motoric unrest, self-registered (behavioural) awakenings, and 
self-reported sleep disturbance. Although several field investigations showed effects 
of night time noise exposure on cardiovascular and hormonal functions, exposure-
effect relationships for those effect variables are not (yet) available (Passchier-
Vermeer, 1993a; Ising et al., 1997; Harder et al., 1999; Babisch et al., 2001; 
Maschke et al., 2002). 
 
The instantaneous physiological, hormonal, and motility effects of noise exposure 
during sleep can be understood as follows. Noise is a carrier of information, also 
with respect to possible danger in the surroundings of a person. When noise reaches 
a person, a signal is transmitted from the hearing organ to the cortex and interpreted. 
Besides, a signal is also transferred to lower parts of the central nervous system, 
which results, in anticipation of a physical response to a dangerous situation, in 

                                                           
1 In 2004 the Health Council of the Netherlands published a comprehensive review on the relationship 
betwee environmental noise exposure, sleep and health (Gezondheidsraad. Over de invloed van geluid op 
de slaap en de gezondheid [The Influence of Night-time Noise on Sleep and Health]. Den Haag: 
Gezondheidsraad; 2004; Publicatie nr 2004/14. In Dutch and English.) 
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instantaneous changes in autonomous functions. Changes are for example an 
increase in stress hormones and cortisol levels in blood, an increase in heart rate and 
blood pressure, an increase in muscular tone which induces small movements. When 
the situation has been interpreted as safe, the autonomous functions return to their 
earlier equilibrium. These instantaneous noise-induced changes in autonomous 
functions have long-term effects on sleep quality, and presumably also on health 
(Carter, 1998; Passchier-Vermeer et al., 2002a; Born and Fehm, 2000). This process 
occurs during sleep at low noise levels of a noise event, if low background noise 
levels do not mask the presence of such a noise event. 
 
5.2. Self-reported sleep disturbance 
 
Self-reported sleep disturbance in populations is evaluated by using questionnaires. 
Relationships between self-reported sleep disturbance and night time noise exposure 
have been assessed at TNO from the large international archive of noise annoyance, 
including sleep disturbance, studies mentioned above. Relationships between self-
reported sleep disturbance and Lnight at the most exposed façade outside dwellings 
are given in Miedema et al., (2003). Analogously to the definitions of %HA, %A, 
and %LA, the percentages of sleep disturbed persons (%HSD, %SD, and %LSD) 
have been specified as a function of Lnight. In Figure 11 self-reported sleep 
disturbance has been presented for road traffic and railway traffic from Miedema  
et al. (2003). Since a relationship for aircraft noise could not be assessed by using 
the analysis technique described in Miedema et al. (2003), a preliminary relationship 
for aircraft noise is included in Figure 11 (HCN, 1994). In Figure 12 the variation in 
self-reported sleep disturbance is given.  
 
The relationships between self-reported sleep disturbance and Lnight at the most 
exposed façade are given in Table 6. The curves in Figure 11 and Figure 12 
demonstrate that, in terms of self-reported sleep disturbance, noise - and more 
specifically traffic noise exposure - clearly affects sleep, even at not uncommon 
outdoor levels. 
 
Table 6. Relationships between self-reported sleep disturbance and the outdoors noise level 
Lnight for road and railway traffic (Miedema et al., 2003). 
 

Only a preliminary  relationship for aircraft noise 
Road traffic (highly sleep disturbed, at least sleep disturbed, at least a little sleep disturbed 

(Lnight between 45 and 65 dB(A), at the most exposed façade),  
%HSD =  20.8 – 1.05Lnight  +  0.01486Lnight

2 

%SD =  13.8 – 0.85Lnight  + 0.01670Lnight
2 

%LSD = -8.4 + 0.16Lnight  + 0.01081Lnight
2, 

Railway traffic (highly sleep disturbed, at least sleep disturbed, at least a little sleep 
disturbed (Lnight between 45 and 65 dB(A), at the most exposed façade),  

%HSD =  11.3 – 0.55Lnight  +  0.00759Lnight
2 

%SD =  12.5 – 0.66Lnight  + 0.01121Lnight
2 

%LSD =  4.7 – 0.31Lnight  + 0.01125Lnight
2. 
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Figure 11. Percentage of people highly sleep disturbed, as a function of the outdoors night 
time equivalent sound level (Road and railway traffic: source Miedema et al., 2003; Aircraft 
noise, preliminary relation; source HCN, 1994). 
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Figure 12. Percentage of people at least somewhat sleep disturbed, at least sleep disturbed, or 
highly sleep disturbed by road traffic noise, as a function of the outdoors equivalent sound 
level during the night (Miedema et al., 2003). 
 
5.3. Behavioural awakening 
 
Behavioural awakening during a sleep period is usually registered by a person by 
pressing a button after intermittent awakening. Passchier-Vermeer (2003) reanalysed 
the data from eight studies (see also Fidell et al., 1998; Finegold and Elias, 2002). 
Figure 13 shows the percentage of noise-induced reported awakenings by pressing a 
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marker in a 5-min interval around a noise event as a function of indoor SEL of the 
noise event. The data are shown for four types of sources. The 110 data points in 
Figure 13 represent over 110 000 5-min intervals with noise events. A relationship 
between behavioural awakening and indoor SEL is being derived taking into account 
the data quality of the separate studies (Passchier-Vermeer, 2003). Table 7 gives the 
overall result. In all 113 157 5-min intervals with noise events, the total number of 
awakenings is 2058 (1.81 per cent), including 100 noise-induced awakenings. 
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Figure 13. Percentage noise-induced awakenings, assessed by pressing a marker, as a 
function of indoor SEL, for four types of noise sources. For the explanation of the 
abbreviations see Table 7. 
 
Table 7. Number of 5-min intervals with noise events and number of noise-induced marker 
pressings during these intervals, specified according to source (Passchier-Vermeer, 2003). 
 

Number of awakenings during the 5-min 
intervals with noise events 

Source Number of 5-min 
intervals with noise 

events All Noise-induced# 
Commercial aircraft 95365 1691 41 
Military aircraft 4104 119 48 
Road traffic 12793 233 12 
Railway traffic 895 15 -1 
Total 113157 2058 100 
# Calculated as the number of all registered awakenings (third column) minus the predicted 
number of awakenings if no noise event would have been present in the interval 
 
Table 7 shows a very low percentage of behavioural awakening (1.82 per cent) and 
of noise-induced behavioural awakening (0.09 per cent) during the 5-min intervals 
with noise events. This is in line with the finding in Passchier-Vermeer et al. 
(2002a) about awakenings which subjects remember after wake-up. On average 0.32 
per cent extra remembered aircraft noise-induced awakenings during a 5-min 
interval with aircraft noise were assessed. For commercial aircraft noise a reliable 
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relationship between percentage noise-induced behavioural awakenings and indoor 
SEL could be specified (Passchier-Vermeer, 2003). The probability of noise-induced 
behavioural awakenings increases from indoor SEL equal to 54 dB(A) upwards. 
 
 
5.4. Motility 
 
5.4.1. Instantaneous Effects 
 
Actimetry has been used in the last decade to monitor sleep disturbance in large field 
studies with subjects sleeping at home exposed to the usual aircraft, road traffic or 
railway noise (Ollerhead et al., 1992; Horne et al., 1994; Fidell et al., 1996; 1998; 
Griefahn et al., 1999; Möller et al., 2000; Passchier-Vermeer et al., 2001a; b; 2002a; 
b). In these studies, also the night-time noise exposure has been assessed and related 
to motility measures. 
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Figure 14. Probability of noise-induced motility during the 15-s interval with indoor Lmax, as 
a function of indoor Lmax (Passchier-Vermeer et al., 2002a; b). 

 
In these studies it is demonstrated that the human body does react to the night time 
noise event already at very low noise levels and even when the noise exposure is not 
remembered (see also 5.1). This is illustrated in Figure 14, in which it is shown that 
aircraft noise-induced increase in probability of motility during the 15-s interval 
with indoor Lmax of an aircraft flyover starts on average from indoor Lmax of 32 
dB(A). The small movements (motility) have been measured with actimeters, worn 
on a wrist (Passchier-Vermeer et al., 2001a; b; 2002a; b). In the Netherlands sleep 
disturbance study, motility of subjects while asleep occurs in 3.3 per cent of the 
measurement intervals of 15-s in the absence of aircraft noise, i.e., the probability of 
motility during sleep in the absence of aircraft noise was 0.033. Figure 14 shows that 
during aircraft noise events with higher values of Lmax, noise-induced increase in 
probability of motility is about twice the probability in the absence of aircraft noise. 
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5.4.2. Long-Term Motility Effects 
 
Motility during sleep is related to Lnight and to many variables of sleep and health. 
Average motility (motoric unrest) during sleep is higher in situations with a 
substantial number of noise events during sleep. This is not only the result of the 
instantaneous increase in motility during noise events, but increased motoric unrest 
also occurs during the quieter parts of sleep. 
 
Motility during sleep is also associated with responses to questionnaires and in 
diaries (Passchier-Vermeer et al., 2002a). Significant associations have been found 
between mean motility during sleep and the following variables: 

- number of behavioural awakenings during sleep period time,  

- number of awakenings remembered the following morning,  

- self-reported frequency of awakening due to aircraft noise, assessed by 
questionnaire,  

- sleep quality reported in a morning diary,  

- self-reported sleep quality assessed by questionnaire,  

- number of sleep complaints assessed by questionnaire,  

- number of health complaints assessed by questionnaire. 
 
These associations show that motoric unrest is an important descriptor of sleep 
quality. They also suggest that chronic exposure to noise during sleep may affect 
health and well-being. 
 
 
6. Noise situation and differences in noise sensitivity in Europe 
 
The European Environment Agency estimates that about 120 million people in the 
EU (32 per cent of the total population) are exposed to road traffic noise with Lden 
over 55 dB(A), 19 per cent to Lden between 55 and 65 dB(A), 11 per cent between 65 
and 75 dB(A) and 2 per cent over 75 dB(A) (EEA, 1999). About 10 per cent of the 
EU population is exposed to railway noise with Lden over 55 dB(A) (EEA, 1999). 
These figures are rough estimates. The extent of exposure to aircraft noise in the EU 
is most uncertain. Table 8 gives the number of people exposed to Lden values over 55 
dB(A) around selected airports. According to EEA (1999) 10 per cent of the EU 
population is highly annoyed by aircraft noise. This corresponds, according to the 
relationships between annoyance and Lden given in this chapter, to about 6 per cent 
of the EU population being exposed to aircraft noise with Lden over 55 dB(A).  
 
Taking into account that a fraction of the EU population is exposed to more than one 
environmental noise source, a rough approximation of people in the EU exposed to 
environmental noise with Lden over 55 dB(A) is 40 per cent.  
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Table 8. Estimate of number of people exposed to aircraft noise with Lden over 55 dB(A) 
(M+P Raadgevende Ingenieurs, 1999). 
 

Airport Number of people 
Heathrow, London  440 000 
Fuhlsbüttel, Hamburg  123 000 
Charles de Gaulle, France  120 000 
Schiphol, Amsterdam   69 000 
Kastrup, Copenhagen   54 000 
Barajas, Madrid   33 000 

 
In many instances, especially if road traffic noise is the predominant noise source, 
the differences between day time and night time noise levels are similar and Lnight is 
about 10 dB(A) lower than Lden. This implies that about 150 million people in the 
EU are exposed to night time environmental noise with Lnight over 45 dB(A). We 
want to underline that higher exposure during daytime and higher exposure during 
night-time are correlated and thus affect the same people. 
 
Although it is interesting to estimate from these exposure data the resulting 
annoyance and sleep disturbance in the EU, this is too risky, since the extent of 
exposure below 55 dB(A) is unknown and the distribution of noise exposures above 
55 dB(A) too uncertain to obtain a reliable estimate. 
 
One might ask whether there are regional differences between the effect of (traffic) 
noise exposures. In 2001 the Technical University Berlin (TU, 2001) presented a 
state of the art review on traffic noise pollution, similarities and differences between 
European regions. They found that, apparently, the exposure-response relationships 
for annoyance do not differ systematically between different European regions. 
 
 
7. Conclusion 
 
This chapter provided an overview of the relationships between annoyance, aspects 
of sleep disturbance, and environmental noise exposure. The exposure-effect 
relationships show that people start to be highly annoyed at Lden over 55 dB(A) and 
report to be highly sleep disturbed at Lnight lower than 45 dB(A). Taken into account 
that about 150 million people in the EU are exposed to these and (much) higher 
noise levels, environmental noise is a serious and great threat for the well-being of 
people in the EU. 
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Summary 
 
Psychological well-being is often considered different from health while in fact 
psychological and physiological effects are part of the same continuum and often 
cause each other. Apart from that psychology helps us to understand and moderate 
attitudes and behaviour concerning transport and mobility patterns. Although 
psychology can contribute to the transport-and-health debate it is still in need of 
better quantitative data. Personal traits and coping styles as well as other personal 
factors obtained by questionnaires and standardised psychological tests must be 
considered when studying environmental health effects. Census data in many 
countries as well as a lot of studies provide data on annoyance, fears, and 
expectations as well as behavioural adaptations in connection with the physical 
environment. Details on the prominent example of noise annoyance are given in the 
chapter on “environmental noise, annoyance and sleep disturbance“. 
 
However, not only psychological effects in the individual are to be considered. The 
impact is also visible on the community level. While certain transport facilities are 
necessary for the prosperity and social status of a society, increasing transport 
volume will increase disparity, segregation, and isolation. Communities with higher 
transport noise exposure have been shown to develop fewer social contacts and are 
prone to more aggressive behaviour.  
 
There is need for further research to better bridge the different disciplines that deal 
with the impact of our built environment. This need must not be used as an excuse to 
postpone policies to support more sustainable modes of transport. On the contrary 
those policies are urgently wanted and they should be accompanied by a close 
scientific evaluation and a documentation of the expected (and eventually 
unexpected) effects. Only a close cooperation of politics and science with a better 

 © 2005 Springer. Printed in the Netherlands. 
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integration of social and natural sciences will in the end satisfy our needs without 
increasing the burdens for today and the future.  
 
 
1. Introduction 
 
The importance of psychological and social factors in the cross-cutting issue of 
transport, environment, and health is well recognised by WHO (2000). However, a 
more structured approach and integration of social sciences is still needed. In a 
multi-national project from Austria, Switzerland, The Netherlands, France, Sweden, 
and Malta in the framework of the WHO-UNECE “Pan-European Program on 
Transport, Health, and Environment (THE PEP)” our Austrian team (sponsored by 
the ministries of environment and of transport) was responsible for the psychology 
part. We received also valuable input from teams of the other countries. 
 
This paper sets out to collect existing concepts and ideas that bring the views of 
social sciences into the debate on “transport and health”. Different scientific cultures 
hamper the dialog between social and natural sciences. For this paper medical 
doctors with a natural sciences background and psychologists with a social sciences 
background tried to work together which certainly was rather challenging. While we 
were not able to provide a holistic view of the topic we tried to highlight some 
important aspects to encourage further research and interdisciplinary debate. 
 
The whole multi-national project was organised following the WHO (2000) booklet 
on Transport and Health in that each chapter of the WHO booklet was assigned one 
working group respectively, one responsible lead country. In the WHO booklet the 
chapter on “mental health and well-being“ serves several goals. One is the reminder 
of the broader WHO approach towards health: Health is not only the absence of 
disease but well-being of body and soul as well. In this respect psychosocial effects 
are seen as sort of “soft” effects that are not as easily quantified as the “hard” effects 
measured in deaths, disease outcome, or physical properties (like blood pressure or 
airways resistance). Thus WHO discusses psychological effects that precede disease 
(e.g. stress from noise preceding cardiovascular disease) and psychological problems 
following “hard” health effects (e.g. posttraumatic stress disorder). WHO argues that 
these psychosocial effects are as important as the bodily health effects although 
more difficult to study and to quantify. One key aspect of the multi-national project 
was the monetary evaluation of the health effects of transport. In agreement with the 
WHO conclusions we found this a rather difficult task for our topic. To structure our 
work we decided to investigate 4 issues concerning the psychological and social 
aspects of transport and health: 

 
(1) “Well-being”, an integral part of the WHO definition of health, is a key 

concept in this discussion. Though normally defined negatively as the 
absence of physical health burdens, well-being also means e.g. the possibility 
of taking part in social life, having social support, not suffering from 
violence, having no fear, being in a good temper, and having the feeling of 
power and self efficacy. The term implies that there is more to health than the 
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absence of disease or disability. It is a synonym for a good quality of life. 
The psychological and physical aspects of well-being are difficult to 
disentangle because physical damage causes mental responses (pain, anguish, 
distress) and psychological disturbances lead to physical ill-health. 

 
 It is sometimes believed that psychological effects are less important than 

“true” health effects. So for example Austrian legislation makes a distinction 
between “impact on health” and “annoyance“. In the “Gewerbeordnung” (the 
Austrian business law) it is stated that an enterprise – as an example from the 
transport sector one could think of a garage – must not by all means endanger 
the health of an average human being. Annoyance on the other hand must not 
be unreasonable or unduly high. When the impact of an enterprise on the 
neighbourhood is only recognised after the launching of the enterprise only 
threats to health can force a cutting of emissions.  

 
The same imbalance between physical health and psychological well-being 
can also be seen in the WHO 2000 Environmental Health Indicators: While 
lead emissions from cars are still mentioned as an important indicator (among 
other traffic-related air pollution indicators and accidents) noise is the only 
psychosocial health indicator that is related to transport. Even noise limit 
values cited in this indicator list are derived from “hard” health effects like 
cardiovascular diseases and not from psychosocial surveillance and 
questionnaire data although it has been argued (Fidell, 1992) that 
questionnaire-based assessments of environmental noise annoyance are at 
least as easily conducted and more relevant than sophisticated monitoring 
schemes of sound pressure levels. 
 
So both national and international bodies still rely on conventional health 
data rather than on psychosocial impact estimates. However, in reality there 
is no clear cut line between medical and psychological effects. Even 
concerning economic impact, the psychological effects (e.g. learning ability 
of children impaired by noise stress, aggressive behaviour and fewer social 
contacts, decreased intelligence due to lead pollution) could turn out to be 
more important and more lasting than classical health effects. 

 
(2) The topic also offers the opportunity for a discussion of the more complex 

interactions of traffic related impact: infrastructure and design of our cities, 
less space for our children and for communication, perceived dangers and 
resulting change in mobility and social behaviour. Because these complex 
interacting stresses are distributed unevenly among different groups (and 
because the less privileged groups are less able to adjust to additional stress) 
psycho-social effects also raise the question of environmental justice. 

 
While noise annoyance is mirrored by health effects (like stress-related 
diseases) some important social effects are totally neglected when 
concentrating on conventional health parameters. These include both 
beneficial and detrimental consequences. Modern transport infrastructure 
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provides improved facilities for the mobility of the majority of people 
(beneficial effect) but a large minority (children, elderly persons, poorer 
families, parents with their children, handicapped persons) in certain 
circumstances are hindered in their mobility at the same time. Not only those 
people that do not own or use a car themselves but even the “motorised” 
persons suffer from traffic jams and lack of parking space and perceive the 
negative impacts of traffic on their health, freedom, mobility, and well-being. 

 
(3) A third issue are differences in the perception of problems and benefits of 

transport. Those who are involved personally often experience feelings not 
expected by the experts. For example in noise studies it has been shown that 
the measures usually applied to define noise exposure (e.g. energy equivalent 
average a-weighted sound pressure level) are no good predictors of the 
amount of annoyance. Personal factors like attitude towards the source of the 
noise, psychological traits like noise sensitivity or neuroticism or life history 
events play a role. Also several aspects of the noise itself must be considered 
like the number and temporal distribution of single noise events, qualitative 
aspects of noise like frequency distribution and information content, and way 
of noise transmission. 

 
(4) Another aspect of transport and psychology is less thoroughly covered in the 

WHO booklet: What can psychology tell us about the motives of people 
opting for one mode of mobility or another? How is knowledge about 
problematic behaviour transformed into action? What makes people and 
decision makers decide the way they do? The beneficial effects of mobility 
and the gains through certain mobility patterns should be stressed more 
because of the motivational impetus derived from it and the need for a 
balanced basis for future decisions.  

 
 
2. “Hard” and “soft” health effects 
 
Perception of risks and the fear of accidents are important psychological factors. 
Reduced health as a consequence of trauma or diseases due to air pollution has 
relevant psychological side effects also. In a recent study (Moshammer and 
Neuberger, 2003) on the health effects of fine particles on school children in Linz 
we investigated both pulmonary function and subjective health complaints. 
Subjective complaints (like disturbed nights due to coughing or reduced bodily 
activity due to shortness of breath) in a subgroup of vulnerable (asthmatic) children 
are as closely linked to air pollution data as “hard” physical measures. In this study 
an interaction of personal and situational (environmental) variables is evident. 
 
Psychological and social effects result from the combined impact of several sources. 
Susceptible subgroups are of special interest and environmental justice as well: It’s 
the underprivileged person that cannot adapt to environmental burdens. Social 
deprivation and poorer environmental state of the neighbourhood often interact 
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(Bolte et al., 2002). This is important to notice both for policy decisions and for 
study design when looking into causal and quantitative associations. 
 
Physical and psychological health are always linked together. Every health related 
aspect of traffic (like noise, air pollution, accidents, physical activity, and climate 
change) has a psychosocial impact also: The literature on noise very extensively 
deals with annoyance (see chapter 1.1.1 on noise in this book). Some studies have 
been conducted (e.g. in Austria by Lercher and Kofler, 1996) on learning ability and 
success at school. Noise served as an indicator of traffic exposure. But certainly 
noise is not the only factor that for example leads to reduced tolerance against 
frustration. Perceived air pollution (inhaling of traffic fumes) in a study by Lercher 
et al. (1995) had a greater impact than noise and the measured air pollution on self-
reported well-being. Accidents cause long-lasting post traumatic stress syndromes 
and even the fear of accidents influences social behaviour. Reduced physical activity 
has been shown to affect mood and the psycho-motor development of children 
(Hüttenmoser, 1995). There are increasing fears that climate change will lead to an 
increase in migration which would have severe effects on the social stability of 
whole communities. These few examples show that psychological effects can both 
precede and follow physical effects. 
 
Noise annoyance or disturbed sleep is often viewed not as “bad” as death, disease, or 
injury. The Swiss BUWAL (2002) used an interesting approach to deal with this 
disparity. By defining a (small though measurable) disability adjustment per life 
year from disturbance of sleep and interference with communication they found that 
for Switzerland psychological effects of transport are as severe as cardiac and 
respiratory diseases from air pollution and even much more important than 
cardiovascular health effects of noise. The reason for this is the great number of 
people affected. But this approach also makes it clear that it is not so important to 
get very accurate estimates of each impact but to reach a socio-political agreement 
about the (relative) importance of the effect. The WHO concept of Disability 
Adjusted Life-Years (DALY: Murray, 1996) does not include Disability Weights for 
“minor” health effects like sleep disturbance or interference with speech. So an 
expert panel of medical doctors from the Swiss Workers Compensation Board was 
asked to rate these effects following the WHO principles. The weights for similar 
effects like minor forms of bronchial asthma (inducing some sleep disturbance at 
night) or slight hearing impairment were indicated for comparison reasons. The 
arithmetical means of forty-one ratings (0.033 for interference with speech, 0.055 
for disturbance of sleep) were multiplied by the number of people additionally 
suffering from each effect under the assumption of an increase in transport volume 
by 1000 km (both for day and night and for passenger and freight road transport). 
Per 1000 km of passenger cars driven in Switzerland in the daytime a loss of 
0.00013 DALYs was estimated due to interference with speech. The estimates for 
the night (due to sleep disturbance) amounted to 0.0027. Every 1000 km of freight 
transport were estimated 10 times higher (0.0013 and 0.026 DALYs respectively). In 
contrast overall noise effects on cardiac infarction were rated about one magnitude 
lower (with a greater range of uncertainty concerning the dose-response relation). 
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Another important psychological effect that was raised in the discussion within our 
expert group is that of perceived safety. This is of great concern especially for 
elderly people. Also for the children and their parents this is a vital issue (Körmer, 
2002). Fear of accidents tends to increase individual motorised traffic because 
people do not dare to use a bicycle even for short distances. For a more detailed 
discussion of perceived and accepted risk see also Klebelsberg, (1982), Wilde 
(1974), and Schmidt (1994, 1995). It is important to note that scientists have a 
concept and understanding of risk different from the general population. While in 
risk management risk is defined by probability and magnitude of effect, lay people 
tend to rate risks in categories like familiarity, preventability, locus of control, social 
distribution of gains and (possible) losses, possibilities of individual counter-
measures, etc. Magnitude of a possible effect generally gets more weight in the 
public perception than the probability of its occurrence. In general, motorists would 
rate the risk of accidents lower but this attitude would change in case of an actual 
accident in which oneself or near relatives are involved. 
 
 
3. Measuring psychological impact 
 
Epidemiology as a discipline of natural sciences seeks to find associations between 
single variables. For example an investigator might be interested in finding the 
association between noise exposure and blood pressure. He is very keen not to 
confound his results by socio-economic status, air pollution and psychosocial 
conditions of the population under study. But in true life noise and air pollution from 
the same source and the economic and social position of the exposed individuals are 
interlinked and act together and exert their impact. For policy action it is less 
important if the ultimate reason for an increased rate of high blood pressure comes 
from noise or another factor that is strongly connected with the source of the noise. 
The mere fact that one group of people is more prone to disease than another should 
by itself lead to preventive action.So much the better when noise is a good indicator 
of a detrimental situation. If it is also the causative factor this is often of theoretical 
interest only. In that sense there is danger from over-controlling in epidemiology. 
One might be interested in the contribution of a certain environmental factor (e.g. 
noise) to a special disease (e.g. ischaemic heart disease). We know that certain 
personal traits and behaviour or the socio-economic status of a person contribute to 
this risk. Therefore, we control these known risk factors so as to be able to calculate 
the contribution of noise. But what if environmental noise leads to a certain harmful 
behaviour or to a less supportive social environment? What if persons at risk (for 
several reasons) are less able to cope with noise stress or even do not have the 
financial means to find a less noisy living place? Actually the important risk factors 
are linked with each other and by looking at each risk factor separately (by 
controlling the others) we risk missing this important interaction! 
 
The study of psychosocial impacts soon leads to the complicated interaction of 
causes and effects. A certain exposure (e.g. noise) might have psychological (e.g. 
annoyance) or sociological effects (e.g. aggressive, less supportive social  
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environment). Personal traits and coping styles as well as the social environment 
might help to mitigate the unwanted impact of noise. Psychological effects while 
being true health effects themselves might result in more permanent biological 
effects mediated by stress hormones. Functional and morphological diseases always 
have consecutive psychological effects also. By our behaviour we increase or 
decrease the amount of exposure (our own and that of other people). Psychological 
and sociological causes for our behaviour (motives) have to be studied more 
thoroughly. 
 
Psychological effects are traditionally measured with questionnaires. These 
instruments often provide binary data only (yes/no) or quite a coarse scaling. So 
often only non-parametric tests can be applied which make it difficult to quantify a 
dose-response relation. Even though the questionnaires provide a scaling, it is often 
difficult for medical doctors to interpret the findings. Psychologists have their own 
methods of validation of questionnaires. On the other hand psychologists might find 
it difficult to understand the clinical meaning of biological measures like lung 
function values or blood pressure. Many of the questionnaire studies are of a cross-
sectional design. Therefore it is not always possible to discern cause and effect. This 
lies at the bottom of the debate on the interrelation of annoyance and sensitivity 
towards noise: Does repeated annoyance (under certain circumstances) introduce an 
increased sensitivity or is sensitivity a personal trait which makes a person more 
prone to feel annoyance under certain pressures? This is also interesting because 
noise sensitivity is correlated with certain psychiatric disorders. So while reported 
noise annoyance and noise sensitivity are also correlated with each other the debate 
is still open whether noise induces annoyance (this is quite clear) and in that way 
leads to sensitivity and further to disease or if a certain trait and habit would lead 
both to an increased risk of disease and a higher degree of annoyance. 
 
In any case individual psychological traits, behaviour and coping strategies are 
important covariates to be considered when studying environmental health impacts. 
The negative impact of transport on annoyance, well being, sleep disturbance, 
impaired mood, and so on are well acknowledged in noise research (see chapter 
1.1.1 on noise in this book). The more complex and indirect interactions are not so 
well documented. 
 
There are several data sets that contain information on some aspects of 
psychological effects. Good examples are the census data on annoyance ratings (e.g. 
Austrian micro-census or Eurobarometer data on environment perception, spring 
2002). From Austrian census data (the last census on perception of environment and 
environmental attitudes was performed in December 1998) it is known that the most 
often recognised environmental stress factor is noise followed by odour annoyance 
and air pollution (dust, soot). The most important source of noise is traffic (80 
percent) with the majority stemming from road traffic (heavy road vehicles and 
private cars roughly equally responsible). Road traffic covers the whole area while 
other sources of noise are typically spot sources or at least confined to small 
corridors (e.g. railway noise). Road traffic noise therefore has the broadest impact on 
society. Yet, the impact of the other sources must not be neglected. 
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A similar approach is possible for other secondary psychological and social effects. 
For example there are data on health effects of air pollution. These effects have an 
impact on the well-being, activity and performance of the patients. There are data 
from some studies on children’s reduced mobility and activity due to respiratory 
disease caused by air pollution and the rate of subjective health symptoms and 
reported impairment of sleep due to noise or to cough (caused by air pollution 
episodes). 
 
The existing data and data gaps shall be outlined using the examples the WHO gave 
in the booklet on Transport & Health (2000) in the chapter on mental health and 
well-being: 
 
Effects of lead: It is well known that lead even in small quantities has an adverse 
effect on the cognitive development of the unborn and new born child. Leaded petrol 
until recently contributed to the overall environmental load of lead. However, 
nowadays in most European countries only unleaded petrol is sold and it is being 
phased out in other countries. So leaded petrol is a threat of the past. 
 
Posttraumatic stress from accidents: From several studies the amount of 
posttraumatic stress disorder in children after a traffic accident is known (Goldberg 
and Gara, 1990;  Green et al., 1993).  Hence from the statistics on road accidents  
the number of children and/or adults with posttraumatic stress disorder could be 
estimated. It is easy to compile data on road accidents.  It is not so clear how  
to define “posttraumatic stress” and from which point on this does constitute a 
“disorder” or a “psychiatric problem”? Normal psychological reactions that follow 
danger, pain, and injury can also be quite painful. On the other hand these reactions 
can lead to a more cautious and adequate behaviour. The direct impact of accidents 
on well-being is important but the interpretation of quantitative data should be 
performed with caution. The issue of posttraumatic stress is an excellent example 
that not the number of individual “cases” is difficult to estimate but the evaluation of 
each case e.g. in monetary terms.  
 
Aggression and nervousness: There are some interesting studies internationally. 
Most of them look at noise as an exposure parameter (Novaco et al., 1990, Mayer 
and Treat, 1977). Some findings suggest that it depends on the special regional 
situation if a given noise exposure is perceived as annoying. For example in an 
urban setting there are usually more possibilities for adaptive and protective 
measures than in the countryside. Even more important in that instance are the pre-
existing social bonds within a community. It is nearly impossible to disentangle the 
causal relationships between social situation, environmental state, and behaviour of 
the inhabitants of a community: Transport noise reduces the perceived quality of the 
neighbourhood. This has a direct effect on well-being and aggressive behaviour. But 
it also has an indirect impact on the social background of the inhabitants through 
market forces: lower prices attract poorer people. These can less afford protective 
and adaptive measures. They even cannot fight new traffic as easily as the well-off. 
So to what degree is it the traffic noise that leads to psychosocial stress and to what 
degree is it the social background that leads to aggressiveness and to more stress? 
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The same as above holds true of the items “reduced social life” and “constraints on 
child development”. These items constitute a real problem but it is not scientifically 
just to quantify the impact on the whole country by extrapolating from rather few 
and special studies. 
 
Mental health benefits of exercise: This is a proven fact (see chapter 1.3.1 on 
physical activity in this book). But is it traffic that reduces exercise or is it a 
sedentary lifestyle that calls for more traffic? Certainly a “car-friendly” environment 
discourages travelling and cycling. Still individual decisions, habits, and motivation 
as well as cultural influences (advertising!) play an important part and so no linear 
dose-response relationship should be expected. 
 
 
4. Assessment of the state of the environment 
 
There is a manifest inequity concerning living conditions, transport facilities, access 
to public services, opportunities of work and environmental conditions like air 
pollution or noise. This inequity can be summarised in terms of poor environmental 
quality. Such conditions can be documented and their impact on quality of life can 
be assessed by looking at the relation between objective equipment and services, and 
the perception and evaluation of the quality of life by specific populations.  
 
Numerous researches analysed the relation between stress and somatic and/or 
psychic disorders (Totman, 1983). Some of this research is based on lists of “life 
events” (Dohrenwend and Dohrenwend, 1978) others analyse the individual’s 
relation with “events, daily life problems, perceived as irritating, frustrating or 
anxiogeneous”. These latter approaches seem to be better predictors of well-being 
and health. Among six factors (professional sphere, environmental preoccupations, 
family sphere, work overload and excess of responsibilities, concern about one’s 
body, and the management of daily life), environmental concerns are ranked as the 
most worrying, followed by the management of daily life. Similarly, among the 
twenty most disturbing stress factors in our industrialised society identified by the 
“Hassle-scale” of Lazarus, the two factors cited by the majority of subjects are (1) 
health problems of a family member, and (2) air pollution. These two factors affect 
women more than men (women feel more often and more severely affected; 
Badoux-Lévy and Robin, 2002). This is true whatever the size of the municipality. 
 
Confronted with an undesired situation, the individual can efficiently cope 
(protecting himself, for instance), and thus show a successful adaptation. But the 
individual can also engage in several coping processes, which turn out to be 
unsuccessful, or even find it impossible to cope, which augments the adversity of the 
situation. This is the characteristic of a stress situation, which leads to discomfort, 
annoyance, and in some cases to complaints (Moser, 1992). One can therefore ask 
where the limits of acceptability are in terms of environmental qualities; from where 
on are adaptive strategies no longer sufficient to cope with the noxious situation? 
What is the threshold for the expression of annoyance or complaints and in what 
objective life conditions are they expressed? 
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Furthermore, the environment is not just a figment of our imagination or a social 
construct; it is real. In the first place the environment has a physical manifestation in 
order to confer meaning; it embodies the psychology of those who live in it. It is 
used to confer meaning, to promote identity, to locate the person socially, culturally 
and economically (Moser and Uzzell, 2003). In that context, research implementing 
social representations is of particular importance when looking at people-
environment relations. Their dynamics can only be understood through systematic 
social representation studies. Only through the knowledge of the social 
representations of well-being and quality of life of specific populations in particular 
environmental contexts, can we assess people’s values, meanings and worldviews 
and therefore understand and explain their impact on their individual relation to their 
environment. A shift from attitudes and perception studies to the assessment of 
environmental values and their ideological background should provide a better 
understanding of an individual’s behaviour in a specific situation or environment.  
 
This methodology would lead to focus on behavioural explications at a more general 
level than the one classically addressed until now. Culture-specific worldviews are 
the necessary conditions for the understanding of individual needs and expectations. 
The relative lack of integrative theories in environment-behaviour matters can be 
seen as a consequence of not taking into account those cultural particularities. 
Looking at individual needs in order to identify conditions of well-being and 
satisfactory quality of life, permits to integrate cultural differences in a general 
theoretical framework. Such attempts have been successfully performed and give 
promising results concerning, for instance, the conditions of ecological behaviour 
(Poortinga et al., 2002). Worldviews bring coherence in the individual and social 
differences of attitudes and behaviour towards the environment, help to understand 
individual exigencies of quality of life, and provide a framework for interventions to 
preserve people-environment congruity. 
 
 
5. The psychology of the “homo automobilicus“ 
 
Transport patterns are not the sole factor that affects psychological well-being. Also 
psychological traits affect the choice of transport modes. Human psychology is 
necessary for the understanding of the behaviour of drivers and others interacting 
with each other on the roads or in public transport. Expectations of the peer group, 
needs generated by advertising, and unquestioned habits often have a stronger 
influence on individual behaviour than rational considerations and cost-benefit 
analyses. “Speed” is not just a parameter of pure physics (distance per time) but also 
is associated with feelings of power, superiority, and joy. On the other hand risk and 
dangers might not only raise negative feelings but also those of thrill, adventure and 
bravery. Gender and age-specific differences in accidents and risk behaviour give 
ample proof to this fact. 
 
Our civilised society leaves little room for aggressiveness in direct social 
interactions. While driving a motor vehicle the opportunity for interacting with each 
other on a basically impersonal level (usually without eye-contact although in short 
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distance) encourages aggressive driving styles. Speed then becomes a competitive 
value and the highway replaces the sports arena.  
 
Transport policies often tend to fall into the trap of misinterpreting the wants of 
societies for the needs of societies. But ever more room for individual motorised 
traffic, free choice of individual speed on all roads, and an ever increasing capacity 
of the road network generate even more demands. Abatement of bottlenecks in one 
part of the road system will thus lead to new problems in another part.  
 
The reputation of public transport is often rather low. Part of this bad reputation is 
permitted but in many instances this is just a case of misperception. Even the 
number of regular users of public transport is often heavily underestimated. Use of 
public transport is often seen as caused by a lack of alternatives. But in fact public 
transport offers more alternatives than the private car. A sophisticated use of 
different means (including physical active modes of mobility, public transport, as 
well as semi-private (e.g. car sharing) and private motorization demands greater 
skills and offers more opportunities. 
 
 
6. Conclusions 
 
6.1. Scientific research needs 
 
Psychological and socio-economic parameters are correlated both with exposure and 
with health outcome. The possible causal connections are manifold: 

1. Perceived exposure leads to psychological reactions (e.g. annoyance) 
2. Psychological stress causes bodily reactions and acts as effect mediator 
3. Socio-economic status influences both load of exposure and health 
4. Personal behaviour and community interactions are influenced by 

environmental stressors 
5. Ill health has psychological and social consequences 

 
Thus psychological, social, and economic parameters should be monitored regularly 
in studies on the interaction of environment and health. Until now this has been done 
rather unsystematically because there is a lack of standardisation of the parameter-
set. Even the data monitored are difficult to interpret in the epidemiological context: 
The complicated interactions don’t allow simple assumptions on linearity and 
causality. It is not so clear if psychological and socio-economic parameters should 
be handled as confounders, co-factors, outcome variables, or indicators of exposure. 
Overmatching and under-controlling are both to be avoided. 
 
Obstacles to overcome these scientific restrictions should be considered on two 
levels. The first concerns the methods of quantification and comparability of 
psychological data. The intern validity of the data can be controlled but it is not so 
straightforward to assure extern validity and comparability between different 
cultural, socio-economic, and language settings. Even in the same language context 
the connotation of a word or the relative meaning of a certain income or property 
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could differ to a large extent. These differences hamper the development of a 
standard data set on psychological and socio-economic parameters. 
 
The second level is of a more profound nature: There is a lack of integration of 
natural and social science. The dualism of body and soul is deeply rooted in our 
current paradigm. Even when speaking about the same phenomenon the two 
approaches of science use different terms or the same terms might have a different 
meaning. Natural and social sciences do use slightly different tools (e.g. statistical 
methods) to handle their problems. A sort of meta-theory is needed that overcomes 
the dualism both in our perception of the world and in our methodology. Only this 
would enable us to understand all interactions and develop a coherent theory on the 
impact of the entire environment (both natural and social) on our health (in its 
broadest sense). Only then will we be able to fully deal with the impact of transport 
and all its social and physicochemical implications (Kofler et al., 2001). 
 
Psychological effects result from complex interactions of different impacts. Personal 
traits and the given situation at the time of impact must be considered. In many 
respects traffic is just one stress factor among others. Some effects e.g. on mobility 
behaviour are quite specific. There is still a need for improvement of data on 
psychological and social parameters. This is true of the validity, specificity, and 
sensitivity of questionnaires and for the statistical methods dealing with results of 
questionnaires. The interconnection and correlation of several different effects and 
parameters make it nearly impossible to quantify the impact of one single parameter 
independently. Several impacts from the natural, technical, and social environment 
interact with personal coping styles, habits and beliefs in the production of psycho-
logical effects that themselves again have an impact of the individual’s biophysical 
and social environment. 
 
Methods to measure and evaluate well-being, mental health and public awareness 
have to take into account the process character of learning and the interactive 
relation between person and situation. Unfortunately, there are few studies which 
compare objective data and perceptions, which are of a problem-centred or narrative 
type, or which are especially necessary if one is interested in action-relevant data 
(Huber and Mandl, 1994, Lamnek, 1995). Most observations lack a gender-sensitive 
interpretation. The same is true of longitudinal studies and systematically documented 
and evaluated case studies including psychological variables relevant to well-being. 
 
The classical methodology looking at each exposure indicator and every health 
effect independently (taking every mathematical trouble to stratify other 
“confounding” variables) cannot provide the full picture. A more holistic approach 
is wanted that does not separate psychological or sociological effects from “other” 
health impacts. Behaviour, psychological traits, and socio-economic status are 
influenced by environmental stressors and act on the same stressors by either 
changing the individual’s exposure or response. Permanent health effects can be 
derived from chronic psychological responses but changes in health status also have 
an effect on the individual’s socio-economic status and his ability to cope with 
further stressors. 
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A holistic approach should not only study linear dose-response interactions but bear 
in mind the complex connections and the mechanisms that link all the indicator 
variables of health, environment, and well-being with each other. 
 
6.2. Consequences for decision making 
 
Decisions on new roads and other transport infrastructure, in spatial and urban 
planning are among others influenced by clearly defined parameters of the physical 
environment (e.g. measurement and forecast of sound pressure levels and 
concentrations of air pollutants). The decision making process is highly 
sophisticated with many experts from several fields taking part in it. The population 
that is directly affected by these decisions usually has very little opportunity to 
follow or even understand the decisions and the facts and forecasts which are the 
basis of the whole process.  
 
When preparing to ask for public participation one should keep in mind that it is 
very difficult to withdraw from that course later on. “Public” is not a homogeneous 
entity. Different interest groups will present conflicting proposals. Therefore 
integrating public opinion into decision making processes is a very tedious job 
which needs ample room, time and resources. Mechanisms that formalise the 
involvement of the public are well established and include mediation processes, 
public hearings, and the use of new information technologies. Where these 
mechanisms have been applied in a proper way (although at a higher cost of time 
and energy in the beginning) in the long run they have been shown to be cost 
effective when taking into account the higher satisfaction of all interested parties and 
the lower rate of clashes and need for reconstruction afterwards. 
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Summary 
 
In recent years a great advance in understanding the effects of air pollution on health 
has been made. In this subject, the fundamental concepts on the matter are 
introduced, together with the main studies carried out in recent years. The main 
control and intervention strategies for the minimisation of its possible impact on 
health are overviewed. 
 
The main short term effects of air pollution on health range from an increase in the 
number of deaths, hospital admissions and emergency visits, especially for 
respiratory and cardiovascular causes to alterations in lung performance, cardiac 
problems and other symptoms and discomfort.  
 
Chronic effects related with long term exposure have also been shown. The increase 
in the risk of death through chronic exposure to pollution is estimated as a few times 
greater than risk due to acute exposure. Chronic exposure is also associated with 
increased cardio-respiratory morbidity and with decline of pulmonary function, both 
in children and adults.  
 
There are several strategies used for reducing the levels of air pollution and therefore 
minimising its impact on health. Traditionally, these strategies have been based on  
setting limit values for each pollutant, which should not be exceeded. Today, a 
global approach to the problems posed by air pollution is defended, especially to 
those related with vehicle transport, the main source of air pollution in most 
European cities nowadays. 
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1. Introduction 
 
In the field of public health, air pollution is a well-known phenomenon, which has 
been studied for long and becomes of major importance in our contemporary world 
stemming from a series of episodes which happened in industrial countries during 
the first part of the 20th century. 
 
The cases in the Meuse Valley (Belgium) in 1930, in Donora (Pennsylvania, USA) 
in 1948 and, above all, the catastrophe of London, in December 1952, are probably 
the most outstanding and characteristic (Ware et al., 1981). These exceptional 
situations resulted in an increase of mortality and morbidity which left no doubt to 
the fact that high levels of air pollution were causally associated with an increase in 
early deaths (Box 1). 
 
This evidence leads to the adoption of pollution control policies, especially in 
western Europe and North America , with an important reduction in air pollution 
levels (Figure 15). 
 

 
 

Figure 15. Annual average of black smoke (in µg/m3), London 1958-1971 (Schwartz and 
Marcus, 1990). 
 
In recent years, a considerable number of studies carried out in different cities have 
found that, even below air quality levels considered safe, the increase of air pollution 
levels are associated with harmful effects on health. A study carried out in France, 
Switzerland and Austria, shows that 6 per cent of mortality and an important number 
of new cases of respiratory diseases in these countries may be due to air pollution. 
Half of this impact is caused by pollution emitted by motor vehicles (Künzli et al., 
2000). Additional studies have showed that vehicle-generated air pollutants are 
associated with a series of effects on health, especially on the respiratory system 
(Brunekreef et al., 1997; Ciccone et al., 1998; English et al., 1999). On the other 
hand, there is growing concern on the possible risks generated by agents for which 
there is no satisfactory evaluation, such as exposure to polycyclic aromatic 
hydrocarbons (PAH), persistent organic pollutants and other air toxicants 
(Jedrychowski et al., 2002; Turusov et al., 2002). In summary, important population 
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sectors are exposed to air pollutants with a consequent possible negative effect on 
their health.  
 

Box 1. Case 1: The London Smog. 
 

 
On the 5th of December 1952, a thick layer of fog developed over London at temperatures 
near 0°C. This fog persisted without decreasing for several days and a considerable worry 
generated among the population. That day and the following, there was a great demand for 
hospital beds and on the 8th of December, hospitals around Central London made an 
emergency release, declaring that they only had beds for 85 per cent of demand. That 
same day, newspapers revealed that some people had died because of the fog, since this 
fog carried dangerous chemical pollutants. The investigations carried out to evaluate the 
impact of air pollution on health extended for over a year.  
The episode occurred because of a stationary high-pressure mass situated over Western 
Europe, leading to a temperature inversion in the Thames Valley. Pollutants, mostly from 
coal combustion in public and domestic heating systems, could not disperse and reached 
very high concentrations (around 10 times above current regulatory standards) (Figure 
16). A very important effect on both mortality and morbidity followed such increases in 
air pollution during the first days. However, the mortality rates remained high for several 
weeks (Anderson, 1999). 

 

 
 
Figure 16. The London fog. Number of daily deaths and levels of black smoke in 
London, December 1-15, 1952 (Ministry of Health, 1954). 
 
Officially, the number of exceeding deaths attributed to this episode was between 3500 
and 4000 (Ministry of Health, 1954). Subsequent studies, however, have discussed such 
appraisal as they estimated about 12,000 exceeding deaths occurred from December 1952 
through February 1953 because of acute and persisting effects of the 1952 London smog 
(Bell and Davis, 2001). 
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2. Air pollutants and sources 
 
2.1. Sources 
 
The air pollutants which are normally measured in urban atmosphere are mostly 
derived from human activities (Ritcher and Williams, 1998). There are two broad 
types (Figure 17). 
 

SO2 VOCsNOXPM

Power 
Generation

Domestic 
Dwellings Industry

Pb

Stationary Emission Sources

SO2 VOCsNOXPb

    Petrol

PM

Diesel

Mobile Emission Sources (Road Traffic)  
 

Figure 17. Major emission sources of air pollutants (Ritcher and Williams, 1998). 
 
2.1.1. Stationary sources 
 
They can be subdivided into: (a) Rural area sources such as agricultural production, 
mining and quarrying, (b) Industrial point and area sources such as manufacturing of 
chemicals, non-metallic mineral products, basic metal industries, power generation, 
and (c) Community sources, e.g. heating of homes and buildings, municipal waste 
and sewage sludge incinerators, fireplaces, cooking facilities, laundry services and 
cleaning plants. The last two are the most important.  
 
2.1.2. Mobile sources 
 
They comprise any form of combustion-engine vehicles, e.g. light duty gasoline-
powered cars, light and heavy-duty diesel-powered vehicles, motorcycles, aircraft, 
and even line sources such as fugitive dusts from vehicle traffic. 
 
2.2. Air pollutants 
 
A distinction should be made between primary and secondary pollutants (WHO, 
1987). Primary ones are those coming directly from the source of emission. 
Secondary pollutants are produced as a consequence of transformation and chemical 
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and physical reactions suffered by primary pollutants within the atmosphere. The 
characteristics of the main chemical pollutants and their sources are summarised in 
Table 9. 
 

Table 9. Summary description of the major air pollutants. 
 
Pollutant Formation Physical 

state 
Sources 

Suspended 
particulates(PM): PM10, 
Black smoke 

Primary & 
secondary 

Solid, liquid  Vehicles (mainly diesel) 
Industrial processes 
Tobacco smoke 

    
Sulphur dioxide (SO2) 
 

Primary Gas  Industrial processes  
Vehicles 

    
Nitrogen dioxide (NO2) Primary Gas Vehicles 

Gas heaters and cookers 
    
Carbon monoxide (CO) Primary Gas  Vehicles (mainly gasoline) 

Tobacco smoke 
    
Volatile organic 
compounds (VOCs) 

Primary, 
secondary 

Gas Vehicles, industry, tobacco smoke 

    
Lead (Pb) Primary Solid (fine 

particulates) 
Vehicles , industry 

    
Ozone (O3) Secondary Gas Vehicles  

(secondary to photo-oxidation of 
NOx and volatile organic 
compounds) 

 
2.2.1. Suspended particulates (PM) 
 
The term ‘suspended particulates‘ refers to finely-divided, non-specific particulates, 
either liquid or solid, which are small enough to be suspended for hours or days, and 
carried through considerable distances. They represent a complex mixture of organic 
and non-organic substances. There are different names to describe these particles 
depending on the technique used for their determination and their size. Among these 
names we find: total suspended particulates (TPS), black smoke, breathable 
particulates, thoracic particles. In recent years, there is a preference in naming them 
after more objective features such as their diameter; particles with a diameter 
inferior to 10 µm (PM10), with diameter inferior to 2,5 µm (PM2,5) (also called fine 
particulates) or particulates smaller than 0,1µm (ultra fine particulates). 
 
2.2.2. Sulphur compounds 
 
The main ones are sulphur dioxide (SO2) produced by combustion in fixed sources 
(heating, industries) and sulphates, resulting from atmospheric oxidation of SO2. 
Changes in the type of fuels used in Western Europe have resulted in a considerable 
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reduction of SO2 emissions, although localised high concentrations associated with 
occasional emissions may still occur. 
 
2.2.3. Nitrogen compounds 
 
Their main non-natural source of emission are fossil fuels used in transport, heating 
and energy generation. Most combustion processes produce nitrogen monoxide 
(NO) which, through oxidation processes result in nitrogen dioxide (NO2). 
Sometimes data are referred to in terms of NOx, indicating a mixture of nitrogen 
oxides. 
 
2.2.4. Carbon oxides 
 
They are, mainly, carbon monoxide (CO) and carbon dioxide (CO2). They liberate 
into the atmosphere as a consequence of incomplete (CO) or complete (CO2) 
combustion. The main source of CO are fumes coming from motor vehicle exhaust 
systems. CO2 is also the main pollutant responsible for the greenhouse effect. 
 
2.2.5. Volatile organic compounds (VOCs) 
 
VOCs are a varied group of compounds present in the atmosphere, which include a 
wide range of hydrocarbons such as alkanes, alkenes, aromatics, aldehydes, ketones, 
alcohols, esters, and some chlorinated compounds. Benzene is an aromatic VOC 
which has received much attention due to its carcinogenicity. Other aromatic 
compounds such as toluene are important precursors of ozone. 
 
2.2.6. Lead (Pb) 
 
Emissions from motor vehicles are the main source of lead in air, principally present 
as particles with diameter less than 1 µm. In an important and increasing number of 
countries, lead emitted by vehicles is declining with the introduction of unleaded 
fuels. 
 
2.2.7. Photochemical oxides 
 
They are pollutants resulting from chemical reactions between reactive 
hydrocarbons and nitrogen oxides under the effect of solar light. Ozone (O3) is, from 
a toxicological point of view, the most important among these pollutants. Provided 
that vehicle-emission-generated primary pollutants react with it, it may be found in 
considerably large concentrations even in areas far apart from the sources of 
emission and its levels are frequently higher around big cities rather than inside. 
 
A distinction is usually made between typical winter pollution (‘winter smog‘) and 
typical summer pollution (‘summer smog‘). In winter, pollution episodes may occur 
due to stagnant air conditions, when pollutants coming from combustion concentrate 
in the atmosphere. The main pollutants are SO2 and suspended particles, although 
these just serve as indicators of much more complex mixtures of pollutants. In 
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summer, pollution episodes may occur in sunny hot days, when photochemical 
reactions of nitrogen oxides and hydrocarbons lead to the formation of ozone and 
other substances with toxic capacity. This pattern, however, is less clear for 
pollutants such as NO2, CO and some particulates, which have vehicle exhaust 
systems as their main source. 
 
 
3. Effects of air pollution on health 
 
The interpretation of the reactions produced by air pollution on human health is 
founded on two types of studies, epidemiological or observational and toxicological 
or experimental. Both types of studies are considered complementary when 
evaluating the effects of air pollution on health. 
 
3.1. Epidemiological studies 
 
They refer to the observation of events which develop among human populations 
under natural conditions, circumstances which form their most significant 
advantage. When measuring exposure to air pollution, many studies have used data 
from air pollution surveillance networks, but other approaches to assses exposure are 
increasing, ranging from consideration of residence as an approximation to the 
exposure level to pollution or exposure questionnaires, to the use of personal 
samplers or the determination of biomarkers (Ozkaynak, 1999). Figure 18 shows the 
main exposure measuring methods used in the field of epidemiology. A rise in the 
grade of sophistication makes measurements more valid, but it also affects their cost. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18. Exposure assessment approaches in epidemiology of air pollution (adapted from 
Ozkaynak, 1999). 
 
The effects of exposure to air pollution are diverse and of different severity. Among 
them, its effects on the respiratory and the cardio-circulatory systems can be 
highlighted. This effect maintains a grading, both regarding the seriousness of its 
consequences and the risk population affected (Figure 19).  
 
 

COST

VALIDITY

• Categorical exposure (high versus low)
( i.e. from residence, occupation, etc.)

• Measured (or modelled) outdoor concentrations
(usually from air pollution networks)

• Measurement of indoor and outdoor concentrations
• Estimation of individual exposure using indoor, outdoor

along time-activity diaries
• Direct measurement of personal exposures
• Measurement of biomarkers of exposure
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Figure 19. Health effects of air pollution (adapted from Andrews et al., 1985). 
 
For the study of such effects, several epidemiological designs have been used, which 
can be roughly divided into four categories, depending on whether the analysis is 
carried out at population or individual level, and whether the effects evaluated come 
from acute exposure or long term exposure, that is to say: chronic exposures (Figure 
20). 
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Figure 20. Basic study designs in air pollution epidemiology (adapted from Antó and Sunyer, 
1999 and Pope and Dockery, 1999). 
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One of the most used epidemiological design type are the ecological time series 
studies. In them, the variations in time of exposure and the health indicator of a 
certain population are analysed (number of deaths, hospital admissions, etc.). One 
advantage of these studies is that when analysing the same population in different 
periods of time (day to day, generally) many of the variables which could act as 
confounding factors at individual level (smoking habits, age, gender, 
profession/occupation, etc.) are maintained stable within the same population and 
lose their confounding potential (Schwartz et al., 1996). In these studies possible 
confounding factors are those which can covariate with health indicators and 
pollutants along time. These factors can be summarised in four groups: geophysical, 
meteorological, socio-cultural (for instance, the weekly activity pattern) and 
correlated illnesses such as influenza with a clear seasonal behaviour (Goldsmith  
et al., 1996) (Figure 21). The construction of any mathematical model analysing the 
relationship between air pollution and health must take into account these factors. 
On the other hand, a series of limitations in the statistical analysis procedures have 
been described recently, which have raised a need for reconsidering the estimates 
obtained among the existing studies (Dominici et al., 2002a; Samet et al., 2003; 
Ramsay et al., 2003). 
 

 
Figure 21. Relationship between the factors involved in the time series epidemiological 
studies of air pollution (adapted from Goldsmith et al., 1996). 
 
In recent years, several multi-centric projects have been carried out, using 
standardised analysis criteria for the study of different aspects of the relationship 
between air pollution and health. In Europe, the APHEA project (Box 2) and in the 
United States the NMMAPS study (Samet et al., 2000a) are among those which 
have thrown much light upon the knowledge of acute impact of pollution on health. 
 
 
 
 

 

3.1.1. Time series studies 
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In a considerable number of countries such as Canada (Burnett et al., 1998), France 
(Quénel et al., 1999), or Italy (Biggeri et al., 2001), multi-centric studies have been 
carried out at national level. In these studies the impact of pollution has been 
evaluated keeping environmental, sanitary and social characteristics in mind. Also, 
these studies may prove useful for decision-making regarding pollution control-
related measures and the improvement of information systems of each country. In 
Spain a study on the air pollution impact including 16 cities has been carried out 
(Box 3). 
 

Box 2. Case 2: APHEA Project (Air Pollution Health Effects: a European Approach). 
 

This multi-centre study started in 1993, with funding from the European Communities, 
with the purpose of evaluating the short-term impact of air pollution on the health of the 
European population. During its first phase, there were 15 European cities from 10 
different countries participating, with a total study population of approximately 25 million 
inhabitants (Katsouyanni et al., 1995).  
The APHEA project has published an important number of articles, among them several 
meta-analysis on the short-term effect of air pollution in several European cities. These 
studies have been very useful in the evaluation of pollution impact in Europe and for the 
formulation of air quality guidelines. In the first phase of the study, in the meta-analysis 
for particulates a 0.4 per cent increase in death risk was obtained for 10 µg/m3 increase in 

10 2
et al., 1997) and NO2 (Touloumi et al., 1997). For PM10 and SO2 lower effects were 
described in the eastern cities than in the western ones. A posterior sensitivity analysis 
controlling for long term trends and season, excluding days with very high pollution 
levels, reduced this heterogeneity and provided higher combined estimates (around 0.6 
and 1 per cent increase in mortality for increase in 10 µg/m3 in black smoke and SO2, 
respectively) (Samoli et al., 2001). As for ozone, a 50 µg/m3 increase in ozone levels was 
associated with a 4 per cent increase in the number of hospital admissions for chronic 
obstructive pulmonary diseases (COPD) (Anderson et al., 1997), with a 3.5 per cent in 
admissions for asthma in people over 15 (Sunyer et al., 1997) and with 2.3 per cent in the 
number of deaths by all causes. (Touloumi et al., 1997). 
In the second phase of the project, APHEA2, 30 European cities participated, with more 
complete information about exposure and other variables. This has enabled the assessment 
of the consistency of the associations, and a better control of confounding and effect 
modification. For particulates, the relationship with mortality showed an increase of 0.6 
per cent in the daily number of deaths for an increase of 10 µg/m3 in black smoke, and the 
same for PM10. When effect modification was investigated, cities with average levels of 
NO2, warm climate, and low standardised mortality rates showed higher effects 
(Katsouyanni et al., 2001). For respiratory admissions the estimates showed around 1 per 
cent increase fort PM10 and smaller for black smoke (Atkinson et al., 2001). On the 
contrary, black smoke presented a clearer association with cardiovascular admissions than 
PM10, 1.1 per cent and 0.5, respectively (Le Tertre et al., 2002). 

 
3.1.2. Cohort studies 
 
Although in smaller number than time series studies, there are several cohort studies 
about the impact of pollution on health the first one is known as the six cities study. 
In it, a group of 8111 adults from six United States cities were studied in 1974, 

the daily levels of PM  and SO , and 0.3 per cent in black smoke levels (Katsouyanni  
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(Dockery et al., 1993). Results show that, once controlled for smoking habit and 
other risk factors, mortality indices are associated with air pollution. Death risk in 
the most polluted cities was 26 per cent higher compared with those with lower 
pollution. In another study, Pope et al. (1995a), evaluated the effects of air pollution 
by particles on mortality of participants from a follow-up study of the American 
Cancer Society as a part of the Cancer Prevention II study. Since 1982, data on risk 
factors and air pollution were collected for a total number of 500,000 adults from 
151 metropolitan areas of the United States. It was found that the death risk by all 
causes in the most polluted areas was 15 per cent higher than in those with less 
pollution. The risk was higher for mortality caused by cardiovascular diseases with a 
26 per cent increase in the most polluted cities compared to the least polluted ones. 
In March 2002 results from the follow-up of this cohort up to 1998 were published 
(Pope et al., 2002). Fine particulates (PM2.5) and sulphur oxide were associated with 
all-cause, lung cancer, and cardiopulmonary mortality. Each 10 µg/m3 elevation in 
fine particulate air pollution was associated with approximately a 4, 6, and 8 per cent 
increased risk for all causes, cardiopulmonary, and lung cancer mortality, 
respectively. 
 
Box 3. Case 3: EMECAS project (Spanish Multicenter Study on Health Effects of Air 
Pollution). 
 

The EMECAS project is a collaborative effort, funded by the Spanish Ministry of Health 
that seeks to evaluate the short-term effect of air pollution on health in the urban Spanish 
population. In the first phase it undertook the assessment of the relationship between 
seven air pollutants and total daily mortality for all and for respiratory and cardiovascular 
causes in 13 Spanish cities (EMECAM, 1999).  
Combined results showed a significant association between air pollution indicators and 
mortality. An increase of 10µg/m3 in the levels of the average of the concurrent and one 
day lag for black smoke was associated with a 0.8 per cent increase in mortality (Ballester 
et al., 2002). The estimates for TSP and PM10 and total mortality were slightly lower. The 
same increase in concentrations of SO2 was associated with a 0.5 per cent increase in daily 
deaths, and a 0.6 per cent in the case of NO2. For groups of specific causes we found 
higher magnitude in the estimations, especially for respiratory conditions. Ozone only 
showed statistical significance with cardiovascular mortality (Sáez et al., 2002). When 
two pollutant analyses were performed, estimates for all pollutants did not substantially 
modify, except for SO2 where estimates for daily levels were strongly attenuated. On the 
contrary, the association for one-hour maximum levels of this pollutant did not show any 
change.  
In the second phase of the project a total of 16 cities, accounting for more than 10 million 
inhabitants, are participating. More complete and updated data, both for mortality and 
hospital admissions, have been collected, enabling adequate control of confounding and 
address an exploration of potential causes for heterogeneity.  
Combined estimates for cardiovascular admissions indicate an association with 
cardiovascular admissions (EMECAS, preliminary findings). An increase of 10 µg/m3 in 
the PM10 levels was associated with a 0.9 per cent increase in the number of hospital 
admissions for all cardiovascular diseases, and a 1.6 per cent for ischeemic heart diseases. 
Other pollutants also show an association with cardiovascular admissions. Results for this 
phase will be presented in the next few months.  
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Another study in the USA followed a non-smoking Seventh Day Adventists cohort 
of roughly 4000 adults and also found an increased risk of mortality related with the 
levels of pollutants in the region (Abbey et al., 1999). This study also indicated 
relations of particulates with chronic respiratory symptoms (Abbey et al., 1995).  
 
The first cohort study in Europe has been published recently (Hoek et al., 2002). 
This has consisted of a Dutch cohort of 5000 adults followed during 7 years. 
Findings indicate an association between cardiopulmonary mortality and living near 
a major road. No clear association was found with other estimates of long term 
exposures. 
 
As we can see, particulates have been among the most studied pollutants. In Table 
10 a summary of results from some of the most important studies is shown.  
 
Table 10. Summary of estimates of particulate matter effects (Adapted from Pope and 
Dockery, 1999; with addition of results from recent multicenter studies: a: Dominici et al., 
2002b; b: Katsouyanni et al., 2001; c: Stieb et al., 2002; d: Samet et al., 2000a; e: Biggeri  
et al., 2001; f: Atkinson et al., 2001b; g: Le Tertre et al., 2002; h: Samet et al., 2000c; i: Pope 
et al., 2002). 
 

Acute exposures Chronic exposures  
Health outcomes 

Per cent change in health end 
point per increase in 10 
µg/m3 in PM10 

Per cent change in health end 
point per increase in 5 µg/m3 
in PM2.5 

Increase Mortality* *(Population based) *(Cohort based) 
- All organic causes 0.2a - 0.6b,c - 1.0 2i - 3 
- Cardiovascular 0.7c,d to 1.4 3i - 6 
- Respiratory 1.3c to 3.4  
- Lung Cancer  4i 
   
Increased hospitalisation   
- All respiratory 0.8 to 2.4e  
- COPD 1.0f to 2.5  
- Asthma 1.1f to 1.9  
- Cardiovascular 0.5g to 1.2h  
   
Disease: bronchitis  7 
   
Decreased lung function 
(FEV1) 

  

- Children 0.15 1 
- Adults 0.08 1.5 

 
 
3.1.3. Studies of the effects of ‘summer pollutants’ on health 
 
The summer type pollution refers mainly to photochemical pollution coming from 
hydrocarbon and nitrogen oxides reactions to intense solar light. Ozone is generally 
considered the most toxic component of this mixture. However, not all the effects of 
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photochemical pollution can be attributed to ozone alone. This is so for some of the 
discomfort caused by pollution such as ocular irritation caused by organic nitrates 
and aldehydes. 
 
Recent studies have described an important number of adverse effects of ozone. 
Among them, increased respiratory symptoms (Thurston and Ito, 1999), declines in 
lung function (Galizia and Kinney, 1999; Gauderman et al., 2002), aggravation of 
asthma (Gauderman et al., 2002; McConnell et al., 2002), increased risk for 
emergency visits (Tenias et al., 2002) and hospital admissions (Anderson et al., 
1997; Sunyer et al., 1997), and probably, an effect on mortality could be included 
(Burnett et al., 2001; Goldberg et al., 2001) . On the other hand, children and 
asthmatics have been described as sensitive groups to the effects of ozone. 
 
3.2. Experimental toxicological studies 
 
These studies are carried out both with humans and animals. In them, concentration, 
duration and conditions of exposure are controlled by the investigator. Their main 
advantage is precisely the control of exposure conditions, therefore, the 
measurement of this exposure is more precise than in observational studies. As for 
its disadvantages, these are basically the fact of keeping the experiment subjects 
under an artificial situation -since a reduced number of pollutants are used in an 
ideal situation, in big doses and in special environmental circumstances. Also, the 
population subject to these experiments could be little representative of the general 
population or any susceptible groups. 
 
It is worth highlighting that in recent years, there have been great advances in the 
development of studies on the effects of controlled exposure to pollutants. A 
substantial advance has particularly been made in the understanding of the effects 
and biological mechanisms related with particles and ozone. 
 
3.2.1. Particles 
 
As far as particles are concerned, regardless of the consistency of the 
epidemiological studies results, about their impact on health, the lack of an 
explanation of their physio-pathological mechanism led to the raising of doubts on 
whether such association is causal . This generated an interesting debate between, on 
one side, some authors who considered the evidence as sufficient and pleaded for a 
more decisive intervention (Bates 2000; Pope et al., 1995b; Schwartz, 1994), while 
others raised doubts on the impact being caused by particulates (Gamble and Lewis, 
1996; Moolgavkar and Luebeck, 1996; Utell and Samet, 1993). All this debate has 
provided an impulse for toxicological research and for more epidemiology studies 
which have provided firm evidence to biological coherence and robust results. Due 
to the access way of particles, there are fewer doubts on the mechanisms capable of 
causing respiratory problems, such as lung inflammation (Pope, 2000). However, the 
biological plausibility of the association of air pollution by particles with the 
cardiovascular system has raised doubts.  
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In recent years, several physiopathological mechanisms have been proposed (Seaton 
et al., 1995) (Figure 22). One of the main hypotheses is that particles induce the 

et al., 1997; Schwartz, 2001). Other mechanisms studied are related with automatic 
cardiac control, where a significant association of particles with an increase of heart 
rhythm rate and a decrease of its variability has been shown (Liao et al., 1999; 
Peters et al., 1999; Pope et al., 1999a; Pope et al., 1999b). Lastly, in experimental 
studies with human beings, inflammatory changes at alveolar level and an increase 
of fibrinogen levels, leukocytes and platelets at alveolar level have been found (Ghio 
et al., 2000; Salvi et al., 1999). A growing number of studies support the hypothesis 
that the composition of ultra fine particles (Donaldson et al., 2001; Frampton 2001) 
and their contents of transition metals (Costa and Dreher, 1997), could explain their 
toxic capacity in the cardiovascular system.  On the  other hand, an additive role, 
played by other gaseous pollutants, cannot be discarded. 
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Figure 22. Possible physiopathological mechanisms for impact of inhaled particulates on 
cardiovascular system (Adapted from Muggenburg et al., 2000). 
 
3.2.2. Carbon monoxide 
 
There are few doubts about the toxicity of CO on the cardiovascular system (Allred 
et al., 1991). It is also known that CO can produce dyspnoea and hypoxia as it 
causes the formation of carboxihaemoglobine (Maynard and Waller, 1999). 
 
3.2.3. Nitrogen dioxide 
 
The mechanism by which NO2 can produce harm ending in death is little known, 
although it has been said that it could possibly be the inflammatory response to the 
activation of oxidative pathways caused by this pollutant, or to its capability of 

activation of some mediators which cause increase of blood coagulation (Peters  



AIR POLLUTION AND HEALTH 

 

67

damaging the alveolar macrophages function, therefore causing an increased risk of 
lung infection (Brunekreef and Holgate, 2002).  
 
3.2.4. Ozone 
 
Lastly, regarding toxic mechanisms for ozone, results of some studies suggest that, 
besides its oxidant capacity to cause lung inflammation (Bassett et al., 2001) ozone 
exposure can increase myocardial work and impair pulmonary gas exchange to a degree 
that might be clinically important in persons with significant pre-existing cardiovascular 
impairment, with or without concomitant lung disease (Gong et al., 1998). 
 
With all that described above, and provided the complex mixture which forms urban 
air pollution, with common sources and a high correlation between pollutants, it is 
difficult to attribute effects to a single pollutant. Rather, particles should be 
considered to be a marker of pollution levels within a city. In general, knowledge 
about the biological mechanisms of this association is still limited and requires much 
additional research in different fields. 
 
 
4. Air quality guidelines and limit values 
 
In 1987 the World Health Organisation (WHO) published some air quality 
guidelines which comprised 28 pollutants (WHO, 1987). As has been mentioned 
above, different epidemiological studies have shown the adverse effects when they 
are below these levels. As a consequence of accumulating evidences that suggest so, 
the WHO has updated such guidelines and has increased to 38 the number of air 
pollutants or polluting mixtures collected in such guidelines (WHO, 1999). 
Although the value of these guidelines has no legal power, they are used by many 
countries to develop the air quality national standards. The European Union has 
recently published two directives with the limit values for the major air pollutants 
(Table 11) (EC, 1999; EC, 2000).  
 
Table 11. Limit values for standard air pollutants for human health protection in the European 
Union (EC, a1992; b1999; c2000). 
 
Pollutant Mean period Limit value 
Leadb 1 year 0.5 µg/m3 
Nitrogen dioxideb 1 hour 200 µg/m3 
 1 year 40 µg/m3 
Sulphur dioxideb 1 hour 350 µg/m3 
 24 hours 125 µg/m3 
PM10 (to be respected in 2005)b 1 year 40 µg/m3 
 24 hours 50 µg/m3 
PM10 (to be respected in 2010)b 1 year 20 µg/m3 
 24 hours 50 µg/m3 
Carbon monoxidec  8 hours 10 mg/m3 
Ozonea 8 hours 110 µg/m3 
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Regarding the WHO Guidelines of 1987, there has been an important reduction of 
the value for NO2 (from 150 µg/m3 for a daily mean to 40 µg/m3 for an annual 
mean). For suspended particles, the European Union has established PM10 annual 
limit values of 40 µg/m3 for year 2005 and of 20 µg/m3 for year 2010. In a 
considerable number of European cities and regions, it will be difficult to meet these 
limits if decisive improvement actions are not taken to improve air quality.  
 
 
5. Health impact assessment of the impact of air pollution 
 
Health impact assessment (HIA) aims at the quantification of the expected health 
burden due to an environmental exposure in a specific population (WHO Regional 
office for Europe, European Centre for Environment and Health, and Bilthoven 
Division, 2000). To reach this goal, HIA combines three of the four stages of the 
paradigm of risk assessment (Samet, 1999), that is: exposure assessment, dose-
response, and risk characterisation stages.  
 

Box 4. Case 4: APHEIS: Air Pollution and Health: a European Information System. 
 

 

The APHEIS programme is an epidemiological surveillance system that aims to provide 
European, national, regional and local decision makers, environmental-health 
professionals and the general public with up-to-date and easy-to-use information on air 
pollution and public health (http://www.apheis.org). 
 
During its first year (1999-2000), APHEIS achieved two key objectives: it defined the 
best indicators for epidemiological surveillance and health impact assessment (HIA) of air 
pollution in Europe in the form of guidelines; and it identified those entities best able to 
implement the surveillance system in the cities participating in the programme (APHEIS, 
2001). During its second year, APHEIS implemented or adapted the organisational 
models designed during the first year, collected and analysed the data for HIA, prepared 
different health-impact scenarios and an HIA report in standardised format. 
 
The first HIA report of APHEIS covered 26 cities in 12 Western and Eastern European 
countries and it assessed the acute and chronic effects of fine particles on premature 
mortality and hospital admissions for cardiovascular and respiratory diseases using the 
estimates developed by APHEA2 study and two North-American cohort studies. 
 
The total population covered in this first HIA from APHEIS includes nearly 39 million 
inhabitants. PM10 concentrations were measured in 19 cities (annual average range: 20-50 
µg/m3). Black smoke (BS) concentrations were provided by 15 cities (annual average 
range: 20-65 µg/m3). The results of the HIA estimation indicates that reducing long term 
exposure to PM10 levels by 5 µg/m3 would have prevented 5,547 premature deaths 
annually, 800 of which were attributable to short-term exposure. If black smoke is 
considered, a reduction of 5 µg/m3 in its levels would have decreased short-term deaths by 
over 500 per year (APHEIS, 2002). 
 

 
In the context of air pollution, HIA could be useful in providing key information to 
public health and environmental decision makers, in the evaluation of different 
policies and scenarios for the reduction of air pollution levels, or in the estimation of 
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the costs of air pollution or the benefits of preventive actions (APHEIS, 2001). The 
usefulness and credibility of HIA depends on the accuracy of its estimates. Because 
of that, an accurate procedure and a critical discussion of the strength of estimates 
provided by HIA are needed in each case. In Europe, the APHEIS project has 
developed a HIA of air pollution in 26 cities of 12 European countries (Box 4). In 
that way, through the integration of public health criteria in environmental decision-
making, HIA may become a helpful tool for planning and evaluation of public 
policies. 
 
 
6. Intervention studies 
 
Some studies illustrate the potential health benefits of policies and actions aimed at 
decreasing the exposure to air pollution. Several years ago, Pope showed that in 
Utah Valley, closure of an open-earth steel mill over the winter of 1987 was 
associated with reductions in respiratory disease and related hospital admissions 
among valley residents (Pope, 1996). In a later investigation, Dye et al. (2001) 
analysed composition of filters originally collected near the steel mill during the 
winter of 1986 (before closure), 1987 (during closure), and 1988 (after plant 
reopening). The authors found a higher quantity of sulphate and certain metals (i.e., 
copper, zinc, iron, lead, strontium, arsenic, manganese, nickel) in the 1986 and 1988 
filters. They intratracheally instilled liquid extracts from filters to rats, and found 
that rats exposed to 1986 or 1988 extracts developed significant pulmonary injury 
and neutrophilic inflammation suggesting that sulphate or metals may be important 
determinants of the pulmonary toxicity observed (Dye et al., 2001).  
 
In the USA, Mott et al. (2002) evaluated the influence of national vehicle emission 
policies from 1968 to 1998 on deaths attributable to carbon monoxide, therefore 
enabling the assessment of impact of the enforcement of standards set by the 1970 
Clean Air Act. They found a decline in mortality rates suggesting an important 
public health benefit following the decreases in CO emissions. In the same way 
Ostro et al. (1999) investigated the benefits of sulphate reductions following the 
1990 Clean Air Act Amendment describing substantial health benefits. 
 
Two recent studies have added more evidence on health benefits when reducing air 
pollution exposures. Clancy and colleagues evaluated the effect of air pollution 
control and death rates in Dublin (Clancy et al., 2002). After the ban, a clear 
reduction (70 per cent) of black smoke concentrations was observed. Subsequently, 
death rates from organic causes decreased by 5.7 per cent, cardiovascular deaths by 
10.3 per cent, and respiratory ones by 15.5 per cent, showing similar impact 
estimates than to cohort studies.  
 
Another intervention study has focused on changes in air quality and death rates 
after a restriction on sulphur content in Hong Kong (Hedley et al., 2002). The first 
year after intervention, both SO2 and sulphates showed a clear reduction. Two years 
after the restriction, SO2 maintained low levels; however, sulphate concentrations 
rose again and stabilised, probably, as suggested by the authors, as part of the 
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regional pattern of sulphate pollution in southern China. Death rates showed a 
substantial reduction in the first 12 months, but reached a peak in the second winter 
after intervention. Considering years 3 to 5 after intervention, average annual trend 
decreased significantly in a 2.1 per cent for all causes, and 3.9 per cent for 
respiratory ones.  
 
 
7. Strategies for  improvement of air quality 
 
Some cities have established programmes intended to reduce emissions from trucks 
and cars. For example, in Athens a measure was introduced whereby cars were 
allowed to circulate on alternate days according to their number plates ending in odd 
or even numbers. This step is not exempt from obstacles, for it may lead to citizens 
not changing their old vehicles (generally more polluting than new ones) or to 
dispose of two vehicles with number plates ending in different numbers (odd, even). 
Besides that, the National Technical University of Athens has developed a traffic 
map that displays congestion on the city’s streets updated every 15 minutes (see 
http://www.transport.ntua.gr/map/), this offers drivers, town planners, and public 
health workers the chance to monitor traffic flows, and could help to cope with plans 
to avoid or reduce traffic jams. Other cities, such as Cartagena in Spain, have 
elaborated integral operational plans for air pollution control (http://www.ayto-
cartagena.es/medioam-convenios.htm). In the development of such plans all the 
parties involved participate (industries, city hall, environmental department, 
meteorology department) and certain pollution surveillance and control guidelines 
are defined to avoid reaching levels which would be dangerous for health. Paris is 
one of the cities which have most persistently fought against air pollution in recent 
years.  
 
There are some international initiatives related with this issue. One major project 
developed by WHO and the United Nations Economic and Social Council is The 
Transport, Environment and Health project for Europe (http://www.the-pep.org). 
Besides that, an important number of cities are developing programmes to reduce the 
number of cars in the city and are applying important restrictions on traffic in their 
streets. More on that could be found at http://carfree.com. Very recently, the 
municipality of the city of London has implemented a system of charging a fee for 
cars going into central London as part of an effort to reduce traffic congestion in the 
centre of the city (http://www.london.gov.uk/mayor/congest/index.jsp). This 
congestion charge system started on 17th of February, and it is oriented towards 
reducing traffic, making journeys and delivery times more reliable, and raising funds 
to reinvest in the London transport system.  
 
On the other hand, the energy generating and combustion processes industries and 
the vehicle manufacturing industry are developing new technologies which will 
improve air conditions. Environmental quality is considered more and more a 
priority among human activities. Despite this, environmental control is still 
necessary in order to maintain people’s right to breath air under healthy conditions.  
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Parallel to regulation measures, and urban and transport planning activities and the 
development of technologies individual behaviour may contribute to the reduction of 
pollution. For instance, we can choose to use a less polluting vehicle, keep it in good 
condition to reduce emissions, avoid leaving the engine on when not moving, and 
driving avoiding abrupt accelerations and stops. Several people can travel in the 
same car, and we can use public transport more frequently, or we can use a bicycle 
or walk.  
 
A very interesting strategy developed by WHO, is that which outlines an integral 
approach to the implications of transport policies on health (Dora, 1999), 
consequences due to air pollution, noises, accidents, climatic change and their 
capability of altering the security conditions of walking or cycling (Figure 23). From 
this perspective, politicians and public decision-makers need to be well-informed 
about the impact of the different transport options on health. Health and environment 
professionals play a key role in providing such information as well as in evaluating 
its effects on health. 
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Figure 23. Strategies on transport, health and environment (Adapted from Dora, 1999). 
 
 
8. Conclusions 
 
Today, decades after some of the most important episodes, air pollution continues to 
be one of the major issues of Environment and Public Health. Epidemiology studies 
in a considerably great number of places have established an association between 
increases in air pollutants and increases in symptoms, diseases, emergency visits, 
hospital admissions and deaths. Evidence is very consistent and shows an 
independent effect for particles and ozone. Other pollutants like CO, NO2 or SO2 
could have an independent or an additive effect, and further investigation is needed 
to elucidate their role. Individual follow-up studies indicate a far from negligible 
effect of long term exposure on life expectancy. In fact their impact on mortality 
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could be several times that of time series studies. In addition, experimental research 
is providing insight into the biological mechanisms of these toxicant impacts.  
 
Road traffic is one of the major sources of exposure to air pollution in most cities of 
developed countries. Its association with health impact has been determined in an 
important number of studies. 
 
An effort is being made to bring close different points of view, interests and needs, 
since policies involving air quality like those related with transport or urban 
planning are complex. Of special interest is the application of research in decisions, 
both political and individual, related to pollution and health. Health impact 
assessment and risk communication could provide policy makers, health, 
environmental and other professionals, or the public in general with clear, 
understandable, and good quality evidence to facilitate their making of decisions, 
each according to their level of responsibility.  
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Summary 
 
During our daily activities including working, running, talking, eating and even 
sleeping, cells of the body are active. A person consumes oxygen and produces 
carbon dioxide during such activities. Lungs are air pumping stations of our body 
which transfer atmospheric oxygen into our body and expel carbon dioxide in the 
atmosphere, through a process called respiration. Air passes through airways during 
respiration. The average human being consumes about 12 Kg of air each day to form 
carbon dioxide. It is about twelve times higher than the food we consume. Hence, 
even a small concentration of pollutants in the air play a significant role in the 
deterioration of respiratory health. Man-made vehicles consume nearly 15 Kg of air 
in the burning of 1 litre of fuel resulting in the emission of harmful pollutants. 
Combustion of fuel is one of the most significant sources of air pollution. The 
constantly increasing need for fuel combustion for transportation and in order to 
produce energy and power industry, we deplete the atmosphere of oxygen and 
increase the concentration of air borne pollutants. Carbon monoxide, lead and 
hydrocarbons are emitted in high quantities in petrol combustion. These can cause 
loss of visual accuracy and mental alertness. Diesel combustion emits considerably 
higher amounts of Nitrogen dioxide, particulate matter and sulphur dioxide. Air 
pollution has been associated with a variety of detrimental effects on the respiratory 
system, including the aggravation of bronchial asthma or the appearance of new 
onset asthma. Also, increased mortality from respiratory disease especially in high 
risk groups (elderly people, children) resulting from the exacerbation of underlying 
cardiopulmonary disorders and increased susceptibility due to the deleterious effects 
of air pollutants on immunity has a tremendous economic toll on health care systems 
around the world. 
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1. Introduction 
 
“Air pollution” encompasses a diverse array of anthropogenic chemical emissions 
including gaseous combustion products, volatile chemicals, aerosols (particulate), 
and their atmospheric reaction products. The primary sources of chemical emissions 
from combustion products include primary energy production (electricity), 
secondary energy production (thermal and transportation) as well as industry. 
Outdoor air pollution harms more than 1.1 billion people, mostly in cities 
(Roodman, 1998) and kills an estimated 2.7 million to 3.0 million people every 
year—about 6% of all deaths annually (Roodman, 1998). About 9 deaths in every 10 
due to air pollution take place in the developing world, where about 80% of all 
people live (Roodman, 1998). In the United States, the principal pollutants 
monitored for regulatory purposes are ozone, particles, carbon monoxide, sulphur 
dioxide, nitrogen dioxide, and lead. Population growth, the proliferation of roadways 
and a large increase in the total number of miles driven by all passenger vehicles 
have facilitated a glut of mobile air pollution sources (cars and trucks), resulting in 
substantial atmospheric pollution attributable to transportation and mobility. 
 
Despite efforts over the past decades to reduce pollution, an alarming set of health 
effects attributable to air pollution have been described. Individual reactions to air 
pollutants depend upon the type of pollutant, how much of the pollutant is present, 
the degree of exposure and the types and levels of individual activity (e.g., 
individuals working or exercising outdoors have greater exposure). Air pollution 
appears to aggravate lung infections, possibly by reducing the body’s ability to fight 
infection. In order to achieve a more precise conception of the effects of “what we 
breathe” on the health and functioning of our respiratory system it is important to 
know that for the average healthy adult, an average of ten thousand litres (10,000) of 
air will pass through our lungs every day of our lives through restful breathing and 
this may increase drastically during work or exercise. We do know that air pollution: 

• is associated with chronic respiratory and cardiovascular disease, 

• impairs lung immunity and enhances inflammatory processes, 

• alters lung ventilation and impairs respiratory activity (reduces volume of 
air that can be taken in by lungs and decreases pulmonary lung function 
testing performance indices (FEV1, FVC, PEF, DLCO etc.), 

• aggravates existing asthma and chronic obstructive pulmonary disease and 
perpetuates a new onset asthma, 

• causes sensory irritation of eyes and nose (Abbey et al., 1998; MacNee and 
Donaldson, 2000a; Roodman, 1998). 

 
As a result and as is shown in recent studies, associations are made between air 
pollutants and decreased lung function, airway hyper-reactivity, respiratory 
symptoms, increased medication use and physician/emergency room visits among 
individuals with heart or lung disease, decreased exercise capacity, increased 
hospital admissions and increased mortality. Both healthy and ill individuals may be  
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affected by certain air pollutants. Sensitive subgroups are those with asthma, 
individuals addicted to tobacco products, the elderly, infants, persons with coronary 
heart disease, and persons with chronic obstructive pulmonary disease (COPD) 
(Utell and Samet, 1995). These associations are of particular public health 
significance because infections and allergies of the respiratory tract account for a 
major portion of total acute illness in the general population and exact a large 
economic toll in terms of health care as well as time lost from school or work, visits 
to doctors, and admission to hospitals. 
 
 
2. The respiratory effects of specific air pollutants 
 
2.1. Ozone 
 
Ozone is a powerful secondary pollutant formed when oxides of nitrogen and 
unburned volatile organic hydrocarbons, mostly from vehicle exhausts, combine 
with oxygen under the action of sunlight. It is a main component of smog. 
 
Ozone has different health implications in the stratosphere and the troposphere. In 
the stratosphere (the “ozone layer”), 10-50 km (6-30 miles) above the earth, ozone 
provides a critical barrier to solar ultraviolet radiation, and protection from skin 
cancers, eye cataracts, and serious ecological disruption. 
 
Ozone levels therefore tend to be highest on warm, sunny days, which are conducive 
to outdoor activities. In many areas, ozone concentrations peak in the mid-afternoon, 
when children are likely to be playing outside. It is important to distinguish between 
ground-level ozone air pollution and stratospheric ozone depletion by 
chlorofluorocarbons. These issues are unrelated (Lee et al., 1994). Excessive ozone 
exposure is widespread: over 70 million people lived in areas not meeting the EPA 
ozone standard in 1995; that number will increase markedly. 
 
Epidemiologic studies undertaken in a variety of locations indicate a relationship 
between outdoor air pollution and adverse respiratory effects. The pollutants most 
frequently implicated in these studies have been respirable particles (notably acidic 
sulfates) and ozone. Examples of health outcomes found to be correlated with air 
pollution levels include increased prevalence of chronic cough, chest illness and 
bronchitis (measured by questionnaire), hospital admissions for various respiratory 
conditions, and decrements in lung function. The prevalence of respiratory 
symptoms was markedly increased among children with a history of asthma or 
wheezing (van Eeden et al., 2001; Official Statement of the American Thoracic 
Society, 1999). In a study comparing ozone (O3)-induced changes in lung function 
and respiratory tract injury/inflammation in subjects with asthma than in normal 
subjects, results obtained following exposure on separate days, to O3 (0.2 ppm) and 
filtered air for 4 h during exercise demonstrated a significant O3 effect on FEV1, 
FVC and specific airways resistance as well as respiratory symptoms in asthmatic 
subjects and no significant differences in the lung function responses of the 
asthmatic subjects in comparison with a group of normal subjects. Findings from 



T. ROUSSOU AND P. BEHRAKIS 

 

82

proximal airway lavage and bronchoalveolar lavage 18 hours following exposure in 
the same groups showed a significant increase in various inflammatory parameters 
including percentage neutrophils, total protein, lactate dehydrogenase (LDH), 
fobronectin, interleukin-8, granulocyte stimulating factor (GM-CSF), 
myeloperoxidase (MPO) and transforming growth factor-beta (TGF beta 2) 
concentrations whereas the asthmatic subjects showed significantly greater (p < 
0.05) O3-induced increases in several inflammatory endpoints (percent neutrophils 

and total protein concentration) in BAL as compared with normal subjects who 
underwent bronchoscopy. These findings indicate that asthmatic persons may be at 
risk of developing more severe O3-induced respiratory tract injury/inflammation than 
normal persons, and may help explain the increased asthma morbidity associated 
with O3 pollution (Scannell et al., 1996). The effects of exposures to multiple 
pollutants are difficult to study in humans. A few controlled investigations and field 
studies indicate, however, that exposures to complex mixtures of air pollutants may 
have synergistic acute effects on pulmonary function and, possibly, on symptoms.  
A recent report suggests that even brief exposure to ozone can produce allergic 
asthmatic responses to aeroallergens. There is, moreover, a substantial body of 
experimental evidence in animals indicating that ozone can lower resistance to 
infection, facilitate sensitization and airway responses to airborne allergens, and act 
synergistically with airborne acidity to damage deep lung tissues (Mac.Nee et al., 
2000). 
 
Ozone is known to cause symptoms such as coughing, wheezing, and lung irritation 
at concentrations as low as 100 ppb (parts per billion). Symptoms often associated 
with exposure to ozone include a substernal chest pain, tearing and burning 
sensation. Relatively low amounts can cause chest pain, coughing, shortness of 
breath, and, throat irritation. Recovery from the harmful effects can occur following 
short-term exposure to low levels of ozone, but health effects may become more 
damaging and recovery less certain at higher levels or from longer exposures. 
 
2.2. Particulate matter 
 
Particulate air pollution (PM: particulate matter) is a heterogeneous classification of 
liquid and solid aerosols which includes anthropogenic emissions from fuel 
combustion (coal, oil, biomass), transportation, and high temperature industrial 
processes. Smaller particles (often less than PM3 (particulate matter of 3 micrometer 
(µm) aerodynamic diameter) include viruses and some bacteria, but mostly come 
from anthropogenic sources, including sulphate and nitrate aerosols and other 
combustion derived atmospheric reaction products; whereas larger particles (PM3 to 30) 
include pollen, spores, crustal dusts, and other mechanically generated dusts. Size is 
a critical determinant of deposition site, with larger particles (greater than PM2.5) 
tending to deposit in the nasal and tracheobronchial regions), and smaller particles 
(less than PM10) penetrating deeper into the lungs. 
 
Exposure to atmospheric fine particulate matter even at low ambient concentrations 
has been linked to increases in mortality and morbidity. A 10 microgram increase in 
PM10 has been associated with a 0.5% increase in daily respiratory mortality. 
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(Gavett et al., 2003) Increases of PM2.5 and PM10 significantly correlate with 
increased severity of asthma attacks and increased use of asthma medication 
(Dominici et al., 2003). In London, in December of 1952, smog coupled with 
unusually low temperatures and a 5 day temperature inversion resulted in a 
significant excess of respiratory illness and death. The major pollutants primarily 
result from domestic discharges of smoke with a prominence of acidic aerosols. 
Autopsy tissue studies demonstrated a predominance of soot and a variety of metal-
bearing particle types in all lung compartments (including air space, airway, 
interstitium and lymph node) (Gavett et al., 2003). 
 
Similarly, pollutants originating from the destruction of the World Trade Center 
(WTC) on September 11th 2001 have been associated with adverse respiratory 
responses in rescue workers and nearby residents something that has been supported 
by controlled exposure studies conducted on mice exposed to samples of WTC dust 
primarily PM2.5 at varying doses and length of exposure (time in hours). Results 
indicate that high level exposure in terms of PM2.5 concentrations correlate with 
airflow obstruction and inflammation and that comparable effects in people would 
be consistent with a 425micrograms/m3 for eight-hour exposure (Churg et al., 2003). 
 
Given a threshold dose of ambient air pollution the first effects are seen in the upper 
respiratory tract with symptoms including rhinitis (runny nose) the trachea and the 
bronchi where there is airway hyper-resposiveness, the result of inflammatory 
process triggering may manifest itself through symptoms including productive or not 
cough, shortness of breath (dyspnea), chest tightness and possibly wheezing 
depicting airflow through narrowed airways consequent to bronchoconstriction. The 
extent as well as severity of the symptoms depends on various factors including 
history of underlying respiratory disease, age, atopic predispostion (susceptibility to 
allergic reactions) as well as extent of exposure and concentrations and nature of 
ambient irritants. Furthermore, effects may be reversible or nonreversible in which 
case prolonged exposure and persistent effects may result in interference with 
normal daily activity of the individual, episodic respiratory illness, progressive 
respiratory dysfunction resulting in permanent respiratory injury and incapacitating 
illness (Abbey et al., 1998; Albright and Goldstein, 1996; Li et al., 2003; MacNee 
and Donaldson, 2000a). 
 
Particulate matter (PM2.5 and less) increases sensitization to aeroallergens, as seen by 
increased airway responsiveness to metacholine challenge testing of mice exposed to 
industrial ambient air pollution in vitro (Dick et al., 2003). It increases the frequency 
of exacerbations in individuals with preexisting respiratory disease (asthma, chronic 
obstructive pulmonary disease, cystic fibrosis etc.) and increases susceptibility to 
respiratory infections (Churg and Wright, 2002). Chronic inhalation studies 
associate particulate matter with the induction of various adverse effects including 
impaired lung clearance, chronic pulmonary inflammation, pulmonary fibrosis, as 
well as lung tumors (Oberdorster, 1996). The injurous effects of inhaled particulate 
matter may be seen either locally (in the lung) or systemically (Timblin et al., 2002). 
Particle size plays a role in determinig the nature, the intensity as well as the extent 
of the effect. Ultrafine particles seem to have a more extensive effect primarily 
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owing to their size (<100nm) that enables penetration deeper into the tissues. Data 
from in vitro and in vivo studies associate ultrafine particles with both local and 
systemic oxidative stress, pro-inflammatory gene regulation and altered blood 
coagulability (Abbey et al., 1999). In addition, in vitro studies exposing alveolar 
epithelial cell lines to ultrafine airborne particles (ultrafine carbon black-ufCB-a 
component of PM) demonstrate a dose-related expression of protooncogene and 
proliferation as well as apoptosis genes thereby alluding to the possible carcinogenic 
effects of these particles on alveolar epithelial cells (Atkinson et al., 2002). 
 
Inflammatory effects in relation to PM2.5 and less exposure locally in the lung include 
neutrophilia and lymphocytosis, increased concentrations of various inflammatory 
mediators such as increased expression of IL-8 messenger RNA in bronchial 
mucosa, increased levels of IL-8 in bronchial lavage fluid, up regulation of 
endothelial adhesion molecules, increased cytokine IL-10 in asthmatics, increased 
levels of TNF-∝ as well as, stimulation of NF-kappa B  (Archer et al.,  2004; Dick  
et al., 2003; Stenfors et al., 2004). On a systemic level, exposure to fine particulate 
matter induces a systemic inflammatory response stimulating the bone marrow to 
release leukocytes and platelets (Timblin et al., 2002). Studies in animals as well as 
humans showed that acute exposure to ambient particles accelerated the transit of 
polymorphonuclear (PMN) leukocytes whereas chronic exposure is associated with 
expansion of the PMN pool in bone marrow. Also, these polymorphonuclear 
leukocytes are less chemotactic and contain more damaging granules thereby 
strengthening their ability to destroy alveolar tissue (Timblin et al., 2002). 
 
Finally, chronic exposure to fine particulate matter, especially high organic carbon 
and polycyclic aromatic hydrocarbon (PAH) ultrafine particles that localize in the 
mitochondria where they cause major structural damage, induces oxidative stress 
and propagate pulmonary inflammation (Li et al., 2003). These particles have the 
ability to penetrated and establish themselves within the walls of the small airways. 
There, through their inflammatory effects, they stimulate submucosal goblet cell 
proliferation and hence increased mucous production as well as NF kappaB 
activation, procollagen gene expression resulting in epithelial cell proliferation, 
increased deposition of fibrotic tissue, excess muscle tissue in the walls of the 
airways leading to airway remodeling (Li et al., 2003; van Eeden and Hogg, 2002). 
Mineral dusts are more commonly associated with the above inflammatory changes 
in the airways including amosite asbestos, dusts with surface complexed iron and 
carbonaceous aggregates of ultra fine particles. 
 
Road traffic pollution is a significant public health problem, with particulate 
pollution from diesel exhaust of increasing concern. Diesel combustion products 
include gases, semi volatile organic substances, and particles of respirable size 
(particulate matter of less than 10 µm aerodynamic diameter; PM10). Increased PM10 
concentrations are associated with acute episodes of respiratory ill health and 
increased mortality from both cardiovascular and respiratory causes. For example, 
asthma symptoms increase by 20% when daily PM10 concentrations increase by 
50 µg/m3, and increases of 100 µg/m3 and 200 µg/m3 cause 20% increases in 
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hospital admissions and mortality, respectively (MacNee and Donaldson, 2000b; van 
Eeden et al., 2001). 
 
 
3. Transportation and traffic related pollution 
 
As population numbers and urban expansion increase, so does the number and use of 
automobile vehicles. The total miles driven by all passenger vehicles in the U.S. 
increased 2.7 times between 1965 and 1995. In an extensive study in Japan to 
determine the effects of air pollution from automobiles on humans, Kagava and 
associates have found that respiratory symptoms were more common in people 
living near busy traffic roads. It was also found that the prevalence of symptoms like 
cough and wheezing was reduced as people moved away from busy highways. 
Children were more susceptible to the adverse effects of these pollutants and hence 
the prevalence of respiratory symptoms was higher in children than in adults. People 
living within 20 meters from the road were largely affected. 
 
Vehicles, through fuel combustion, emit many pollutants including hydrocarbons 
(e.g., ethylene, formaldehyde, methane, benzene, phenol, 1,3-butadiene, acrolein, 
and polynuclear aromatic hydrocarbons), nitrogen oxides, fine particulate matter, 
carbon monoxide and toxic air contaminants known as hazardous air pollutants. 
Recently there has been increasing concern that the apparent increase in the 
prevalence of asthma may be due to increasing exposure to pollution, particularly 
from motor vehicles. Apart from asthma, toxic vehicle emissions have been 
associated with inflammatory exacerbations of underlying respiratory disease such 
as COPD, increased incidence of both upper and lower respiratory tract symptoms, 
increased susceptibility to infection and carcinogenesis (Nicholson and Case, 1983; 
Lee et al., 1994; 43). 
 
3.1. Carbon monoxide (CO) 
 
Carbon monoxide is formed by incomplete combustion of carbon containing fuels. 
Local accumulation in heavy traffic is the most important source for community 
ambient exposure. It is a colourless and odourless toxic gas which causes hypoxia by 
various mechanisms: (a) by the formation of carboxyhaemoglobin (COHb) with an 
affinity that is 200 times greater than oxygen; (b) by decreasing the delivery of 
oxygen to the tissues (the haemoglobin oxygen dissociation curve shifts to the left); 
(c) by inhibiting the action of cytochrome oxidases. Variations in uptake of CO are 
thought to be due to physiological variables such as lung capacity, diffusion constant 
of the lung, and dead space volume. Ventilation rate is also thought to affect CO 

uptake. In the 1980s, the concentration of COHb in the blood of city dwellers was 
found to be approximately double that in people living in rural traffic-free areas (Lee 
et al., 1994). Strenuous exercise in heavy traffic for 30 minutes can increase the 
level of COHb 10-fold, which is the equivalent of smoking 10 cigarettes (Nicholson 
and Case, 1983). 
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Sources of Community Carbon Monoxide exposure: 

• inside passenger car, commuting 5 ppm 

• proximity to busy roads, intersections 15 ppm 

• parking areas 4 ppm 

• traffic tunnels 5 - 42 ppm 
 
Other important contributors to CO exposure include traffic volume, traffic speed, 
winter season, motor vehicle density, age composition of the fleet, emissions 
standards for the fleet and vehicle characteristics (CO intrusion problem), 
community combustion of oil, gasoline, coal, wood, and use of lawn mowers, chain 
saws, space heaters, and charcoal. 
 
Smokers typically have COHb levels of 5-6%. Setting aside tobacco and indoor 
sources, the relationship between ambient CO concentrations and blood levels is 
largely determined by duration of exposure and ventilation rate; the latter is roughly 
correlated with workload. Mean wintertime carboxyhemoglobin (COHb) (in the 
general population) is thought to be about 1.2%, with 3-4% of population above 2%. 
For example, during heavy labor in a busy traffic tunnel with CO levels of 42 ppm, 
the COHb would reach about 5% in 90 minutes. Risk groups include commuters, 
smokers, persons working in traffic. Persons with cardiac and pulmonary disease are 
most vulnerable; symptoms such as dyspnea and angina may develop at COHb 
levels of 3-4% (Abbey et al., 1998; MacNee and Donaldson, 2000a; Roodman, 
1998). 
 
3.2. Diesel exhaust particles (DEPs) 
 
In addition to containing benzene, a known carcinogen, diesel exhaust contains high 
levels of fine soot, known as Small Particulate Matter, or SPM. The microscopic 
soot is easily inhaled deep into the lungs. 
 
Epidemiologic and experimental studies suggest that diesel exhaust particles (DEPs) 
may be related to increasing respiratory mortality and morbidity. Studies have shown 
that DEPs augment the production of inflammatory cytokines by human airway 
epithelial cells in vitro. Benzene-extracted components showed effects mimicking 
DEPs on IL-8 gene expression, release of several cytokines (IL-8 (interleukin-8), 
granulocyte macrophage colony-stimulating factor) and nuclear factor (NF)-kappa B 
activation (43). DEPs have now been postulated to induce intense inflammatory 
reactions in the airways. Sagai and colleagues showed that intratracheal instillation 
of DEPs induced airway inflammatory changes associated with hyperresponsiveness 
and cell infiltration, such as eosinophils in mice, which mimic those found in 
bronchial asthma.Workers exposed to diesel exhaust report respiratory symptoms 
accompanied by reversible decreases in lung function. The lung function changes 
appear to be caused by the particulate fraction of diesel exhaust, since filtering out 
the particulates reduces these changes. Controlled exposure to diesel exhaust 
provokes symptoms, increases in airway resistance, and inflammatory changes 
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within the lung and in peripheral blood. The studies in which the latter findings were 
made used whole diesel exhaust, which does not allow evaluation of the individual 
contributions of gases or particulates. Diesel exhaust particles (DEP) are thought to 
consist of a carbon core surrounded by trace metals, such as nickel, and salts into 
which are adsorbed organic hydrocarbons. A number of these components have 
inflammatory effects on the lungs of laboratory animals. For example, intratracheal 
instillation of ultrafine carbon particles in rats leads to neutrophil influx into the 
lungs, and to increases in bronchoalveolar lavage fluid (BALF) concentrations of 
tumor necrosis factor-(TNF)-α. Intratracheal instillation of nickel in rats causes 
severe and sustained inflammation, with generation of free radicals. Inhalation of 
hydrocarbons also leads to lung inflammation. For example, increases in the activity 
of a number of enzyme markers of acute inflammation were found in rabbit lung 
homogenates after exposure to n-hexane. The foregoing observations indicate that 
diesel particles themselves can induce airway inflammation. To date, there has been 
no evaluation of the effects of diesel particulates alone in human volunteers 
(MacNee and Donaldson, 2000b). 
 
3.3. Volatile organic compounds 
 
The general category of VOCs consists of many chemicals, including non-methane 
hydrocarbons (for example, alkanes, alkenes, and aromatics), halocarbons (for 
example, trichloroethylene), and oxygenates (alcohols, aldehydes, and ketones). 
There is a preponderance of carcinogens among VOCs - for example, benzene, 
polyaromatic hydrocarbons, 1,3-butadiene, many of the halocarbons. Owing to the 
carcinogenicity of benzene and polyaromatic hydrocarbons, no safe levels are 
recommended by WHO. 
 
Petroleum and gasoline consist of blends of over 250 diverse hydrocarbons. Many of 
these are toxic. Some, such as benzene, are carcinogenic. Hydrocarbons escape into 
the air during refilling, from the gasoline tank and carburetor during normal 
operation, and from engine exhaust. Transportation sources account for 30-50% of 
all hydrocarbon emissions into the atmosphere. 
 
3.4. Polycyclic aromatic hydrocarbons 
 
Benz[a]anthracene, along with a number of other polycyclic aromatic hydrocarbons, 
are natural products produced by the incomplete combustion of organic material. 
Polycyclic aromatic hydrocarbons and some of their metabolites are known to react 
with cellular macromolecules, including DNA, which may account for both their 
toxicity and carcinogenicity. The toxic effects of benz[a]anthracene and similar 
polycyclic aromatic hydrocarbons are primarily directed toward tissues that contain 
proliferating cells. Epithelial proliferation and cell hyperplasia in the respiratory 
tract have been reported following subchronic inhalation exposure (Reznik-Schuller 
and Mohr, 1974; Saffiotti et al., 1968). The primary concern with benz[a]anthracene 
exposure is its potential carcinogenicity. There is no unequivocal, direct evidence of 
the carcinogenicity of the compound to humans, however, benz[a]anthracene and 
other known carcinogenic polycyclic aromatic hydrocarbons are components of coal 
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tar, soot, coke oven emissions and tobacco smoke. There is adequate evidence of its 
carcinogenic properties in animals and oral exposures of mice to benz[a]anthracene 
have resulted in hepatomas, pulmonary adenomas and forestomach papillomas 
(Klein, 1963; Bock and King, 1959; U.S. EPA, 1991). 
 
 
4. “Acid rain” 
 
Another powerful secondary pollutant is acid rain, formed when sulfur dioxide and 
oxides of nitrogen combine with water vapor and oxygen in the presence of sunlight 
to form a diluted “soup” of sulfuric and nitric acids. They can fall as both wet (acid 
rain) or dry deposition. 
 
4.1. Sulfur dioxide (SO2) 
 
Sulphur dioxide gas is formed during the combustion sulphur-containing fossil fuel 
(coal and oil), during metal smelting, paper manufacturing, food preparation, and 
other industrial processes. It is an important contributor to acid aerosols and “acid 
rain”, and is typically a component of complex pollutant mixtures. Exposure to 
sulphur dioxide gas causes mucosal irritation of the upper respiratory tract. The level 
of exposure is important, as high levels of exposure may be lethal causing mucosal 
sloughing and alveolar hemorrhage. Odour threshold is achieved at 0.5 ppm whereas 
at 6-10 ppm the individual experiences irritation of the eyes, nose and throat and 
level as low as 0.25 ppm can provoke asthma exacerbation in exercising asthmatics. 
 
4.2. Nitrogen dioxide (NO2) 
 
Fossil fuel combustion generates nitrogen dioxide (NO2) and nitric oxide (NO) 
which is rapidly oxidized to NO2. NO2 reacts in the presence of sunlight and VOCs 
(volatile organic compounds) to form ozone, Nitrogen dioxide (NO2) is absorbed in 
both large and small airways. Very high concentrations (>200 ppm(parts per 
million)) are very dangerous, causing lung injury, fatal pulmonary oedema, and 
bronchopneumonia. Lower concentrations cause impaired mucociliary clearance, 
particle transport, macrophage function, and local immunity. 
 
 
5. High risk groups 
 
Existing epidemiological and toxicological data indicate that exposure to ambient air 
pollution is associated with respiratory toxicity. The decrements in pulmonary 
function observed in epidemiological and experimental studies involving children 
exposed to ozone and other pollutants may last longer than the episodes of pollution 
that initiate these changes (Lee et al., 1994). In a large study to examine the 
association between air pollution and a number of health outcomes, the relationship 
between daily GP consultations for asthma and other lower respiratory diseases 

(LRD) and air pollution in London was investigated. The study showed that there are 
associations between air pollution and daily consultations for asthma and other 
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lower respiratory disease in London. The most significant associations were 
observed in children and the most important pollutants were NO2, CO, and SO2. In 
adults the only consistent association was with PM10. 
 
5.1. Children 
 
A factor that increases children’s vulnerability to airborne pollution is that their 
airways are narrower than those of adults. Thus, irritation caused by air pollution 
that would produce only a slight response in an adult can result in potentially 
significant obstruction in the airways of a young child. Moreover, children have 
markedly increased needs for oxygen relative to their size. They breathe more 
rapidly and inhale more pollutant per pound of body weight than do adults. In 
addition, they often spend more time engaged in vigorous outdoor activity than 
adults. Experimental and epidemiological data provide grounds for concern about 
chronic lung damage from repeated exposures (Lee et al., 1994). Children 
experience reductions in peak expiratory flow measurements (PEF) and increased 
symptoms after increases in relatively low ambient PM10 concentrations, and 
children with diagnosed asthma are more susceptible to these effects than other 
children (Vedal et al., 1998). 
 
5.2. Elderly 
 
The elderly are also a high risk group with respect to increased mortality stemming 
from prolonged exposure to ambient particulate matter. In animal studies, the use of 
technetium-99m diethylenetriamine penta-acetic acid (DPTA) clearance indicates 
that increased lung tissue permeability in older animals may be associated with an 
enhanced uptake of soluble components of particulate matter (American Academy 
of Pediatrics, 1993). This observation may provide a possible explanation for 
increased mortality as well as morbidity from respiratory disease in the elderly 
which may also be dose-related not only with respect to concentration of particulate 
matter in ambient air pollution (particularly PM2.5 or less) but also to chronicity of 
exposure thereby perpetuating inflammatory processes as well as respiratory 
symptoms with all the anticipated ensuing results including higher risk of recurrent 
infections and compromised respiratory functioning (Albright and Goldstein, 1996; 
Churg and Wright, 2002; Churg et al., 2003; Gavett et al., 2003, 11). 
 
5.3. Chronic obstructive pulmonary disease 
 
Air pollution as a trigger for exacerbations of COPD has been recognized for more 
than 50 years. COPD has been reported in workers exposed to particulates, and there 
is increasing evidence that high levels of ambient particulate pollutants may also be 
associated with COPD. Induction of increased mucus secretion by air pollutants such 
as sulphur dioxide and possibly PM10 may contribute to the development of 
exacerbations of COPD, by increasing airway resistance and by the development of 
mucus plugging in the smaller peripheral airways, a feature commonly present in 
patients dying of COPD. In patients with COPD, and in cigarette smokers, there is 
damage to the cilia, which, together with the excess mucus produced, overwhelm the 
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mucociliary escalator and will reduce the ability of the lungs to deal adequately with 
inhaled particles. Airway epithelial cells also act as a barrier to inhaled pollutants, 
and are an important target for the toxic and potentially inflammogenic effects of 
particles. On exposure to particles and other forms of air pollutants such as nitrogen 
dioxide, epithelial cells can release inflammatory mediators (Official Statement of 
the American Thoracic Society, 1999). Various studies have also investigated the 
hypothesis that particulates, including air pollution particles, can induce airway wall 
fibrosis, a process that can lead to COPD. In experiments performed on rat tracheal 
explants, known fibrogenic dusts such as amosite asbestos produced increased gene 
expression of procollagen, transforming growth factor-ß, and platelet-derived growth 
factor, and increased hydroxyproline in the explants indicating that mineral dusts can 
be directly associated with the induction of fibrosis in the airway wall and particle-
induced airway wall fibrosis may lead to COPD (Li et al., 2003; van Eeden and 
Hogg, 2002). 
 
The dimension of the adverse effect of air pollution on respiratory function falls 
within a wide range. Healthy persons, for example, may sustain transient  reductions 
in pulmonary function associated with air pollution exposure which are reversible 
and therefore not considered to be adverse. There is also epidemiologic evidence 
that air pollution may adversely affect lung growth or accelerate the age-related 
decline of lung function however studies are limited in their power to detect such 
permanent effects. Finally, air pollution exposure can evoke symptoms in persons 
without underlying chronic heart or lung conditions and also provoke or increase 
symptom rates in persons with asthma and chronic obstructive lung disease 
including dyspnea or shortness of breath, cough either productive or not, inspiratory 
and/or expiratory wheezing, chest tightness, and potentially reducing physical 
activity due to the above and also increasing susceptibility to respiratory tract 
infections. 
 
 
6. Biomarkers 
 
The design of clinical studies – including controlled exposures of volunteers – has 
advanced and biologic specimens may be obtained after exposure, for example, 
using fiberoptic bronchoscopy, to identify changes in levels of markers of injury. 
Toxicologic studies have also improved through the incorporation of more sensitive 
indicators of the effect of exposure to ambient air pollution and the careful tracing of 
the relationship between exposure and biologically relevant doses to target sites, 
which may now be considered at a molecular level (Kharitinov and Barnes, 2000; 
MacNee and Donaldson, 2000a; WHOs 1999 Guidelines for Air Pollution Control, 
2000). 
 
Biomarkers relevant to air pollution measured in blood, exhaled air, urine, sputum, 
and in bronchoalveolar lavage fluids and tissue specimens collected by 
bronchoscopy. Also, bronchoalveolar lavage fluids are now frequently analyzed for 
cell numbers and types, cytokines (e.g. several interleukins and tumor necrosis factor 
α), enzymes (e.g., lactate dehydrogenase and β-glucoronidase), fibronectin, protein, 
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arachidonic acid metabolites, and reactive oxygen species all of which are markers 
associated with inflammatory processes of the respiratory system. Because many of 
the epithelial cell types of the nasopharyngeal region are similar to epithelia and 
responses in the trachea, bronchi, and bronchioles, responses of nasal cells have been 
examined as potential biomarkers for their ability to predict parallel responses in 
lung airways, which are more difficult to sample (Kharitinov and Barnes, 2001; 
MacNee and Donaldson, 2000; WHOs 1999 Guidelines for Air Pollution Control, 
2000) Nitric oxide is exhaled marker indicative of ongoing inflammation 
particularly useful in asthmatic patients. The progressive increase in exhaled NO 
from asymptomatic to symptomatic asthma suggests that exhaled NO measurements 

may be useful in monitoring occupational asthmas, and of the environmental health 
effects of air pollution on inflammatory processes of the respiratory system. High 
levels of exhaled NO and asthmalike symptoms in subjects with occupational 
exposure to high levels of ozone and chlorine dioxide may indicate the presence of 
chronic airway inflammation (WHOs Guidelines for Air Pollution Control, 2000). 
 
 
7. Conclusions 
 
Ground-level ozone, acid aerosols, and particulates have created a serious health 
problem. There does not appear to be a “threshold level” for ozone or particles 
below which no hearth effects are observed. Children and the elderly, both well and 
those with pre-existing cardiorespiratory disease, are particularly sensitive to these 
air pollutants. Air pollution appears to aggravate lung infections, possibly by 
reducing the body’s ability to fight infection. Even healthy outdoor workers show a 
measurable decrease in lung function when exposed to low-levels of ozone. Asthma 
is made substantially worse by current air concentrations of particles and ozone. 
Long-term exposure to air pollutants is associated with decreased lung function and 
increased city-specific mortality rates. Numerous studies conducted worldwide show 
a significant acute health consequence of exposure to particulates, and this pollutant 
may be responsible for between one and 10 per cent of all non-trauma mortality. 
Ambient air pollution is an important contributory factor compromising overall 
quality of life for the majority of the population inhabiting urban centres. The effects 
of air pollution depend on levels of exposure and susceptibility of the exposed 
population. Transportation and mobility seem to be significant daily perpetuators of 
air pollution to which every inhabitant is constantly exposed and most of all those 
residing in large urban centres. Air pollution also affects the workforce, is the 
primary cause in as many as 50 million cases of occupational chronic respiratory 
disease each year -a third of all occupational illnesses- and is a major burden on 
overall health costs. This culminates in a considerable compromise to the quality of 
life for millions of people of all ages throughout the world. Physicians should advise 
patients about the risks of smog exposure, should support more health effects 
research on air pollution, and should advocate the development of air pollution-
related health education materials. 
 
Efforts are being made to enhance awareness of the adverse effects of air pollution 
in an attempt to enable mechanisms to minimize and restrict them. Epidemiologic 
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research designs have been refined and large sample sizes and increasingly accurate 
methods for exposure assessment have increased the sensitivity of epidemiologic 
data for detecting evidence of effects. New statistical approaches and advances in 
software and hardware have facilitated analyses of large databases of mortality and 
morbidity information. 
 
Reducing the levels of air pollution is imperative. Legislation has facilitated the 
emissions from industry to be reasonably well controlled. However, given that 
motor vehicles are the major culprits, it will be necessary to make some hard 
decisions about restricting their use and/or improving their technology. De-
urbanization, in order to slow the continuing growth of cities, and the development 
and use of public transport can constitute a potential initiation towards solving the 
problem of air pollution in large urban centres. Ideally, only a non-polluting 
renewable source of energy will solve the problem of air pollution. 
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Summary 
 
The Aegean sea is the crossroads of various pollutants, as pointed out by earlier 
studies (e.g. Lelieveld et al., 2002; Zerefos et al., 2002). Ozone precursors with the high 
photochemical activity maintain high background values which exceed the 
phytotoxicity limit of 32 ppb but exceed also the human exposure limits often in the 
summertime. Because of this high background, ozone can be regulated only if 
emission abatement strategies involve several countries in Europe. The aim of the 
paper is to present evidence from modelling and observational results of the 
importance of transboundarily transported primary and secondary air pollutants in 
the SE Mediterranean which is experiencing the highest levels of surface ozone 
compared to all other European regions.  
 
 
1. Introduction 
 
Atmospheric pollutants such as ozone, oxides of nitrogen and sulphur are of health 
concern and they may also impact the climate. Negative aspects of ozone pollution 
include not only health effects but also effects on crop yield and forest impacts. NO2 
and SO2 contribute to the acid rain phenomenon, which severely impacts forest 
resources in some European areas. Further, ozone has a large negative respiratory 
impact on outdoor intensive recreational activities (such as those related to sports) 
and agricultural or other outdoor activities (such as tourism) and NO2 and SO2 
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pollution can also impact visibility (Skalkeas, 2004). Children and elderly people are 
believed to be especially susceptible to the negative impacts of ozone on lung 
function. Exposure to high levels of ozone during childhood has also been related to 
asthma outbreaks at a later stage of life (Katsouyanni, 2004). Because of 
demographic changes, the percentage of the elderly is expected to increase 
considerably during the next few decades, the frequency and severity of the ozone-
related health impacts are also expected to increase, unless mitigating steps are taken 
based on sound scientific recommendations. 
 
Therefore, several air pollutants harmful to human health, have been targeted by EU 
Directives, international Conventions and their subsequent protocols such as the 
Convention on Long-Range Transboundary Air Pollution (CLRTAP) (Geneva, 
1979) and the Kyoto (1997) protocols. Although ratification of the above protocols 
and implementation of a large number of EU Directives have improved air quality in 
large areas of Europe, there are still tens of millions of people living in European 
countries exposed to ozone concentrations exceeding the World Health 
Organization’s guideline for protecting human health (EEA, 1998; ETC/AQ, 1999). 
Similarly, several million hectares of sensitive ecosystems in Europe are still 
receiving acidifying and eutrophying deposits of air pollutants in excess of the 
critical loads (e.g. Tarrason and Schaug, 2000).   
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Figure 24. Columnar SO2 amounts as measured by a Brewer monochromator at a station in SE 
Europe. Due to control measures, the winter peak apparent in 1991-1995 data has decreased in 
the last five years. The summer peak, however, mainly from LRT, remained unaffected. 
 
A particularly suited area of concern is SE Europe. There is by now ample evidence 
that SE Europe is experiencing high regional values of ozone (Kouvarakis et al., 
2000; Kourtidis et al., 2002) and transported SO2 (Eisinger and Burrows, 1998; 
Zerefos et al., 2000; Zerefos et al., 2002; Lelieveld et al., 2002). Figure 24 shows an 
example of the seasonal variation of columnar SO2 amounts at Thessaloniki station 
downwind from major sources of SO2 in the Balkan Peninsula. Due to control 
measures, the winter peak apparent in 1991-1995 data has decreased in the last five 
years. The summer peak, however, mainly from Long-Range Transport (LRT), 
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remained unaffected. This region has also been especially targeted because the 
relatively high regional SO2 amounts improve the accuracy of the satellite columnar 
SO2 retrievals and in addition there is one ground-based station with continuous 
long-term observations of columnar SO2 amounts, which can be used for additional 
validation of the satellite SO2 observations. 
 
Figure 25 shows the distribution of surface ozone over Europe calculated in the Oslo 
global chemistry model with the 2000 ozone precursor emission. It is evident (and 
has lately been confirmed by measurements) that SE Europe experiences relatively 
high ozone levels both in summer and winter. A large portion of the ozone over SE 
Europe is the result of LRT processes. 
 
 
2. Results and discussion 
 
As mentioned in the introduction, enhanced ozone levels have been observed over 
the eastern Mediterranean region during the summer months (Kourtidis et al., 1997, 
2000; Kouvarakis et al., 2000). Such enhancements can have several sources: Local 
anthropogenic emissions of ozone precursors (NOx, CO, nonmethane hydrocarbons 
(NMHC)), a combination of anthropogenic and natural emissions (isoprene, 
terpenes) or long-range transport of ozone and ozone precursors from industrial 
areas outside the region. A particular study has been performed using the global 3-D 
Oslo CTM2 to estimate the effect of local anthropogenic emissions on the ozone 
levels over Greece. 
 
The Oslo Chemical Transport Model (CTM2) (Sundet, 1997) is an off-line chemical 
transport/tracer model (CTM) that uses precalculated transport and physical fields to 
simulate chemical turnover and distribution in the atmosphere. Both in the horizontal 
and vertical levels the model has a resolution that is determined by the input data 
provided. In this paper a data set for 1996 with T63 (1.9o x 1.9o) in the horizontal 
and 19 vertical levels from the surface up to 10 hPa was used. The model has an 
extensive set of chemical reactions, particularly designed to study the nonlinear 
ozone chemistry in the troposphere. Ozone precursor emission from anthropogenic 
as well as from natural sources (NOx, NMHC, CO, isoprene), atmospheric oxidation 
initiated by solar radiation, removal by cloud and precipitation processes and by 
surface deposition are included. Photodissociation is done online. The impact of 
local emissions is calculated by performing two model experiments: 
 
First, the current (1996) mean monthly distribution of chemical compounds affected 
by the ozone chemistry is estimated by performing calculations for 1 year + spin-up 
time (3 months) using current emission rates (Karlsottir et al., 2000). Second, a 
perturbation run for 3 months is performed, starting with the calculated April 
distribution and giving the mean ozone distribution for the month of July. In the 
perturbation run, all anthropogenic emissions (NOx, CO, NMHC) over Greece 
(NOx, CO, NMHC) are reduced to half their values in the base case. The calculated 
average distributions for July in the two perturbations are compared. 
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Figure 25. Surface ozone distribution over Europe during winter (January, left) and summer 
(July, right) calculated in the Oslo global chemistry model with the 2000 ozone precursor 
emission. 
 
As expected, ozone precursors like NOx and CO are significantly reduced over the 
source region, particularly NOx, which has a short chemical lifetime. The reduction 
of the more long-lived precursor CO is on the order of 40 ppb (∼10-15%), some 
reduction extending outside the source region. The perturbation in the July average 
distribution of surface ozone is given in Figure 26.  
 

 
Figure 26. July average reduction in surface ozone distribution from a 50% reduction in 
ozone precursor emissions (NOx, CO, NMHC). The values are in ppbv (revised from Zerefos 
et al., 2002). 
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As it appears from Figure 26 (adopted from Zerefos et al., 2002) ozone levels are 
reduced when precursor emissions are reduced. The reductions are largest over 
Greece and the Aegean Sea, with maximum values on the order of 10% (∼7 ppb). 
Outside the region, ozone perturbations drop off rapidly. The impact of local 
emissions is also strongly reduced when we go above the planetary boundary layer. 
The calculations indicate that there are modest local contributions to the high surface 
levels observed in the region. On the other hand, free tropospheric ozone levels in 
the region seem to be dominated by long-range transport. This is in agreement with 
the observational results of Kourtidis et al. (2002) and Kouvarakis et al. (2002). 
 
3. Conclusion 
 
Evidence has shown that SE Europe is influenced by transboundarily transported 
primary and secondary air pollutants. Model calculations showed that even under 
strict measures which include draconian cuts in regional emissions reduce air 
pollutant levels (surface ozone) these are not enough for pollution abatement 
strategies. Therefore CLRTAP should be taken into account in an expanded version 
whenever political decisions are made on a European scale level, particularly in 
view of the EU enlargement. The Aegean sea being the crossroads of various 
pollutants and ozone precursors maintain high background values which exceed the 
phytotoxicity limit of 32 ppb but exceed also the human exposure limits often in the 
summertime. Because of this high background, ozone can be regulated only if 
emission abatement strategies involve several countries in Europe.  
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Summary 
 
Suspended aerosol particles and tropospheric ozone (O3) play a key role in 
atmospheric chemistry and the climate of the earth. Recent epidemiological studies 
performed in the USA and Europe have shown that urban mortality rates are highly 
correlated with mass concentration of fine particulate matter (PM) of a diameter less 
than 2.5 microns (PM2.5). Increased morbidity and mortality in association with 
short-term increases in exposure to PM were observed among people with 
respiratory and cardiovascular disease. In addition to high PM mixing ratios, high 
ozone concentrations can irritate the respiratory system, reduce the lung function, 
aggravate asthma and inflame and damage the lining of the lung. However, synergy 
between the effects of exposure to PM and O3 is not convincingly demonstrated, yet. 
Therefore there is an increasing necessity for continuous monitoring of PMs and O3, 
especially over urban areas. In this paper a brief review of the LIght Detection And 
Ranging (LIDAR) technique capability to monitor suspended aerosol particles 
(PM0.3-PM10) and tropospheric ozone in urban and rural sites is given. Selected 
examples of PM and O3 measurements are presented for a photochemical smog case 
and a Saharan dust event, respectively. Finally, we highlight the possibilities given 
by the LIDAR technique to develop tools assisting decision-makers for adopting 
novel air pollution management and abatement strategies. 
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1. Introduction 
 
Tropospheric aerosols arise from natural sources (sand storms, deserts, volcanoes, 
etc.), sea spray, forest fires, and from anthropogenic sources (combustion of fossil 
fuels, biomass burning, etc.) (Prospero and Carlson, 1972; Duce, 1995; Seinfeld and 
Pandis, 1998; Ramanathan et al., 2001; Prospero et al., 2002). Tropospheric ozone is 
mostly produced photo-chemically in the lower atmosphere, when intense solar 
irradiation and ozone precursors (i.e. hydrocarbons from, for example, traffic, 
industrial emissions and biomass burning) are available. Since the 1980’s the global 
concentrations of aerosols (or suspended particulate matter or PM) and ozone are 
continuously increasing around the planet (Logan, 1994; Lelieveld et al., 1999; 
Ramanathan et al., 2001; Kourtidis et al., 2002).  
 
Tropospheric ozone and suspended particulate matter contribute intensively to the 
radiative and the climate forcing of the earth (Houghton et al., 2001; Seinfeld et al., 
2004), and can have negative effects on human health. Recent epidemiological 
studies performed in Europe in the frame of the APHEA project examined the short-
term effects of particulate air pollution on cardiovascular diseases and total mortality 
over eight European cities (Touloumi et al., 1997; Katsouyanni et al., 2001; Le 
Tertre et al., 2002). 
 
In addition, recent epidemiological studies performed in the USA showed that urban 
mortality rates are highly correlated with mass concentration of fine particulate 
matter (PM) with a diameter of less than or equal to 2.5 microns (PM2.5). Increases 
of morbidity and mortality in association with short-term increases in exposure to 
PM was observed among people with respiratory or cardiovascular diseases 
(Dockery and Pope, 1996; Schwartz et al., 1996; Samet et al., 2000). In addition, 
high ozone concentrations can irritate the respiratory system, (Janic et al., 2003). 
However, synergy between the effects of exposure to PM and O3 is not, as yet, 
convincingly demonstrated. Therefore, it is important to monitor PMs and O3 
continuously, especially in and around urban areas where the highest concentrations 
are recorded. 
 
Laser remote sensing techniques offer the possibility to study a large variety of 
parameters and characteristics of the earth’s atmosphere with high temporal and 
spatial resolution over periods ranging from a few hours to months (Measures, 1992; 
Hamonou et al., 1999; Gobbi et al., 2004). For more than thirty five years now, 
various types of ground-based LIDAR systems (including ceilometers) have been 
continuously probing the earth’s atmosphere, in conjunction with several other 
remote sensing techniques (sun photometers, spectrophotometers, radiometers, etc), 
to measure ozone and aerosol properties (optical depth, spatial distribution and 
layering, diurnal variation, etc.), as described by Measures (1992), Davis et al., 
(1997) and Hamonou et al., (1999). Airborne and space-borne LIDAR systems have 
recently been used (e.g., LITE-GLAS/NASA) or are to be used (e.g., 
CALIPSO/NASA-CNES) to observe the vertically resolved variability of aerosols in 
the earth’s atmosphere on regional and global scales (Spinhirne et al., 2004; Winker 
et al., 2004). 
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2. Effects of air pollutants on human health 
 
Among the many important air pollutants in the urban troposphere (CO, SO2, CH4, 
HCs, CO2, NOx) we focus here on tropospheric ozone and suspended particulate 
matter. Both of them have very important effects on the earth’s climate change 
(Roelofs et al., 1997) and on human health (Touloumi et al., 1997). Aerosols can 
travel over long distances depending on the meteorological conditions and their size 
and their residence time in the troposphere ranges from a few days to a few weeks 
(Seinfeld and Pandis, 1998). Aerosols can be toxic, by composition or by structure 
(size or shape). They can cause respiratory and blood circulation problems, since 
they enter the human body by inhalation and affect people with respiratory or 
cardiovascular diseases (Dockery and Pope, 1996; Schwartz et al., 1996; Samet et al., 
2000, Janic et al., 2003; Neuberger et al., 2004). Aerosols have also important 
effects on ecosystems and climate: the ecosystems are affected by significant mass 
transport of aerosols and aerosols contribute substantially to radiative forcing 
(Houghton et al., 2001; Seinfeld et al., 2004), through scattering of short-
wavelength solar radiation and modification of the shortwave reflective properties of 
clouds, thereby exerting a cooling influence on the planet (Charlson et al., 1992). 
 
High tropospheric ozone concentrations have important effects on ecosystems 
(phyto-toxicity) and climate (Global Warming effects, thereby exerting a large 
influence on the earth’s thermal and radiative budget). Therefore, regarding 
phytotoxicity effects of ozone the respective EU legislation limit is 32 ppbv for 24 
hours (EU Directive, 2002). A review of records of impacts of ambient ozone on 
crops in the Mediterranean concludes that there is evidence of visible injury on 24 
different agricultural and horticultural crops [Fumagalli et al., 2001]. Regarding the 
ozone-climate interaction it plays a major role in earth’s radiative forcing since it is 
an important greenhouse gas mainly in the upper troposphere (Roelofs et al., 1997; 
Houghton et al., 2001). 
 
High tropospheric ozone concentrations have also very important effects on human 
health: they irritate the human respiratory system and the eyes, reduce lung function, 
aggravate asthma, inflame and damage the lining of the lung, aggravate chronic lung 
diseases (emphysema, bronchitis) and finally, make people more sensitive to 
allergens that cause asthma attacks (Samet et al., 2000; Ducusin et al., 2003; Oftedal 
et al., 2003). These important ozone effects on human health have led to the 
adoption of EU legislation setting an upper exposure limit of 50 ppbv for 8 hours for 
human health protection (EU Directive, 2002). Recently, there has been a debate 
over whether the body of available scientific evidence justifies the application of this 
limit to southern Europe (Ashmore and Fuhrer, 2000; De Santis, 2000) where ozone 
concentrations are generally higher due to intense solar irradiance which leads to 
higher ozone photochemical production.  
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3. Instrumentation and methods 
 
3.1. The LIDAR technique 
 
The LIDAR technique is an active remote sensing method that offers the possibility 
of acquiring the vertical profiles of air pollutants (PM, O3, SO2, NOx, CO2, Hg, 
benzene, toluene, etc.) in the troposphere (from ground up to 5-8 km height) with 
very high spatial (around 10-15 m) and temporal resolution (a few seconds up to a 
few minutes) (Measures, 1992). The LIDAR technique is based on the emission of 
laser pulses (ns or fs duration) to the atmosphere under study. According to the air 
pollutant or the atmospheric parameter to be studied the correct wavelength(s) have 
to be selected. In the case of atmospheric aerosol measurements wavelengths 
ranging from the ultraviolet to the infrared region (0.355 to 12 µm) can be selected. 
In the case of ozone measurements wavelengths in the ultraviolet region must be 
selected (Papayannis et al., 1990).  
 
The backscattered laser photons by the atmospheric volume under study are 
collected by a receiving telescope. The wavelength selection of the LIDAR signals is 
performed by a set of spectral narrow-band interference filters or a high-resolution 
spectrometer. Photomultipliers and/or avalanche photodiodes are used to detect the 
backscattered photons at the respective wavelengths. Finally, the LIDAR signals are 
acquired and digitized in the analog and/or the photon counting mode by fast 
transient recorders and subsequently transferred to a personal computer for further 
analysis and storing (Measures, 1992). 
 
The capability of the LIDAR technique to derive range-resolved vertical profiles of 
atmospheric parameters (humidity, wind velocity, temperature, etc.) and 
concentrations of air pollutants with very high spatial (around 10-15 m) and 
temporal resolution (a few seconds up to a few minutes) arises from the emission of 
a series of short (ns or fs duration) laser pulses with high repetition rate to the 
atmosphere at a given time, coupled with fast detection electronics (transient 
recorders). Measuring the delay time between the emitted and the received laser 
pulses one is able to calculate the distance of the probed atmospheric volume and 
thus perform range-resolved measurements of the desired air pollutants or 
atmospheric parameters (Measures, 1992).  
 
In order to improve the LIDAR system’s accuracy in the retrieval of molecular air 
pollutants profiles (O3, SO2, NOx, CO2, benzene, toluene, etc.) a set of two or three 
wavelengths has to be selected in order to minimize the differential scattering or 
absorption by the aerosol particles or other interfering molecular air pollutants 
(Papayannis et al., 1990; Measures, 1992). For every pair of laser wavelengths 
emitted a differential absorption takes place: the first wavelength (‘on’ wavelength) 
is strongly absorbed and the second (‘off’ wavelength) is weakly absorbed by the 
molecular air pollutant under study. In that case the LIDAR technique is called 
Differential Absorption LIDAR (DIAL) technique. 
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If a scanning LIDAR system is employed, three-dimensional maps of various air 
pollutants can be acquired, which, if combined with wind data, can provide air 
pollutant fluxes over selected urban areas (Schoulepnikoff, et al., 1998; Fiorani et al., 
1998; Kambezidis et al., 1998; Zwozdziak et al., 2001). Additionally, if the LIDAR 
information is combined with wind flow data (e.g., three-dimensional air mass back 
trajectory analyses), large air pollution source regions can be identified Balis et al., 
2003). As it will be explained in Section 5, LIDAR data in conjunction with data 
from conventional ground air pollution (chemical analyzers, DOAS systems) and 
meteorological sensors can be used as input to air pollution forecasting models. 
Once these models are validated against real air pollution data they can be used to 
help decision-makers on designing and adopting the optimum strategy for air 
pollution reduction in large urban agglomerations (Thomasson, 2001; Vautard et al., 
2001). For instance, a recent publication (Hodzic et al., 2004) shows the ability of 
the aerosol chemistry transport model CHIMERE to simulate the vertical aerosol 
concentration profiles at a site near the city of Paris and this is evaluated using 
routine elastic backscatter LIDAR and sun photometer measurements.  
 
3.2. The EARLINET project 
 
The EARLINET (European Aerosol Research Lidar Network to Establish an 
Aerosol Climatology) lidar Network is composed of 22 coordinated stations 
distributed over most of Europe (Figure 27), using advanced laser remote sensing 
instruments to measure directly the vertical distribution of aerosols in the Planetary 
Boundary Layer (PBL) and the adjacent free troposphere (FT), supported by a suite 
of conventional instrumentation (sun photometers, UVB radiometers, spectral 
photometers, meteorological stations, etc.) as described by Bösenberg et al., (2001) 
and Bösenberg et al., (2003). 
 
The objectives of EARLINET, among others, are: (1) to establish a comprehensive 
and quantitative climatological data base for the horizontal and vertical distribution 
and variability of aerosol over Europe, (2) to provide aerosol data with unbiased 
sampling during Saharan dust outbreaks towards Europe, and (3) to provide the 
necessary data base for validating and improving numerical models describing the 
evolution of aerosol properties and their influence on climate and environmental 
conditions. 
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Figure 27. The EARLINET lidar network. 
 
 
4. Experimental results - examples 
 
We present some selected experimental results from LIDAR measurements of ozone 
and aerosol particles in Europe. Figure 28 shows the temporal evolution (07:30 to 
10:30 UT) of a Saharan dust event recorded by LIDAR over the city of Athens on 22 
September 2001. In this Figure the derivative of the logarithm of the range-corrected 
(Measures, 1992) lidar signal (provided in the right-column grey scale) is shown 
which in fact delineates the atmospheric regions with low and high aerosol loads. 
The suspended aerosol particles over Athens are observed at around 3-4 km height 
asl. and correspond to the arrival of Saharan dust aerosols, as confirmed by air mass 
back-trajectory analysis (Papayannis et al., 2004a). 

 
The aerosols trapped at the top of the convective PBL, are observed between 1.2 and 
1.7 km height asl. (in lighter colour). This information about the PBL height is 
extremely important for air pollution studies and forecasting models, since all 
emitted primary air pollutants are mostly trapped inside the PBL, thus influencing 
the air quality near ground. The aerosols inside the PBL (altitudes lower than 1200 
m asl.) are nearly homogeneously mixed and are presented by the darker colours. No 
data are shown below 400 m height asl., which is the region where full overlap 
(Measures, 1992) between the emitted laser beam and the receiving telescope 
occurs, since the lidar station in Athens is located at an altitude of 220 m asl. 
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Figure 28. Temporal evolution of a Saharan dust outbreak over Athens, Greece (grey scale 
provides the derivative of the logarithm of the range-corrected lidar signal). 
 
An example of a series of ozone vertical profile measurements performed over the 
city of Paris, France (Papayannis, 1989) using the differential absorption LIDAR 
technique is shown in Figure 29 for July 19, 1988, during a photochemical smog 
episode. During that day high ozone concentrations (>1012 mol/cm3) were recorded, 
between 0.47 and 0.65 km asl. It is interesting to note the high ozone values (around 
1.5x1012 mol/cm3 or equivalent mixing ratios of 75 ppbv) recorded over Paris inside 
the PBL at altitudes below 0.6 km, between 18:30 and 18.55 hours (local time). 
Nevertheless, these values are much lower than the extremely high values (around 
150-200 ppbv) recorded during August 2003, in conjunction with extremely high 
temperatures (around 40°C), causing the death of more than 14.800 persons over the 
French capital (Dhainaut et al., 2003). 
 
It is also very important to mention that the ozone values generally recorded during 
summer time over Southern Europe (Bonasoni et al., 2000) and especially over the 
Eastern Mediterranean region (Lelevield et al., 2002; Kourtidis et al., 2002; 
Kalabokas et al., 2004; Papayannis et al., 2004b) are usually higher than the 
European Union (EU) guidelines for 8-hours and 24-hours standards (100 µg/m3 or 
50 ppbv and 64 µg/m3 or 32 ppbv, respectively) for ambient ozone concentrations 
(EU Directive, 2002), due to intense solar irradiance which leads to higher ozone 
photochemical production. 
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Figure 29. Ozone vertical profile recorded by LIDAR over Paris, France (19 July 1988). 

 
 
5. How the LIDAR technique can help to develop tools to assist decision-

makers 
 
Decision-makers urgently need guidelines to adopt strategies to abate air pollution in 
large urban agglomerations all over the world (DETR, 2000). The example of more 
than 14.800 deaths in the city of Paris during August 2003 (caused by the synergy of 
very high temperatures and ozone concentrations) clearly demonstrates this need. It 
is well known that the ground air pollution monitoring networks are not adequate to 
provide data able to fully characterize and help scientists understand the mechanisms 
of air pollution formation and modifications processes over large urban sites. This is 
due to the fact that the photo-chemical reactions responsible for air pollutant 
formation take place in the lower troposphere inside the PBL (from ground up to 
several hundred meters) where the primary pollutants are emitted. In addition, wind 
recirculation in the lower troposphere leads to convective mixing (Millan, 1994; 
Soriano et al., 2001) or advection of air pollutants inside the PBL. Thus, their 
vertical profile may be variable.  
 
The only technique, currently available to monitor the vertical distribution of the 
main air pollutants with high temporal and spatial resolution is the LIDAR 
technique. In addition, numerical modelling is a powerful tool for evaluating 
pollution abatement policies (Soriano et al., 2001). Thus, the LIDAR data in 
conjunction with data from conventional ground air pollution sensors (chemical 
analyzers, DOAS systems) and meteorological sensors/profilers can be used as input 
to air pollution forecasting models. Once these models are validated against real air 
pollution data they can be used as a tool to help decision-makers on designing and 
adopting the optimum strategy for air pollution reduction and management in large 
urban agglomerations. For example, decision-makers take steps for the reduction of 
emissions from primary pollutants and forecast the concentration levels of secondary 
air pollutants. Up to now, several air pollutants (like ozone, nitrogen oxides, 
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aerosols, benzene, toluene, etc.) have been measured by LIDAR in urban areas in 
France by national agencies (e.g. INERIS and AIRPARIF) and their profiles have 
been compared to simulated model data, as described by Thomasson (2001), 
Vautard et al. (2001) and Hodzic et al. (2004). 
 
Therefore, to design a strategy to abate and manage air pollution the following steps 
are recommended:  

• step 1: identify and quantify significant sources of the individual pollutants 
over the area under study and produce an updated local emission inventory 
in combination with available meteorological data (DETR, 2000), 

• step 2: monitor air pollution at ground level and aloft by combining 
LIDARS, DOAS, conventional chemical analysers and satellite data,  

• step 3: understand the air pollution formation mechanisms and circulation 
patterns, 

• step 4: use observed air pollution data (see step 1) as input to prognostic 
Atmospheric Chemistry Models and explore different scenarios in short- 
and long-range. And finally, as evidently necessary in any strategy to 
manage and abate air pollution, 

• step 5: reduce air pollution (industrial and vehicle) emissions to improve 
local air quality (DETR, 2000). This should be the most important step for 
a successful air pollution abatement strategy. 

 
Step 5 should focus on the following targets (DETR, 2000): 
 

1. Systematic real-time monitoring of large and minor air pollution sources 
(industrial, power plants, domestic, traffic, etc.), 

2. Application of severe penalties for polluting industries, by adoption of EU 
directives, using data from target 1, 

3. Minimize the release of primary air pollutants of industrial or vehicle 
traffic origin (SO2, NOx, PM, VOCs, etc.) using novel filtering 
technologies, 

4. Improve and extend public transportation means, 
5. Improve traffic circulation in urban areas and adopt clean car technology 

(green transport plans). 
6. Use of renewable energy resources for production of electricity, 
7. Use natural gas in transportation and industry, 
8. Increase the public green and forest areas, 
9. Preserve large-scale natural forests, 
10. Develop infrastructure for alternative transportation (i.e. bicycles), 
11. Reduce domestic wastes (use of recyclable material) and apply energy 

saving techniques. 
 
6. Conclusions 
 
This paper provides a short review of the effects of ozone and aerosol particles on 
human health and gives selected typical examples of LIDAR measurements of air 
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pollution (O3 and PMs) in Athens and Paris. Co-ordinated LIDAR measurements of 
aerosol particles are performed continuously since May 2000 over the European 
continent in the framework of the EARLINET project. In order to help decision-
makers to adopt strategies to manage and reduce air pollution in large urban 
agglomerations, we provided guidelines toward this direction, on a 5-step procedure. 
One of the most important measures for a successful air pollution abatement strategy 
should be the one to minimize the primary air pollutant emissions from large source 
regions (car traffic, industrial complexes, power plants, biomass burning activities) 
and to increase and preserve the large green areas (forests) over the planet (such as 
tropical rain forests, forests in Siberia and N. America, Europe, etc.). 
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Summary 
 
Particulate matter (PM), unlike other air pollutants such as carbon monoxide or 
ozone, is not a single compound. Particles can be either solids or liquids and can 
vary greatly in size, shape, and chemical composition. The effects of particulate 
aerosols on human health include damage to the cardiovascular system, aggravation 
of existing respiratory diseases, and increases in lung cancer mortality. Evidence of 
increased mortality from exposure to the types of particulate matter associated with 
traffic, including diesel exhaust, has been established. Children, the elderly, and 
those with pre-existing conditions such as asthma are particularly susceptible. 
Regulatory actions initially focused on larger particles, but increasingly they have 
targeted the smaller PM10 and PM2.5 fractions. Control strategies for particulate 
matter must be targeted to a given size fraction and take into account the various 
origins, both natural and man-made, for each type of particle. 
 
 
1. Introduction 
 
Particulate matter (PM) is part of the natural environment. It can arise from sources 
such as sea spray, wind blown dust, volcanic emissions, fungal spores or pollen. 
Anthropogenic activities also contribute to the atmospheric load of particulate matter 
through activities such as traffic, mining, construction, agriculture, or power plant 
emissions. Until fairly recently, the health effects of particulates on humans had not 
been studied to the same extent as other air pollutants and little attention had been 
paid specifically to the smaller size particulates (Commission of the European 
Communities, 2001). However, both toxicological and epidemiological studies have 
now demonstrated the negative consequences to human health of exposure to 
particulate matter, even at low concentrations and without apparent threshold. 
Inhalation of particulate matter has been linked to pulmonary inflammation and 
injury, cardiovascular impairment, pulmonary hypertension, and increased rates of 
death. Those at highest risk are the elderly, children, and those with respiratory 
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ailments or cardiovascular disease (US EPA, 1996). It is now apparent that 
regulating and controlling human exposure to particulate matter is essential if the 
health impacts of air pollution are to be minimized.  
 
This paper will describe different types of airborne particulate matter, their sources 
and properties, absorbance mechanisms for particles, and evidence of adverse health 
effects of PM on humans from toxicological and epidemiological studies. The 
regulatory status for measuring and controlling particulate matter in both Europe and 
the United States will also be discussed. 
 
 
2. Classification of particulate matter 
 
The term particulate matter seems to imply a solid, but actually PM can consist of 
liquid droplets, solids, or solid cores surrounded by liquid. Size is the critical factor 
for airborne particulate matter since the particles must be small enough to remain 
suspended in air for a period of days, weeks, or months. Typically, this means they 
must be less than about 45 µm in diameter. The shapes of the particles and their 
chemical composition can vary greatly, as can their source (US EPA, 2003a). 
 
Particles can be classified in a number of ways. Primary particulate matter exists in 
the same chemical form as when it was generated, whereas secondary PM involves 
condensates of gases or liquids onto the surface of a particle, the coagulation of 
smaller precursor particles to form larger particles, or oxidation and subsequent 
reaction of molecules such as sulfur dioxide, nitrogen oxides, or volatile organic 
compounds (US EPA, 2003a). In Europe, suspended salt particles from evaporation 
of sea spray, suspended soil particles, and in Mediterranean regions Saharan dust 
and volcanic emissions are major natural sources of primary particulate matter 
(Blanchard and Woodcock, 1980; Löye-Pilot et al., 1986; Nicholson, 1988; Haulet 
et al., 1977; Malinconico, L.L., 1979).   
 
Anthropogenic contributions tend to be more important for secondary particulate 
matter, especially in urban areas. Photochemical smog, for example, produces a 
complex soup of organic molecules, few of which were emitted directly from 
tailpipes. These organic chemicals can be absorbed onto what otherwise might be 
fairly innocuous naturally occurring dust particulates in the ambient air to create a 
much more toxic material.  Organic compounds have been found to constitute from 
10-60% of the dry mass of some particles (Turpin, 1999). Over 18,000 different 
organic molecules have been found adsorbed onto diesel particles (Salvi and 
Holgate, 1999). Thus, air pollution from traffic is a major contributor to secondary 
PM. 
 
Particulate matter can also be categorized by size. Airborne PM can vary in size over 
five orders of magnitude, from 1 nm to 100 µm (US EPA, 2003a). Accurately 
determining the distribution of particulate matter over such a range poses significant 
technical problems and yet is essential for understanding epidemiological data and 
devising control strategies.  
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Total suspended particles (TSP) is a term used to refer to ambient PM up to 25–45 
µm in size, based upon sampling conditions. The first standards in the United States 
for airborne PM, promulgated in 1971, were for Total Suspended Particles. In 
Europe during that time, there were no universally applied air quality standards and 
so the regulatory situation with regards to particulate matter varied widely. A 
number of countries in Central and Eastern Europe, Latin America, and Asia still 
base particulate matter standards on TSP (World Bank, 1998). 
 
As evidence from toxicology and epidemiology studies began to accumulate that 
linked exposure to smaller particles to human health effects, attention began to shift 
to size specific fractions of particulate matter. In 1987, the U.S. EPA revised the 
National Ambient Air Quality Standards (NAAQS) to control PM10 rather than TSP. 
PM10 means particulate matter equal to or less than 10 µm in size. Within the 
European Union, a two stage process for controlling PM10 went into effect in 1999 
(EU, 1999). Member states are expected to meet 24 hour and annual limits for PM10 
by 2005 and stricter limits by 2010. There is a limited amount of reliable data on 
PM10 in Europe, and no coherent overall European PM10 data set, because PM10 has 
been systematically measured in urban environments only since 1990, and then only 
in a few member states. Available data suggests that present PM10 values exceed the 
recommended limit values in the majority of the member states (Technical Working 
Group, 1997). 
 
In 1997, the U.S. EPA promulgated a proposed national PM2.5 standard (Federal 
Register, 1997). After industry appeals and a tortuous path through the courts, 
including the Supreme Court, the standard has been finalized. State Implementation 
Plans are due by 2007, and compliance will be required by 2009-2014. PM2.5 and 
even PM1 standards are being considered in Europe as well, but such regulations 
have not yet been promulgated (Euro-Case, 2001). Control strategies for reducing 
PM2.5 will necessarily be different from those that are effective for larger particles 
and must be based upon knowledge of sources and distribution patterns, as well as 
effective measuring and modeling technologies. 
 
The terms coarse, fine, and ultra-fine refer to various fractions of PM10. The PM2.5 
fraction (particles ≤ 2.5 µm) is called fine. The coarse fraction refers to inhalable 
PM10 particles that remain when the fine fraction (PM2.5) is removed.  In other 
words, coarse refers to the PM2.5-10 fraction. Ultra-fine particles are less than 0.1 µm 
in size (US EPA, 2003a). There are currently no air pollution regulations that focus 
on ultra-fines.   
 
Diesel vehicles produce 100-150 times more particulate matter than gasoline 
powered vehicles and diesel particulate matter (DPM) accounts for much of the 
particle load in many urban areas (Salvi and Holgate, 1999). The size distribution of 
DPM collected directly from a car exhaust showed three log-normal modes centered 
at 0.09, 0.2 and 0.7-1 µm of particle aerodynamic diameter (EAD) (Kerminen, 
1997). Over 80% of the particles were found in the mode around 0.1 µm, while the 
largest mode contained 10% of the total particulate mass, but only 0.1% of the 
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particles. There is evidence that DPM can coagulate as it ages and range in size up to 
2.5 µm (US EPA, 2000). Thus, transportation related sources represent a major 
source of fine and ultra-fine particles. 
 
Not only is there a size difference in coarse and fine PM, but the chemical 
composition is usually different. Mechanical processes involving break-up of larger 
particles or bulk material produce mainly coarse particles, with similar chemical 
composition to the bulk material. Thus, coarse particles can many times be traced to 
a given source. However, the fine fraction can contain material from many different 
sources because PM2.5 is not formed by mechanical means but by combustion 
processes, nucleation of gas phase species, coagulation, or condensation of gases on 
particles (US EPA, 2003a). Particulate organic matter, especially, is poorly 
characterized, and can be composed of hundreds, even thousands, of different 
compounds (Saxena and Hildemann, 1996; Weisenberger, 1984).  
 
Fine particles can have atmospheric lifetimes of days to weeks and can travel 
thousands of kilometers. They are more uniformly distributed in the atmosphere and 
are therefore harder to trace to their source. Coarse particles have shorter lifetimes 
(minutes to hours) and travel less than 10 km (US EPA, 2003a). Their effects are 
more localized near their source.  
 
 
3. Deposition and retention of particulate matter 
 
Health effects of PM may be related to other factors than size, but that is the criteria 
on which current regulations are based. To understand health effects, it is not enough 
to simply measure the concentration and characteristics of particulate matter in the 
inspired air. An individual dose involves deposition of a particle in the lung which 
varies dramatically with size. The clearance rate of deposited particles must also be 
considered, and this depends upon both the initial site of deposition and 
physicochemical properties such as hygroscopic behavior and solubility in cellular 
fluids (US EPA, 2003b). 
 
The respiratory tract is divided into three regions: 

• extrathoracic (ET) consists of the nasal and oral passages through the 
larynx; 

• tracheobronchial (TB) consists of the trachea, bronchi, and conducting 
bronchioles; 

• alveolar (A) consists of respiratory bronchioles and alveoli. 
 
The importance of PM size is demonstrated by varying penetration and deposition 
rates in the respiratory system. For particles larger than 1 µm, deposition increases 
with size because the process is controlled by impaction and gravitational 
sedimentation. Above 10 µm almost all inhaled particles are deposited in the upper 
respiratory tract. For particles smaller than 1 µm, deposition is controlled by 
diffusion processes that involve random bombardment by air molecules resulting in 
collisions with airway surfaces. In this region, decreasing particle size actually 
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results in an increase in deposition (Frampton, 2002; Jacques and Kim, 2000). Thus, 
a significant fraction of both ultra-fine and coarse particles are deposited in the 
extrathoracic region. The highest deposition in the tracheobronchial region occurs 
for particulate matter from 5-10 µm. Deposition in the deepest regions of the lungs, 
the alveolar region, is greatest for the 2.5-5 µm fraction. The lowest overall 
respiratory tract deposition rates (as low as 10-20%) are for particles from 0.2 to 1.0 
µm in size because neither sedimentation nor diffusion mechanisms are very 
effective for these particles (US EPA, 2003b). 
 
Retained particles, those that are not cleared by macrophages or the mucociliary 
system, tend to be small (< 2.5 µm) and water insoluble. Ultra-fines can be rapidly 
cleared into systemic circulation and transported out of the lungs.  But if the particle 
is deposited in the alveolar region, clearance can take months to years (US EPA, 
1996; Schlesinger et al., 1997). 
 
Airway structure and function varies with age and health. Such variations can affect 
deposition. Studies have shown that fractional deposition of aerosols in the ET and 
TB regions of the lungs is greater in children than in adults (Musante and Martonen, 
1999; Oldham et al., 1997). Musante and Martonen developed a computer model 
that takes into account differences in airway dimensions, geometry of branching 
airway networks, and breathing patterns as a function of age. The model predicts a 
deposition rate of 73% for a 7 month old inhaling 2 µm particles during heavy 
breathing vs 38% for an adult (Musante and Martonen, 2000). 
 
In a study of adults from 18 to 80 with normal lung function, Bennett et al. (1996) 
found that total respiratory tract deposition of 2 µm particulates was dependent on 
breathing pattern and airway resistance, but was independent of age.  However, the 
elderly are more susceptible to respiratory tract diseases and these are correlated 
with greater total lung deposition. Increasing degrees of airway obstruction, such as 
in people with asthma or chronic obstructive pulmonary disease (COPD) is 
correlated with a marked increase in deposition (US EPA, 1996; Bennett et al., 
1997; Kim and Kang, 1997). The deposition site is also affected by a disease state. 
For example, Brown et al. (2001) found that patients with cystic fibrosis, who have 
poorly ventilated lungs, deposited coarse particles (5 µm) preferentially in the TB 
region compared to healthy individuals. A mathematical model has been developed 
that successfully predicts PM deposition patterns for COPD patients by comparison 
with controlled breathing trials from patients with both chronic bronchitis and 
emphysema. The model indicates that airway obstructions are the main cause for 
increased depositions in the COPD lung (Segal et al., 2002). 
 
 
4. Toxicological effects of particulate matter 
 
Toxicological studies on both humans and animals have been conducted to 
determine the effect of particulate matter on human health. Some particles have 
inherent toxicity, such as silica, asbestos, or coal dust. In other cases, it is the 
adsorbed material (e.g. sulfates, nitrates, organics, or metals) on the surface of the 
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particulate that may represent the toxic component. In this latter situation, there is 
more difficulty in determining the toxicity of particulates in animal studies, since 
one must duplicate the exact chemical nature of the particulate found in ambient air 
and this is virtually impossible to do in the laboratory. Other limitations include the 
fact that animals have different inhalation mechanisms than humans and that typical 
studies have used much higher concentrations than normal ambient air exposures in 
order to use fewer animals (US EPA, 2003b). 
 
The mechanism by which particulate matter causes toxic effects is not well 
understood. Acid aerosols have been shown to have a significantly greater effect on 
children with allergies or asthma (Linn et al., 1997). Diesel particulate matter in 
particular seems to exacerbate allergic asthmatic responses (Salvi and Holgate, 
1999). DPM is composed of soot, volatile hydrocarbons, and sulfates from fuel 
sulfur and contains more fine particulates than gasoline. The organic fraction of 
DPM has been linked to effects on the immune system (US EPA, 2000; US EPA, 
2003b). Typically, the organic constituents of PM are poorly characterized, 
heterogeneous complex mixtures and it is not yet known whether particles from 
other combustion sources have effects similar to DPM.  
 
Combustion particles that have a high content of soluble metals have been shown to 
cause lung injury with the soluble metal portion appearing to be a primary 
determinant. (Costa and Dreher, 1997). How much these effects depend upon the 
specific identity of the transition metal has yet to be completely elaborated. 
 
Studies with ultrafine particulate matter of varying composition have shown 
significantly greater inflammatory response at the same dose and chemical 
composition when compared to fine PM. This is possibly due to greater surface area 
per unit mass in the ultrafine particles (Oberdorster et al., 1992; Li et al., 1996, 
1997, 1999). Low grade inflammation caused by deposition of ultra-fine particles in 
the alveoli that leads to increased coagulatability may be part of the pathological 
mechanism linking cardiovascular mortality and morbidity (Seaton et al., 1995). 
However, there is still comparatively limited toxicological data on which to 
differentiate the effects of ultra-fines from those of other size fractions. 
 
 
5. Epidemiological studies on health effects of particulate matter 
 
Many recent studies have suggested that exposure to airborne particulate matter is 
associated with life shortening (Brunekreef and Holgate, 2002). Both U.S. cohort 
studies (Dockery et al., 1993; Pope et al., 1995, 2002) and European APHEA (Air 
Pollution and Health: a European Approach) studies (Katsouyanni, 2001) have 
shown an increase in daily mortality rates for all-cause mortality, as well as 
cardiopulmonary and lung cancer mortality, associated with increases in particulate 
air pollution. In the APHEA2 study from the early to mid 1990s, data from 21 cities 
showed that all-cause daily mortality increased by 0.6% (95% CI 0.4-0.8) for each 
10 µg/m3 increase in PM10.  This compared favorably to data collected from the 
NMMAPS (National Mortality, Morbidity and Air Pollution Studies) in the U.S. 
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where the all-cause mortality for each 10 µg/m3 of PM10 was found to be 0.5% (0.1-0.9) 
(Brunekreef and Holgate, 2002). No evidence was found in the NMMAPS data for a 
PM10 threshold for all-cause or cardiopulmonary mortality (Daniels, et al., 2000).  
 
Fine particulate air pollution has been correlated with increased mortality rates. 
Analysis of the Harvard Six Cities study showed PM2.5 to be significantly associated 
with excess mortality across all six cities, but not PM10-2.5 (Klemm et al., 2000). 
Other studies have not been able to distinguish between the effects of PM2.5 and 
PM10-2.5 (Lipfert et al., 2000; Mar et al., 2000).  In a national study involving all 50 
states, Pope found an increase of approximately 15 to 17% in adjusted all-cause 
mortality rates between the most polluted and least polluted cities, based on sulfate 
and PM2.5 concentrations (Pope et al., 1995). Fine particles have been associated 
specifically with increased risks of cardiopulmonary and lung cancer mortality, but 
not with other causes of death considered together (Dockery et al., 1993). Each 
10µg/m3 increase in long-term average PM2.5 ambient concentration was found to 
increase the all-cause mortality by 4%, cardiopulmonary mortality by 6%, and lung 
cancer mortality by 8%. More coarse particles and other gaseous pollutants, except 
for sulfur dioxide, were not significantly associated with increased mortality risks 
(Pope et al., 2002).  
 
Most cohort studies of the effects of air pollution have used area measures of 
particulate matter concentrations to determine individual exposures. In a specific 
effort to investigate the effect of traffic-related air pollution, Hoek and co-workers 
have used an on-going NLCS (Netherlands Cohort Study on Diet and Cancer) to 
determine the effects of black smoke and nitrogen dioxide on mortality rates (Hoek 
et al., 2002). Using a geographic information system, individuals living within 100 
m of a major freeway or 50 m of a major urban road were identified as being 
exposed. No association was seen between any exposures and non-cardiopulmonary 
or non-lung cancer mortality rates. But cardiopulmonary mortality for those living 
near a major road increased (relative risk 1.95; 95% CI 1.09-3.52). The highest 
effect was seen for individuals living for ten or more years near such roads.  
 
 
6. Control strategies 
 
Developing effective control strategies for particulate matter requires an 
understanding of the type and sources of PM to be targeted. TSP or the coarse 
fractions of PM10 can originate from a variety of natural sources, providing a high 
background level of particles in certain areas. Anthropogenic contributions to this 
fraction come from agriculture, mining, construction, road dust, residential wood 
burning and other such sources.  Regulatory control of particulates from these 
activities has typically lagged behind industrial source control. However, best 
practices in agriculture and construction do exist and can be very effective in 
reducing coarse fractions of ambient PM. In some parts of the U.S. that are non-
attainment for PM10, very stringent air pollution regulations are now in place that 
require PM10 road sweepers,  pavement of virtually all roads and alleys, strict control  
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of parking in non-paved lots, dust control measures for all construction projects, and 
track-out dust control for construction vehicles. Agriculture has largely escaped 
regulatory control until now, but is increasingly under pressure to conform to dust 
control measures. 
 
Fine particles, PM2.5, are more likely to originate from combustion sources. 
Effective control strategies can include cleaner burning fuels, such as replacing coal 
with natural gas or using newer formulations for diesel with reduced sulfur content. 
Industrial point sources can also be targeted, for example with bag houses or 
electrostatic precipitators as mandated control devices. Coordinated traffic signal 
systems, reduction in the use of highly polluting two stroke engines, and use of 
alternative fuel vehicles can also contribute to reducing anthropogenic contributions.  
 
An example of the effects of such strategies is seen in the decision to ban the sale of 
bituminous coal within the city of Dublin, Ireland in 1990. Clancy and co-workers 
compared air pollution, weather, and deaths for 72 months before and after the ban. 
Black smoke and sulfur dioxide concentrations were measured from six residential 
monitoring stations. Overall, mean black smoke concentrations dropped by about 
two-thirds after the ban and sulfur dioxide dropped by one-third. Age standardized, 
non-trauma death rates in Dublin decreased by about 5.7% in the 72 months after the 
ban compared with the 72 months before the ban after adjustments for population 
changes, weather, respiratory epidemics, and secular changes in death rates in the 
rest of Ireland. The largest decrease was in respiratory death rates (15.5%) and 
average annual cardiovascular death rates decreased by 10.3%. In this case study, 
control of particulate air pollution lead to an immediate reduction in cardiovascular 
and respiratory deaths (Clancy, 2002). 
 
 
7. Conclusions 
 
Airborne particulate matter can be divided by size into coarse, fine, and ultra-fine 
fractions. Each category can have both natural and man-made sources, but the fine 
fraction of PM is predominately from combustion sources and so the extraordinary 
growth in traffic and industrialization in many parts of the world has greatly 
increased levels of this type of particulate matter. Deposition of PM in the 
respiratory system depends upon its size and the health of the target individual. 
Children and those with respiratory diseases have a higher rate of deposition. The 
toxicology of exposure to particulate matter has only recently begun to be examined, 
but both cardiovascular and respiratory effects have been identified. Prospective 
cohort studies have established a clear link between exposure to airborne particles, 
especially the fine fraction, and increases in cardiopulmonary mortality and lung 
cancer mortality. In some cases, other common air pollutants have not been 
associated with these increased risks. The regulatory status of controlling airborne 
PM is actively evolving and is being driven, in part, by increasing evidence from 
epidemiological and toxicological studies of adverse health effects in humans from 
exposure to particulates. 
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Summary 

 
Human mobility is increasing day by day and maybe has several adverse effects on 
health, through energetic or passive mechanisms. As mobility we can define the 
movement from one place to another and in this paper we will discuss health 
impacts, especially on the endocrine axis, related to mobility. 

 
A very complex network, whose main elements are the neural and endocrine system, 
govern the human body. Elegant interaction mediated through centres in 
hypothalamus, cortex, amygdala, hippocampus, basal ganglia and endocrine glands, 
mainly pituitary, regulates response of the body to any stimuli. We should keep in 
mind that all stimuli, including the arts, have an impact on human physiology and on 
health outcomes ranging from illness to health, from injury to peak performance.  
 
Mobility produces changes to several axes and rhythms of the human functions and 
man needs time to adapt to the new situations and reorganize the set points. The 
most characteristic paradigm of such an alteration is jetlag and the well-known 
consequences on the human body. These changes are much more evident and 
serious, if mobilization is happening against a man’s will, i.e. displacement due to a 
war. In addition we should consider alterations of homeostasis, as a result of 
mobility or perhaps an epiphenomenon. For example, exposure everyday to traffic or 
industrial noise affects many aspects of human health. We are going to discuss 
endocrine aspects of mobility based on the following three patterns: jetlag, violent 
displacement and exposure to noise. 
 
 
1. Introduction 
 
In the beginning before analyzing the special effects of violent mobilization to 
hormone homeostasis, a definition of stress and the observed metabolic-endocrine 
functions has to be given. Hans Selye defines stress as “the nonspecific response of 
the body to any demand.”  A nonspecific response is the body’s total biological 
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reaction (such as sweating or increased heart rate), which may vary in intensity but 
not in type. A stressor is any physical or psychological event or condition that triggers 
stress and stress response consists of the emotional and physical reactions. So, as 
stress we consider the state that accompanies the stress response. An individual’s 
response at a stressful event depends on both genetic and developmental factors.  
 
A person’s adaptation to stress occurs in three stages: alarm, resistance and 
exhaustion. During the phase of alarm response is regulated by the autonomic 
nervous system and the physical changes are known as the fight-or-flight reaction 
(Tolis et al., 1973). The release of cortisol, epinephrine and norepinephrine from the 
adrenals result in increased heart rate, breathing and blood pressure, release of extra 
sugar from the liver for energy, halted digestion, increased perspiration to cool the 
skin, release of endorphins to relieve pain and increased blood cell production 
(Chrousos, 2000). These processes are initiated through intracellular receptors for steroid 
hormones, plasma-membrane receptors, and second-messenger systems for 
catecholamines. Cross talk between catecholamines and glucocorticoid-receptor 
signalling systems can occur (McEwen, 1998).  
 
At the phase of resistance the body resists dramatic changes and once a stressor 
recedes, the parasympathetic branch of the autonomic nervous system stops the 
alarm reaction and restores the body to its normal state. Due to a great loss of energy 
during these two phases the body proceeds to the third phase, exhaustion. 
Exhaustion is a life-threatening form of physiological depletion characterized by 
distorted perceptions and disorganized thinking. A crucial observation is the close 
relationship between stressful life events and the onset of psychological and physical 
illnesses (Breslau, 2001). Data gathered from 300 studies showed that exposure to 
brief, contrived stressors was typically associated with adaptive up-regulation of 
immune function, in particular for natural killer cell activity. Only chronic stressors 
were associated with suppression of both cellular and humoral measures of the 
immune system (Segerstrom and Miller, 2004). These findings suggest that time-
limited stressor exposure may actually serve to strengthen immune function and 
entail a vaccination-type effect.  
 
There is considerable evidence in humans, derived largely from studies of adopted 
children, and identical and fraternal twins brought up together or apart, that a 
tendency toward anxiety and fear is a heritable trait. The tendency to develop fearful 
or anxious responses to the environment in general has a clear genetic component. It 
appears that a major portion of the genetic contribution to human fear and anxiety 
involves neurotransmitters and their receptors. Moreover, substances such as 
GABA, serotonin and their receptors play a key role. For example, variability in the 
receptors responsible for clearing serotonin from the synaptic space between two 
communicating neurons correlates quite well with variation in anxiety among 
different individuals. Even more, intriguing data arise from experiments on mice. 
Mice that lack a receptor in the brain for glucocorticoids are much less anxious than 
control mice. Other studies reported that genes related to biological clocks (a 
possible key role of melatonin secretion) are associated with fearfulness (Stam et al., 
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1999). These observations hint at the existence of a close loop between stressors, 
body rhythms and response. 
 
 
2. Jet-lag 
 
At base line, hormones are secreted on circadian rhythm, according to the demands 
of life. For example peak cortisol levels are observed early in the morning, before 
waking up, in normal people and their nadir is observed during deep sleep at night, 
where the needs are minimal. The rhythm of secretion is totally different in people 
who work late at night, where maximal cortisol concentrations are observed at night 
(Sedgwick, 1998).  
 
Biological oscillations with an endogenous period of near 24h (circadian rhythms) 
are generated by the master circadian pacemaker or clock located in the 
suprachiasmatic nuclei of the hypothalamus (Tolis et al., 1979). Fibers leave these 
nuclei to reach the ventrolateral preoptic area of the anterior hypothalamus, which is 
closely involved in sleep-wake control, temperature regulation and hormone 
secretion (Adam et al., 2000). Fibers also travel multisynaptically to the 
mesencephalic autonomic nuclei. From there information is distributed to every 
organ in the body via the sympathetic and parasympathetic systems and reaches the 
pineal gland to regulate the secretion of melatonin. Melatonin is a ubiquitous natural 
neurotransmitter-like compound produced primarily by the pineal gland. The role of 
endogenous melatonin in circadian rhythm disturbances and sleep disorders is well 
established. Thus two arms of the endogenous clock exist, one neural through the 
autonomic nervous system and another hormonal, via melatonin and other 
hormones, e.g. cortisol (Gronfier, 1998). A close, reciprocal relationship exists 
between the pineal and the pituitary/adrenal axis, the key element axis of stress 
response. Melatonin modulates the activity of this axis and the peripheral actions of 
corticoids. 
 
Jet-lag refers to a variety of unpleasant symptoms that affect many individuals for 
several days after traveling through several time-zones. Typical symptoms are 
fatigue, daytime sleepiness, impaired alertness and trouble initiating and maintaining 
sleep. The severity of jet-lag is related to the number of time zones traveled, with the 
effects generally worse for eastward travel (Spitzer et al., 1999). Body clock is 
synchronized to recurring environmental signals conveyed by selective neural 
pathways and it takes several days for the external factors to shift the phase of the 
body clock from the time zone. All the rhythms are regulated by internal and 
external factors that interact (Pinter et al., 1979). Melatonin is supposed to play the 
major role in the pathogenesis of jetlag and attempts of therapeutic administration in 
order to avoid or minimize the symptoms of jetlag have given promising results, 
although the underlying mechanisms explaining the connection of melatonin 
disturbances and jetlag are unclear yet. 
 
Melatonin appears to be somewhat beneficial, but there’s much individual variation 
in response to this hormone. The biological rhythm disorganization caused by the 
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rapid change of environment (and associated light/dark cues) apparently can be 
corrected by melatonin. The benefit is likely to be greater as more time zones are 
crossed and less for westward flights. However, melatonin taken before travel can 
actually worsen symptoms as opposed to the benefit of melatonin initiated 
immediately upon arrival (Herxheimer and Petrie 2003, Herxheimer and 
Waterhouse, 2003).  
 
Another hormone with a possible role regulating adaptation of body to movement is 
thyrotropin (TSH). It is known that TSH secretion is modulated by sleep and 
circadian rhythmicity. It has been reported that jet-lag syndrome may be associated 
with a prolonged elevation of peripheral TSH levels, showing a dysrythmia of the 
hypothalamus-pituitary-thyroid axis (Hirschfeld et al., 1996). The adaptation of this 
axis to any important stress man encompass, has been studied extensively and it is 
named sick euthyroid syndrome or low T3-T4 syndrome, reflecting the observed 
changes in thyroid function during a stressful situation (Tolis et al., 1974).    
 
 
3. Violent displacement 
 
Stress seems to be the key regulating human response to mobility. For example stress 
of travel preparation can contribute to jet-lag. Stress is greater when mobility is a 
result of violence and not of choice of the individual. For example, a war refugee is 
moving from one place to another, but in different situation, than the one reported 
above.  
 
Pressures on the mental health of refugees are major, as the majority of parameters 
which affect the role of a person in society, have completely changed. These people 
have been exposed to a great level of stress due to cultural bereavement, problems 
of communication, socioeconomic factors, poverty, insecurity, racism, isolation, 
unemployment, loss of status and recognised role in society. As a consequence it is 
very difficult to manage this load of stress in the long term (Bauer et al., 1994b).   
 
Children are more than adults subjected to long-lasting anxiety. Their naivety and 
strong trust in stability of life is ruined and it takes great efforts and time to re-
establish in them usual attitude and self-esteem (Bauer et al., 1994a). Homicide 
actions have irreparable effects on their psychological state (Marshall, 2001). A 
very interesting observation was made recently by Delahanty et al., who noticed 
that high urinary cortisol and epinephrine levels immediately after a traumatic event 
may be associated with increased risk for the development of subsequent acute post-
traumatic stress disorder. This observation suggests a direct link between mental 
health and pituitary-adrenal axis dysregulation due to violence (Delahanty et al., 
2005). Some more intriguing data arise from other studies which documented that 
violence (e.g abuse) exerted during childhood has led to alterations of stress axis at 
adult life (Heim et al., 2001). Concerning adults Bosnian, Kosovo and Kurdish have 
high rates of post traumatic stress disorder among their population due to “mobility” 
problems. As there is a lot of evidence about the relationship of emotional distress 
and substance abuse, the finding that many Somali refugees reported high levels of 
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substance abuse among them is rather a disappointing than a surprising 
phenomenon (Sabioncello et al., 2000). 
 
A team from Sweden studied the mental and hormone profile in displaced persons 
versus no displaced residents. They found that refugees had much higher incidence 
of personality disorder, fear, depression, anxiety and hypersensitivity in comparison 
with the control group (Sondergaard et al., 2001). These two groups differed 
significantly for cortisol, prolactin and b-endorphin levels, showing an exaggerated 
response of the stress system (Sondergaard et al., 2002, Sondergaard and Theorell, 
2003).  
 
 
4. Noise 
 
Another very interesting point of mobility with great impact on health is noise. 
Noise, which is often referred to as unwanted sound, is typically characterized by the 
intensity, frequency, periodicity (continuous or intermittent) and duration of sound. 
Unwanted sound to some may be considered wanted sound by others, as in the case 
of loud music. The potential adverse health effects are usually classified according 
to the type of noise. Sudden (or impulsive) noise appears to create substantially 
more reaction than non-impulsive noise and intermittent noise has greater effect than 
louder, more continuous noise. Predictability and controllability are clearly 
influencing factors in individual reactions to noise. It has been found that 
unpredictable noise causes the most stress, but even predictable noise creates some 
stress and there are studies that link increased stress levels to excess noise exposure 
(Fong and Johnston, 2000). Individual physiological and psychological responses to 
noise are also influenced by susceptibility. Interestingly, more people are affected by 
noise exposure than any other environmental stressor.  
 
Research has focused on noise as an auditory stressor that can produce both direct 
and indirect health effects. The direct health effect known to be attributable to noise 
is hearing loss (resulting from damage to the inner hair cells of the organ of corti) 
with noise exposure higher than 90 decibels. There are several non-auditory 
physiological effects of noise exposure including a possible increase in 
cardiovascular disease from elevated blood pressure and physiological reactions 
involving the cardiovascular endocrine system. In addition, community noise has 
been shown to adversely affect sleep, communication, performance and behavior, 
reading and memory acquisition, and mental health (Laer et al., 2001).  
 
The cost of noise in health is a very important parameter, as it makes it easier to 
realize the size of the problem. Despite the scarcity of data, Germany has estimated 
that the annual cost of noise on public health is approximately 726.4 million dollars 
to 2.76 billion US dollars per year for road noise, and 1.45 million US dollars per 
year for rail noise (European Commission, 1996). 
 
Acute exposure to maximal sound pressure levels above 90 dB has the potential to 
cause inner ear hearing loss and to stimulate the sympathetic nervous system into 
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increasing the release of adrenaline and noradrenaline (Babisch et al., 2001). Noise 
levels above 120 dB increase cortisol in humans. One of the side-effects of 
chronically increased cortisol is a higher risk for cardiovascular disease and 
metabolic syndrome. The activation of the sympathetic and endrocrine systems 
drives to increments in total peripheral resistance, cardiac output, blood lipids and 
rheological factors (Ising et al., 1999).  
 
A cross-sectional study with about 200 females, who lived for several years in 
streets with low or high traffic noise, showed a significant increase of the 
noradrenaline excretion in subjects whose bedroom windows were facing a noisy 
street. Additionally, noise-disturbed persons had significantly higher noradrenaline 
levels than undisturbed persons (Babisch et al., 1993). Chronically increased 
noradrenaline is known to have detrimental effects upon the heart and high 
cardiovascular risk.  
 
Other reports also suggest an increased risk of hypertension and ischemic heart 
disease for people living in areas with road or air traffic noise at outdoor equivalent 
sound levels above 70 dB. In addition, some studies have found that kindergarten 
children had significantly higher systolic and diastolic blood pressures when 
exposed to noisy or very noisy environments (kindergarten and home) as compared 
to quiet environments. However, up to now there is no consistent evidence that 
chronic noise leads to hypertension and coronary disease, although data connecting 
these two parameters arise every day (Kawakami and Haratani, 1999, Ohlson et al., 
2001). 
 
Finally, data on the action of noise to the reproductive axis are limited, but some 
reports mentioned a relationship between air traffic noise exposure of pregnant 
women in the living environment and low birth weight. However, there are virtually 
no data to suggest an increased risk of congenital anomalies. Unfortunately we 
cannot use yet, endocrine changes on occupationally or environmentally exposed 
people to noise as an index for future disease, due to different effects of noise on 
different people. However, a better follow-up of people exposed to noise is strongly 
recommended in order to avoid disease.  
  
 
5. Conclusions 
 
In conclusion, mobility has a great impact on health and these changes seem to be 
mediated through hormones - neurotransmitters and mainly the stress system 
(hypothalamus-pituitary-adrenal axis). It seems that mobility through auditory, 
gustatory, olfactory, tactile and visual stimuli, modifies the function of several 
important areas of the brain such as mesolimbic, hypothalamus, pituitary, reticular 
activating system and amygdala, driving to temporary or permanent health 
problems, due to the abnormal secretion of many hormones and neurotransmitters 
(Martin et al., 1979). It is clear that mobility affects in many ways and at several 
levels human homeostasis with adverse effects on quality and duration of life. This 
is an amazing area of research is wide open and a lot of work has to be done in order 
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to understand the interaction between mobility and adaptation mechanisms. 
However, society has to face directly and drastically the causes of mobility 
problems, especially noise (because violence is a much more complicated 
situation…), in order to avoid impacts on health and quality of life. Society has to 
adopt strategies and policies which take into account the avoidance or reduction of 
noise exposure, as its detrimental effects on health are reported everyday. 
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Summary 
 
The importance of physical activity has been well established over the last decades 
and a wealth of different endpoints has been identified. A dose-response-relationship 
could be demonstrated for most of these endpoints, most clearly for overall mortality 
and cardiovascular morbidity. While most of the studies have investigated the 
associations with overall physical activity, only very few have been able to study the 
independent effects of transport-related physical activity. 
 
Physical inactivity is a world-wide public health problem. Although methodological 
issues still restrict the possibilities to quantify this problem in absolute terms and to 
carry out intercultural and international comparisons, subgroups with particularly 
low activity levels and changes over time can be documented. Current 
recommendations for physical activity underline the health enhancing effects of 
rather short although regular episodes of training which can easily be integrated into 
everyday life.  
 
A systematic integration of data from the health and from the transport sector has 
not yet taken place. But there is evidence for the effectiveness of a growing number 
of interventions in increasing physical activity among the inactive, and transport-
related physical activity has a great potential in the promotion of overall physical 
activity. 
 
This overall rationale is well accepted, but the quantification of the relationships and 
effects remains difficult, mainly due to the need for an internationally agreed 
definition and measure of physical activity on the population level, the lack of data 
for the contribution of transport-related physical activity to overall physical activity 
and therefore to health. Realistic estimations of effects of transport interventions on 
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transport patterns (modal shift) are essential not only for the health effects of 
physical activity, but also for other transport-related factors like air pollution or 
noise. 
 
 
1. Introduction 
 
This chapter is based on papers prepared for the project “Transport Related Health 
Impacts, Costs and Benefits with a Particular Focus on Children” within the context 
of the UNECE- WHO Pan-European Programme for Transport, Health and 
Environment - THE PEP. The aim of the project is to provide a review on the state 
of the art on transport related health impacts, costs and benefits as well as to develop 
recommendations on political implementation strategies and also to contribute to the 
development of WHO-Guidelines for the economic valuation of transport related 
health effects. 
 
Although the importance of regular physical activity for health is beyond any doubt 
on the individual as well as on the public health level, there is only a limited number 
of countries like Finland and Canada that have had a well-established monitoring 
system in place since a longer period of time. A number of countries have begun to 
establish national representative surveys on physical activity since the 1990s, but 
intercultural and international comparisons remain difficult due to methodological 
issues. 
 
Nevertheless, the public health importance of regular physical activity is such that 
estimates of patterns of physical activity are needed, though there does not yet exist 
any internationally agreed definition or measure of physical activity on the 
population level (WHO, 2002). 
 
 
2. Objectives 
 
The importance of regular physical activity for health is well established (Table 12). 
There is evidence for the effectiveness of a growing number of interventions in 
increasing physical activity among the inactive (Vuori, 1998), and transport-related 
physical activity has a great potential in the promotion of overall physical activity 
(Oja and Vuori, 2000). This overall rationale is well accepted (Figure 30), but the 
quantification of the relationships and effects remains difficult, mainly due to the 
need for an internationally agreed definition and measure of physical activity on the 
population level, the lack of data for the contribution of transport-related physical 
activity to overall physical activity and therefore to health. 
 
The WHO (2002) cites reductions in the risk of cardiovascular disease, colon and 
breast cancer as well as type 2 diabetes as the most important effects, but other 
effects like improvements in musculoskeletal health (osteoarthritis, low back pain, 
osteoporosis, falls), control of body weight, reductions in symptoms of depression, 
anxiety and stress, and risk reduction for prostate cancer are mentioned as well. 
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Figure 30. Overview of the chain from transport intervention to economic valuation of the 
health effects of transport-related physical activity. While the overall causal relationship 
(indicated by the bold arrows) is well accepted, quantification and modelling represent several 
challenges. 
 
These relationships and the association with overall mortality have already been 
shown and commented upon in the US Surgeon General’s Report on Physical 
Activity and Health (Department of Health and Human Services, 1996) and other 
encyclopaedic reviews (Marti and Hättich, 1999). More recent publications have 
indicated further effects on the risk of cholecystectomy (Leitzmann et al., 1999) or 
on pancreatic cancer (Michaud et al., 2001). 

 
Table 12. Overview of health effects of physical activity (WHO, 2002). 

 
⇑Life expectancy ⇓(Pancreatic cancer) 

⇓Cardiovascular disease ⇓Osteoporosis 

⇓Diabetes II ⇓Symptomatic gallstone disease 

⇓Obesity ⇓Depression 

⇓Colon cancer ⇑Stress tolerance 

⇓Breast cancer ⇑Independence in old age 

⇓(Prostate cancer)  

 
While most of the earlier studies included only male participants, more recent 
research has shown that the effect size and the dose-response relationship are 
comparable for both genders (Oguma et al., 2002). A dose-response-relationship 
could be demonstrated for most of the endpoints mentioned above, most clearly for 
overall mortality and cardiovascular morbidity (Figure 31) (Department of Health 
and Human Services, 1996, Marti and Hättich, 1999, Haskell, 1994). 
 
While most of the studies have investigated the associations with overall physical 
activity, only very few have been able to study the independent effects of transport 
related physical activity (Andersen et al., 2000, Hendriksen et al., 2000). 
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Figure 31. Dose-response relationship for physical activity and health (adapted from Haskell, 
1994). 

 
Hence the aim of this paper is (1) to report data and data gaps concerning activity 
patterns with a focus on physical activity related to transport modes, (2) to compare 
these data with recommendations for health-enhancing physical activity, (3) to 
discuss the effectiveness of interventions aimed at increasing physical activity, and 
(4) discuss methods to evaluate such interventions and to quantify physical activity. 
 
 
3. Results 
 
Physical activity patterns (with a special focus on Switzerland) 
 
Since the Swiss Health Survey 1992, systematic information about physical activity 
patterns of the Swiss population has been available. The Surveys 1992 and 1997 did 
not yet include any items relating directly to the current activity recommendations 
which were only issued in 1999, but a question on sweating induced by leisure time 
physical activity has been included since 1992. A distinction was thus made between 
inactive (less than one sweating episode per week), moderately active (1 or 2 
sweating episodes per week) and active (more than 3 leisure time sweating episodes) 
individuals (Calmonte and Kälin, 1997). 
 
Although the interval between the first and second health survey was just five years, 
changes in physical activity have occurred over this short period (Lamprecht and 
Stamm, 1999). Whereas the proportion of those sweating several times a week as a 
result of physical activity remained almost constant between 1992 and 1997, striking 
shifts had occurred in the percentages for the moderately active and inactive groups: 
the proportion of inactive individuals rose by about four percentage points between 
1992 and 1997 (Table 13). In other words: physical inactivity in the Swiss 
population has increased by over a tenth in just five years. 
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Table 13. Proportion of inactive, moderately active and active individuals in the Swiss health 
Surveys 1992 and 1997, based on the number of days with sweating episodes during leisure 
time (adapted from Lamprecht and Stamm, 1999). 

 
Leisure time sweating 1992 (n=14676) 1997 (n=12727) 
3 days/week and more 26.3% 26.9% 
1 to 2 days/week 37.8% 33.7% 
less than 1 day/week 35.7% 39.4% 
Total 100.0% 100.0% 

 
An accentuation of social differences was also observed in physical activity between 
1992 and 1997. Specifically, inactivity showed a particularly sharp rise in those 
population groups that had already been characterised by little physical activity. The 
differences in activity level in respect to gender, age, linguistic region, education and 
household income have increased - dramatically for some indicators - between 1992 
and 1997. The principal findings can be summarised as follows: 
 

• Whereas the proportion of inactive men only increased by about two percent, 
inactivity rose in women - who were already less active in 1992 - by around 
six percent. This gender-specific difference in leisure time physical activity, 
which is often attributed to historical inequalities in basic conditions, has 
therefore not declined – as is often assumed – but rather increased. As 
regards the proportion of active individuals, a serious gender difference is 
already apparent in the 15 to 24 year age group. 

 
• The same applies to the differences relating to age and region. Here too, 

inactivity rose particularly in those groups that were already fairly inactive. 
Although a slight increase in physical activity was noted in the 15 to 24 and 
25 to 34 year age groups, inactivity has increased dramatically among those 
aged over 55. 

 
• In German-speaking Switzerland, the groups of both active and inactive 

individuals increased slightly at the expense of the moderately active group. 
In the French- and Italian-speaking areas of Switzerland, on the other hand, 
growth was only observed in the inactive group. 

 
• Regardless of age, sex or region, inactivity increased primarily among the 

least educated and those with lower household income, while minor changes 
only were apparent among the better educated and higher income groups. 

 
The 1999 HEPA survey with about 1500 participants has produced the first activity 
prevalences that could be correlated directly to the new recommendations for health-
enhancing physical activity (HEPA): 37% of the Swiss interviewees were not active 
at the level of the minimum recommendations and could therefore be classed as 
inactive. 26% reported half an hour of moderate intensity activities on most days of 
the week (but without any endurance type training), while a further 37% reported at 
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least twenty minutes of vigorous intensity on three days of the week (Figure 32) 
(Martin et al., 2000). 
 
The availability of epidemiological data is an important element in the political 
process leading to a better recognition of the importance of HEPA on the national 
and international level and the current attempts for standardised measurement 
procedures will play an important role in this process. 
 

 
Figure 32. Physical activity by age group in the Swiss HEPA survey 1999. Trained 
individuals report at least 3 activity sessions of 20 minutes of vigorous intensity weekly; 
active individuals report at least half an hour of moderate intensity activity daily; inactive 
individuals report less or no activity at all. 
 
These results were derived from algorithms assessing the stages of changes of the 
transtheoretical model (Marcus et al., 1992). Target behaviour were half an hour 
physical activity daily with at least moderate intensity and three times twenty 
minutes of activities of vigorous intensity respectively. The HEPA survey 2001 has 
shown no difference in the prevalence of inactivity in comparison to 1999 when 
using the same items (Martin, 2002), but a considerably higher percentage of 
inactive individuals (58%) when using an alternative set of items to assess activities 
of both moderate and vigorous activity in a two-step-procedure (on how many days 
per week; with what average duration) and providing a continuous measure of 
physical activity. 
 
The Swiss Health survey 1997 contained an item on daily transport by bicycle or 
foot. According to the data, 40.3% of the Swiss population spend 20 minutes or 
more per day using these forms of transport, 16.0% less than twenty minutes and 
43.7% neither walk nor cycle regularly (Lamprecht and Stamm, 1999).  
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Table 14. Modal split in Switzerland according to the travel behaviour in the microcensus 
2000 
 

Transport mode Daily distance Time spent Number of trips 
Walking 4.6% 34.3% 40.1% 
Cycling 2.5% 5.6% 6.0% 
Mot. individual transport 69.5% 43.6% 41.6% 
Public transport 17.7% 11.4% 10.3% 
Total (per person and day) 48 km 89 min 3.6 

 
According to the Swiss scientific survey of the population’s travel behaviour (travel 
behaviour microcensus 2000: Bundesamt für Raumentwicklung and Bundesamt für 
Statistik, 2001), walking and cycling are important transport modes in Switzerland. 
46% of trips (journey stages) per day and 40% of the time spent for travel purposes 
(average travelling time per day: 85 minutes) can be attributed to forms of non-
motorised transport, 42% and 44% to motorised individual transport (Table 14). In 
80% of all travel episodes, only one transport mode is used, in 10% of all journeys 
non-motorised transport is used jointly with car use, in 9% jointly with public 
transport. Modal split differs according to the purpose of travel (Table 15). 
 
Table 15. Contribution of non-motorised forms of transport to the modal split according to 
the purpose of travel in the microcensus 2000 

 
Purpose Walking Cycling Total 
Commuting 33% 6% 39% 
Education 55% 13% 68% 
Shopping 45% 6% 51% 
Business transport 23% 3% 26% 
Service and accompanying transport 24% 2% 26% 
Leisure time 42% 6% 48% 
All purposes 40% 6% 46% 

 
According to the survey results, the contribution of non-motorised transport to the 
modal split is more important in the age groups below 17 years and above 65 years 
than in the age groups between, more important in women than in men and more 
important in the German speaking than in the French or in the Italian speaking parts 
of Switzerland. 
 
The WHO (2002) summarises statistics for physical activity, though indicating that 
they are derived from a number of direct and indirect data sources and a range of 
survey instruments and methodologies: “The global estimate for prevalence of 
physical inactivity among adults is 17%, ranging from 11% to 24% across 
subregions. Estimates for prevalence of some but insufficient activity (<2.5 hours 
per week of moderate activity) ranged from 31% to 51%, with a global average of 
41% across the 14 subregions.” 
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In 1999 a report was published on a study carried out in 15 member states of the 
European Union (EC, 1999). This survey contained items on physical activities of 
moderate intensity. The proportion of individuals reporting no more than 3 hours per 
week of such activities was 57% in the EU average, with the lowest values being 
32% and 33% in Sweden and Finland. Switzerland‘s neighbouring countries had the 
following prevalences: Germany 56%, Austria 38%, France 63%, Italy 66%. 
 
Recommendations for health-enhancing physical activity 
 
The first application of these results to public health were the 1995 
recommendations of the US-American Centers for Disease Control CDC and the 
American College of Sports Medicine ACSM. They were the first recommendations 
to focus on activities of so called moderate intensity (Pate et al., 1995) that included 
many activities of everyday life like brisk walking. These recommendations were 
also the first to acknowledge the contribution of shorter “bouts of activity” by 
allowing the accumulation of activity episodes of about 10 minutes or more. An 
attempt to include not only minimal recommendations, but also the additional effects 
of further or more intensive activity (WHO, 2002, Department of Health and Human 
Services, 1996) is the physical activity pyramid of the recommendations for health-
enhancing physical activity currently in use in Switzerland (Figure 33). 

Figure 33. The recommendations for health-enhancing physical activity currently in use in 
Switzerland. 
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First estimations of health effects on the population level 
 
Even when the differences in health outcomes between more active and less active 
subgroups in observational studies and the effect sizes in the more recent 
randomised interventional studies (Knowler et al., 2002) are impressive, the exact 
quantification of the relationship remains a challenge due to the measurement issues 
discussed later. Just physiologically, physical activity is characterised by intensity, 
duration and frequency (Marti and Martin, 2001), and there exists no internationally 
agreed definition or measure of it (WHO, 2002). Therefore some arbitrary 
assumptions have to be made in order to apply the effect sizes obtained from the 
literature in effect estimations on the population level. 

 
Table 16. Assumptions for effect sizes in a Swiss study on the health effects of physical 
activity (Martin et al., 2001). Estimates for costs are in Swiss francs. 

 
 Relative risk 

for the disease 
Relative risk 
for mortality 

Direct 
treatment costs 

Indirect 
costs * 

Cardiovascular disorders 1.84 1.43 2239 2556 

Diabetes Type II 1.88 3.00 3508 636 

Colon cancer 1.90 1.68 52165 n.d. 

Osteoporosis 2.00 n.d. 630 n.d. 

Breast cancer 1.39 1.00 28490 n.d. 

Depression 3.15 n.d. 1983 n.d. 

Back pain 1.36 n.d. 739 1126 

Hypertension 1.47 1.00 693 n.d. 
n.d.: no data 
* only productivity loss 

 
An example of the assumptions to be made for effect sizes is shown in Table 16. By 
assuming a proportion of physically inactive individuals of 37%, this study has 
estimated that in a number of 1.4 million cases of disease, almost 2.000 deaths and 
direct treatment costs of 1.6 billion Swiss francs (1.1 billion Euro) are caused by 
physical inactivity in Switzerland each year (Martin et al., 2001). Using exactly the 
same assumptions except for a proportion of inactive individuals of 58% identical 
with the WHO global estimate (2002) and according to most recent findings also 
more likely for Switzerland (Martin, 2002), the respective estimates would be 1.9 
million cases of disease, 2.700 deaths and direct treatment costs of 2.2 billion Swiss 
francs (1.5 billion Euro). 
 
The global estimations of WHO (2002) indicate that physical inactivity causes about 
10–16% of cases each of breast cancer, colon and rectal cancers and diabetes 
mellitus, and about 22% of ischaemic heart disease, resulting in 1.9 million deaths 
and 19 million DALYs (disability-adjusted life years).  
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The effectiveness of interventions to increase physical activity 
 
In general, most experience regarding design and feasibility of intervention studies 
and the effects of these programs is available for interventions on the individual and 
group level. There is good evidence that interventions on these levels can increase 
physical activity among the inactive. There is also good evidence that interventions 
in the worksite setting are effective to increase physical activity. 
 
There seem to be virtually no studies assessing the impact of interventions targeting 
transport policies and environmental changes on physical activity – neither on their 
effect to increase individual physical activity behaviour in general, and particularly 
not regarding their potential to reach the inactive segment of a population. An 
observed increase in bicycle use for example is far less relevant for public health if it 
occurs in individuals already physically active in other ways than if the same 
increase could be observed in a previously inactive group. 
 
The outstanding importance of physical activity as a health resource and for the 
prevention of various chronic diseases has extensively been documented (U.S. 
Department of Health and Human Services, 1996). In the last decade, the 
recommendations for health enhancing physical activity (HEPA) have focussed on 
moderate intensity physical activity as part of an active lifestyle. In Switzerland, 
national authorities have adapted the international recommendations for health 
enhancing physical activity, which are defined as the accumulation of 30 minutes or 
more of moderate intensity activities on most, preferably all days of the week, or 
alternatively at least 20 minutes of vigorous exercise on three or more days of the 
week (Bundesamt für Sport (BASPO) et al., 2002). Nevertheless, one third of the 
Swiss adult population does not meet any one of these two recommendations 
(Martin et al., 1999, Martin 2002). In Switzerland, the need for interventions to 
promote physical activity has been recognised and has influenced the political 
agenda-setting (BASPO, 2000). From the public health point of view, it is most 
important to reach individuals and sub-groups with the lowest baseline activity. Four 
levels of interventions (Table 17) to increase physical activity have been described 
(King, 1994). 
 

Table 17. Levels of intervention 
 

Level Framework Examples 
1 Legislative / policy Bike paths, compulsory school PE, countryside access 

2 Organisational / 
environmental 

Workplace, local council initiatives, mass media 
approaches, environmental prompts 

3 Inter-personal Teaching approaches, provision of classes, peer lead groups 

4 Individual Consultations, fitness assessment, written materials 
 
Interventions such as transport policies and environmental changes which promote 
or facilitate lifestyle activities like walking and cycling are of particular interest. 
They are located mainly on level 1, to some degree on level 2. There is consensus 
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among physical activity promotion experts (e.g. King, 1998, Sallis and Owen, 1999, 
Sallis et al., 1998), that there is a great potential in this type of interventions to have 
an impact on public health, because entire populations of inactive people can be 
influenced. 
 
Effects of physical activity interventions: Swiss and international experiences  
 
The importance of regular physical activity for health is well known in Switzerland 
and physical activity promotion activities are generally appreciated by the general 
population. Nevertheless, the prevalence of physical inactivity is still rising in the 
country. A growing number of large scale physical activity promotion projects have 
begun to target physically inactive individuals. 
 
First intervention studies indicate both the possibilities and the limitations of 
interventions for behavioural change. The “Office in Motion” study used the 
ecological or settings approach in a white collar worksite intervention and has 
shown encouraging changes in previously inactive individuals. Energy expenditure 
through moderate intensity activities increased particularly in those intervention 
worksites with the lowest activity levels at baseline (Titze et al., 2001). The one year 
follow up results suggest, that mainly changes in active commuting were maintained 
(unpublished results). A randomised controlled study was conducted in the primary 
care setting (“Active upon Advice”) offering a counselling session to increase 
lifestyle activities to the intervention group and an advise-only treatment to the 
controls. Almost half of the initially inactive patients were regularly active after one 
year – though both in the intervention and control group (Jimmy and Martin). 
 
These experiences from Switzerland demonstrate that behavioural change in 
previously inactive individuals is possible. Expectations concerning the size of the 
intervention effect have to be realistic. Promotion of health enhancing physical 
activity remains a challenge. However, to our knowledge, no evaluation of changes 
in individual physical activity behaviour through environmental or policy 
interventions to promote cycling and walking has been conducted in Switzerland so 
far. 
 
A recent systematic review summarises the effectiveness of the different types of 
interventions to increase physical activity (Kahn et al., 2002). There is good 
evidence, that individually adapted interventions or community wide campaigns are 
effective. Environmental and policy level interventions were defined as 
interventions “creating or enhancing access to places for physical activity combined 
with informational outreach”. Ten studies were included in the review, all from the 
US. Eight studies were worksite interventions. The intervention programs involved 
changes such as provision of walking trails, building exercise facilities or provision 
of access to nearby facilities, all supported by informational and motivational 
measures on the individual level. Outcome measures were changes in aerobic 
capacity, energy expenditure, self-reported physical activity, frequency of physical 
activity or exercise scores. All studies were effective to increase physical activity. 
The authors conclude, that there is strong evidence that interventions “creating or 
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enhancing access to places for physical activity combined with informational 
outreach” are effective in increasing physical activity. 
 
However, it seems that only a minority of these interventions included changes of 
the physical environment or even transport policies to encourage walking and 
cycling. On a website summarising the results of this review, it is announced, that 
the accumulation of experience regarding “Transportation policy and infrastructure 
changes to promote non-motorised transit” and “Urban planning approaches - 
zoning and land use” is in progress (www.thecommunityguide.com). 
 
Earlier reviews specifically on environmental and policy interventions (Sallis et al., 
1998) confirm that there are only few studies available on this level of interventions, 
even though studies in a broader sense were also included. 
 
Two European studies on worksite interventions were not included in the recent 
review on effectiveness (Kahn et al., 2002). A promotion project in an industrial 
plant in Finland demonstrated, that walking or cycling to work can be successfully 
promoted, also among those not active on a regular basis (Oja et al., 1998).  
A limitation of this study is the uncontrolled design. In a randomised controlled trial 
in Scotland self-help material for active commuting to work was delivered to the 
intervention group (Mutrie et al., 2002). In the intervention group, the increase of 
walking to work was significantly higher than in the control group. No difference 
between the groups could be observed for cycling to work. The authors conclude, 
that before cycling can be promoted on the individual level, the necessary 
improvements on the environmental and policy level must be realised. These two 
studies promoted cycling and walking to work – however, also these interventions 
were located on the individual and organisational level and did not touch 
transportation policies or environmental changes. 
 
Obviously, also on the international level, knowledge is scarce on the effectiveness 
of interventions targeting policy and environmental changes to increase physical 
activity. A current research focus is the assessment of environmental determinants 
for cycling and walking in cross-sectional studies (e.g. Pikora et al., 2003). 
 
Without any doubt, there are many policies and interventions developed and realised 
by urban planning and transport agencies, which have the potential to increase 
physical activity levels also among those not active on a regular basis. Just one 
example is the “Cycle City Odense“ in Denmark where with more than 60 initiatives 
cycling increased at the end of the 20th and the beginning of the 21st century, while 
in the rest of the country cycling decreased (www.cycleby.dk/english.asp). But it 
seems that such interventions have never been evaluated for a physical activity 
outcome on the level of individuals. 
 
A little more data exist on the practicability of mobility plans introduced by single 
enterprises (Employer Transport Plans - ETP). Rye (1999) argues that “selling the 
concept of the ETP to employers is a challenging task which will succeed only with 
the application of considerable resources over a number of years and that, even then, 
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it will succeed only in a limited number of cases”. Nevertheless several case studies 
(e.g. Cleary and McClintock, 2000) underline the great potential of such measures 
introduced on the local level and in close cooperation with single enterprises. 
 
Methods and sources of physical activity assessment 
 
The measurement of physical activity presents several challenges, in particular with 
respect to transport and health. First of all, there exists no internationally agreed 
definition or measure of physical activity on the population level (WHO, 2002). 
Then, while associations between overall physical activity and health are very clear, 
the contribution of transport-related physical activity to overall physical activity is 
difficult to assess, not least because of the different methods and data sources for 
those two aspects. 
 
The ideal instrument for the assessment of physical activity should give a global 
assessment of physical activity, be easily applicable, comparable between population 
groups, result in good distinction between more and less active individuals or groups 
and should provide information that is relevant for interventions. Obviously, such an 
instrument does not exist. The different possibilities for the assessment of physical 
activity have already been outlined in the US Surgeon General’s Report on Physical 
Activity and Health (Department of Health and Human Services, 1996). Since then, 
only GPS (global positioning system) has been added to the list (Table 18), though 
this device is not yet in routine use. 
 

Table 18. Physical activity assessment methods 
 

Surveying Task specific diary 
 Recall questionnaire 
 Quantitative history 
 Global self-report 

Monitoring Behavioural observation 
 Job classification 
 Heart rate monitor 
 Motion sensors 
 Calorimetry 
 GPS 
 Doubly labelled water 

 
Except for job classifications which only give a very rough estimate of physical 
activity, most possibilities in the “monitoring” group are methodically rather 
demanding. Laboratory methods such as direct and indirect calorimetry or doubly 
labelled water technique are generally considered accurate in measuring energy 
expenditure of physical activity. Nevertheless, both methods have limitations. While 
the doubly labelled water technique cannot be used to examine short-term physical  
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activity (Starling et al., 1999), indirect calorimetry is not suitable to measure energy 
expenditure in free-living humans during longer periods. In addition, these methods 
are expensive and not suitable for epidemiological studies. The only method in this 
group that has already been used in representative studies are accelerometers as a 
particular kind of motion sensors (Sjöström, 2002). 
 
Self-completed or interviewer-administered questionnaires are often used to assess 
physical activity. These instruments record information on duration, intensity and 
type of activities performed over a certain period of time. Detailed physical activity 
recall questionnaires show the best results in validity studies and also allow the 
identification of the contribution of different forms of activity to overall activity 
usually expressed as energy expenditure (Bernstein et al., 1998). However, their 
utilisation in large representative surveys is limited by their sheer size. Therefore, 
short physical activity questionnaires are most widely used, though their validity is 
clearly poorer than that of their larger counterparts (Sequeira et al., 1995, Mäder et al., 
2002). Even by respecting the necessary procedures for trans-cultural adaptation, 
questionnaires in general are prone to differential use not only between countries, 
but also between different cultural groups within the same country (Martin and 
Mäder, 2002). 
 
A standardised and internationally comparable physical activity questionnaire 
(IPAQ) has been developed (www.ipaq.ki.se) and only recently was evaluated in 
representative surveys (De Bourdeaudhuij et al., 2003, Craig et al., 2003, Hallal and 
Victoria, 2004). 
 
The Swiss Health Survey is a large (nearly 20.000 participants in 2002) 
representative population survey conducted by the Swiss Federal Statistical Office 
every five years and is also the most reliable and the most important data source for 
health-related physical activity in Switzerland on a national scale. It has used an 
item on sweat episodes in physical activities during leisure time since 1992, a 
secondary analysis of the respective data was published by Calmonte and Kälin 
(1997). The Swiss Health Survey 1997 included several more items on physical 
activity and has given researchers the opportunity to study the associations between 
physical activity behaviour and several health variables in more detail (Martin et al., 
2000). Among others, it contained an item on daily transport by bicycle or on foot. 
The Swiss Health Survey 2002 encompassed additional questions on activities of 
moderate intensity. 
 
In a supplementary smaller study, the Swiss HEPA survey 1999, activities of 
moderate intensity and intention for behavioural change were assessed for the first 
time (Martin et al., 2000). The Swiss HEPA survey 2001, again carried out in a 
sample of 1500 participants, has allowed researchers to compare the prevalence data 
with those of two years before and has also used a new set of less suggestive items 
(Martin, 2002). 
 
The Swiss Household Panel (www.swisspanel.ch) carried out annually since 1999 in 
more than 5000 households also contains some items on physical activity and allows 
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the observation of spontaneous change in activity patterns in the same individuals as 
well as the cross-sectional and longitudinal associations with potentials predictors on 
the individual and on the household level. 
 
Walking and cycling assessment 
 
For the measurement of travel behaviour and also transport-related physical activity, 
methods used are diaries, questionnaires, manned or automated counting stations 
and as a new approach in some studies, but not yet in routine use for monitoring also 
GPS. While diaries, questionnaires and devices like GPS provide data on 
individuals, counting stations can only provide aggregated information. 
 
The most important data source on the national level is the scientific survey of the 
population’s travel behaviour conducted by Bundesamt für Raumentwicklung and 
Bundesamt für Statistik (2001, travel behaviour microcensus) carried out every five 
years since 1974.  
 
The 2000 microcensus included nearly 30.000 participants selected in a random-
procedure who were asked about every travel distance of more than 25 meters 
during the preceding day with respect to distance and time travelled, transport mode 
and purpose. 
 
Similar surveys are carried out by the Federal Statistical Office for transport and 
tourism and by the University of St. Gallen for the travel market in Switzerland, but 
an integration of the respective results has not yet taken place. None of the surveys 
mentioned includes information on overall physical activity. 
 
Systematic counting station networks on a national level exist only for motorised 
transport. Some counting on cycling is carried out by the foundation “Cycling in 
Switzerland“ (www.cycling-in-switzerland.ch) and used for modelling, but an actual 
national cycling counting network is only in the planning stage. Some of the bigger 
cities in Switzerland like for example Bern or Zurich use systematic counting for 
walking and cycling, but a national counting station network for walking does not 
yet exist. 
 
An integration of data from surveys and counting stations has not yet taken place on 
a larger scale. 
 
 
4. Conclusions 
 
Research needs 

• In general, most experience regarding design and feasibility of intervention 
studies and the effects of these programs is available for interventions on 
the individual and group level. There is good evidence that interventions on 
these levels can increase physical activity among the inactive. 
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• There is good evidence that interventions on the worksite setting are 
effective to increase physical activity. 

• There seem to be virtually no studies assessing the impact of interventions 
targeting transport policies and environmental changes on physical activity 
– either on their effect to increase individual physical activity behaviour in 
general, and particularly not regarding their potential to reach the inactive 
segment of a population. An observed increase in bicycle use for example 
is far less relevant for public health if it occurs in individuals already 
physically active in other ways than if the same increase could be observed 
in a previously inactive group. 

• In general it is well established that urban populations are on average less 
active than rural populations. This difference might even be more 
pronounced in developing countries (Torun et al., 2002), But is also 
influenced by gender, jobs, and socio-economic status. An easier access to 
motorised traffic might contribute to increased rate of sedentarism in urban 
areas but the absolute amount of this contribution is difficult to assess. 

• For school children it has been shown that active commuting to school 
contributes relevantly to their overall physical activity so that transport 
policies that successfully encourage active commuting to school would 
have an impact on overall physical activity and rate of sedentarism in this 
age group (Tudor-Locke et al., 2002) 

• It is difficult to quantify and compare intervention effects because of 
different measures for physical activity and the respective outcomes of the 
studies. 

 
Therefore: 

• Examples of good practice have to be documented. 
• Baseline evaluations before the start of policy and environmental 

interventions are essential to assess any changes in individual physical 
activity behaviour. 

 
Elements of a longitudinal monitoring system based on surveys have been 
established in Switzerland for both overall physical activity and walking and cycling 
as transport-related physical activity. An integration of the data from both sources 
has not yet taken place. 
 
The fact that these monitoring systems rely solely on questionnaire data imposes 
limitations on inter-cultural comparisons both within the country and with other 
countries. The use of objective measurements like accelerometry might open up new 
possibilities in this respect. 
 
Policy recommendations 
 
Physical inactivity is a world-wide public health problem. While quantifying the 
impact of transport patterns and the built environment on activity behaviour is still a 
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matter of research, the general fact that sustainable transport modes attribute to a 
healthier lifestyle is evident.  
 
In general, there are not enough financial resources in the health and physical 
activity sector to conduct environmental interventions. Therefore collaborations with 
experts from the traffic and environmental sector are necessary. The interventions of 
these partners should be evaluated also regarding individual physical activity 
behaviour. 
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Summary 
 
Mobility and transport result in both direct and indirect environmental health effects. 
The direct effects entail the health consequences of air pollution, noise, traffic 
accidents and sedentarism. The indirect health effects result from global changes and 
the use of resources. This latter links mobility and transport up with general 
pollution of water, soil and air and the production of waste. 
 
The paper analyses the responses of the international policy community to deal with 
the environmental health problems resulting from increasing traffic and mobility. 
Two groups of documents are analysed: the outcome of the World Summit on 
Sustainable Development (Johannesburg, South Africa, 2002) and the by 2003 
published National Environmental Health Action Plans (NEHAPs). 
 
The Johannesburg Plan of Implementation (JPoI) provides different anchor points 
for a mobility and transport policy from which environment and health can benefit. 
These include: 

(-) in the chapter on consumption and production: improved technical 
performance and safer, affordable and energy-efficient transport systems; 

(-) in the chapter on natural resources: support of the Kyoto and Montreal 
Protocols; 

(-) in the chapter on health: preventive, promotive and curative programmes on 
traffic-pollution related diseases and the phasing out of lead in gasoline. 

 
Also partnerships launched in Johannesburg target specific aspects of health and 
mobility. The paper discusses the example of lead-poisoning action. 
 

 © 2005 Springer. Printed in the Netherlands. 
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The objectives on transport in 9 NEHAPs are inventoried. The analysis shows that 
European countries merely aim at reducing the emissions and noise from traffic and 
are determined to bring down the mortality and injury risks resulting from accidents. 
Only few plans pay attention to the problems resulting from sedentarism. Traffic, 
environment and health are policy fields that cover the problems in this paper. In 
spite of international efforts to integrate these elements, in daily business they 
operate mainly within divided structures in most European Countries. Their 
integration is a major defeat for the years to come. 
 
 
1. Introduction 
 
(1) Air pollutants: traffic emissions contribute to CO, SO2, NOx, volatile organic 

compounds, ozone and (fine) particulates in the air. On a short term basis these 
pollutants are known to increase the number of deaths, hospital admissions and 
emergency visits, in particular for respiratory and cardiovascular problems. Of 
particular concern are fine particulates (PM2.5 and smaller). In Europe and the 
Asian part of Russia an estimated 100,000 people (out of approximately 10 
million deaths) a year die prematurely as a result of exposure to air pollutants 
(Dora and Phillips, 2000). In Germany particulate pollution causes an 
estimated number of 25,000 deaths a year (UPI, 1999). In the long term, the 
carcinogenic potential of a number of these pollutants is significant. 

 
(2) Noise: road traffic has become the most important source of exposure to noise 

in the urban environment. Airplane noise threatens the quality of life of people 
living around airports. Environmental noise causes hearing impairment, 
hypertension, ischaemic heart disease, annoyance, decreased learning 
performance in children at school, sleep disturbance, changes in EEG, heart 
rate, hormone levels and the mood next day. Heart rate changes, annoyance 
and sleep disturbance have been reported at exposure levels as low as 40-45 
dB(A). 

 
(3) Road traffic accidents (RTAs): in the WHO European Region approximately 

120,000 people die every year and more than 2.5 million are injured as a result 
of road traffic collisions (Dora and Phillips, 2000). In Germany, the annual 
number of deaths from road traffic accidents is 8,758, or approximately one 
third of the number of premature deaths as a result of exposure to (fine) 
particulates (UPI, 1999). Pedestrians are the most vulnerable. Road traffic 
accidents also are not distributed equally between different social groups. In 
the UK, a child in the lowest socio-economic group is six times more likely to 
be killed or seriously injured than a child in the highest group (TRL, 2000). For 
Germany it was shown that, based on the total number of hours of life lost 
through RTAs and the size of the German vehicle fleet, the authors estimate 
that in the ten-year average life of a car, each car is responsible for 820 hours 
of lost life and 2,800 hours of handicapped life. This compares to the average 
amount of use of a car in its ten-year life, which is 2,400 hours (UPI, 1999). 
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(4) Sedentarism: the attributable fraction of mortality from physical inactivity is 
estimated to range between 5 and 10 percent of the total mortality in the WHO 
European Region (WHO, 2002). This is equivalent to a few hundred thousands 
of deaths a year. In Belgium, over 30 percent of the car trips are done to bridge 
distances that are shorter than 1 km and could easily be done on foot or by 
bicycle. Using cars for these short-distance trips not only increases traffic 
unnecessarily, but contributes in a major way to the sedentary lifestyle of 
Europeans. 

 
In particular the effects of atmospheric pollution and noise have been extensively 
reviewed in this book. Traffic also has a number of indirect environmental health 
effects. The main ones are the following: 
 
(1) Climate changes: world-wide, emissions of CO2 from all transport sectors are 

currently approximately 22 per cent of global carbon emissions from fossil fuel 
use (IPCC, 2000). Carbon dioxide  emissions in the European Union (EU) 
increased by 47 per cent between 1985 and 2001. Other sectors increased by 4.2 
per cent. More than 30 per cent of final energy in the EU is now consumed by 
transport. Road transport is the main cause of this increase and contributed 84 per 
cent of the CO2 emissions from transport in 1998. In the same year, EU 
greenhouse gas emissions from international transport (aviation and shipping) 
amounted to 5 per cent of the total emissions in the Union. Aviation emissions 
are expected to rise dramatically in future years and to account for 20 per cent of 
the greenhouse gas emissions by the year 2020 (Whitelegg, 2003). The forecast 
is that the greenhouse gas emissions from transport in the EU will be 39 per cent 
above the 1990 levels by 2010 (IEA, 2001). In this way Europe will continue to 
contribute to greenhouse gas effects also on health (premature deaths, increased 
tropospheric ozone problems, geographically altered spreading of biological 
vector diseases such as malaria) (McMichael et al., 1996). 

 
(2) Resource use: the energy needed to produce a car is comparable to the amount 

of energy the car consumes during its life-span. An average car weighs about 
1.14 ton, most of it steel and plastic (UPI, 1999). All this material has to be 
extracted from the ground and/or processed from other materials. At every 
stage of its life cycle of sourcing, manufacturing and assembly, there are 
transport and energy costs and waste produced. In this way each car is 
responsible for 25 ton of waste (UPI, 1999). The other half of the energy a car 
consumes is oil. These days the world consumption of oil totalises some 74 
million barrels a day (IEA, 2001). Over 50 per cent of this are transportation 
fuels and their share is rising steeper than that of any other sector. A full 
materials analysis should also include the effects of extracting and transporting 
crude oil. Oil spills in oceans are an aspect of this (including accidental spillage 
and routine washing out of tanks whilst at sea). This amounts to 13 litres of 
crude oil deposited in the oceans for every car. Land contamination is also a 
problem and a source of environmental and political crisis in the land of the 
Ogoni in Nigeria (Babalola, 2002). Also land use is to be addressed. In 
Germany the total land used for parking and road is 3,800 km2 or 200 m2 of 
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land that is allocated to an average car. 3,800 km2 is 60 per cent higher than the 
total land required for all housing space for every German citizen (UPI, 1999). 
In this way traffic and mobility are linked up with the general pollution of air, 
water and soil and the other effects resulting from resource use. The health 
effects resulting from these impacts are real, but currently not quantified. 

 
While during the last decade a lot of progress has been made in making the 
environmental health consequences more objective and transparent, one might 
question the policy impacts of these data. Current traffic policy in the EU and the 
member states is largely independent of environmental health data and largely 
driven by more strict technical emission regulations, that are expected to reduce the 
total amount of traffic-related emissions even when the car park space increases. Is 
this what we really want for the future? Most probably, the important questions are 
not about engineering, but about ways of living (Peñalosa, 2003). This will 
necessitate a new paradigm of mobility and transport. What will this look like? 
 
As the problem has important international and world-wide aspects, international 
environmental policy should be able to draw the main contours of this new 
paradigm. The question is of particular interest also because international 
environmental policy was accessible for and sensitive to questions of environmental 
health. From the Montreal Protocol (1987) on the reduction of ozone layer depleting 
substances to the Stockholm Convention (2001) on the phasing of the 20 most 
important persistent organic pollutants, there is an impressive record of agreements 
that have largely been reached by environmental health concerns (see Table 19 for a 
selected list of these agreements). 
 

Table 19. Major international agreements on health and environment. 
 

1. Montreal Protocol on substances that deplete the ozone layer (September 1987) 

2. Basel Convention on the control of transboundary movements of hazardous wastes 
and their disposal (March 1989) 

3. UN Conference on Environment and Development, Rio de Janeiro, Brazil (June 
1992) 

4. Millennium Development Goals (September 2000) 

5. Bahia Declaration on Chemical Safety (October 2000) 

6. Stockholm Convention on Persistent Organic Pollutants (May 2001) 
 
In this paper the aspects of environmental health and mobility are discussed as they 
emerge from two groups of recent international policy documents: 
 
(1) the ‘political declaration’ (JPD) and the ‘Plan of Implementation‘ (JPoI) that 

were agreed upon during the World Summit on Sustainable Development 
(WSSD) or commonly called the Johannesburg Summit, as it was organised in 
Johannesburg, South Africa from August 26th until September 4th, 2002. 

(2) the National Environmental Health Action Plans (NEHAPs). These are the 
result of a decision of the second interministerial Conference on Health and 
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Environment (Helsinki, Finland, 1994). On that occasion the ministers decided 
that each country in the area of the World Health Organisation, Regional 
Office for Europe should prepare a national plan to act on environmental health 
issues. The first plans were published in 2003. 

 
 
2. World Summit on Sustainable Development (WSSD) 
 
The main driver behind the WSSD was the documented finding that although 
progress was made with the implementation of sustainable development (SD) during 
the past decade, this progress was insufficient and too slow to curb the main 
development of unsustainability. Therefore the conference focussed on how to (more 
effectively and more efficiently) implement Rio’s Agenda 21, a world-wide action 
plan for SD that resulted from the UNCED Conference in Rio de Janeiro, Brazil, in 
June 1992. 
 
Part of this discussion has to do with setting priorities. In this context UN Secretary-
General Kofi Annan launched WEHAB - a world-wide focus on issues (inter)related 
to Water, Energy, Health, Agriculture and Biodiversity. This means that health in a 
setting that combines environmental health issues with other world-wide health 
problems as HIV-AIDS is at the core of SD. Figure 34 relates health as understood 
in an SD context with the four other WEHAB areas. It is clear from this analysis 
that, although traffic and mobility are not mentioned explicitly, both the direct (e.g. 
urban air pollution) and indirect (e.g. climate change, water pollution) effects 
mentioned in the introduction of this paper can be associated with this analysis. 
They cluster in the ‘health and energy

‘

 package. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 34. Health in a context of sustainable development as defined by the WSSD-WEHAB 
(Water, Energy, Health, Agriculture, Biodiversity) priorities. 
 

Health and Water 
- water-related diseases 

contribute significantly to 
global illness and death 

- need to collect water a drain 
on women’s health 

Health and Energy 
- urban and indoor air pollution 

have serious impacts on 
health 

- climate change affecting 
health through heat waves, 
floods, patterns of infectious 
disease

Health and Biodiversity 
- loss of potential new 

medicines and medical 
models as biodiversity is lost 

- disturbed ecosystems can lead 
to new diseases 

- invasive species carrying and 
causing new disease patterns 

Health and Agriculture 
- healthy work-force needed 

for agricultural productivity 
- agricultural inputs having 

negative health impacts 

Health 
- poverty increases 

vulnerability to poor 
health, and poor health 
increases vulnerability to 
poverty 

- unhealthy environments 
lead to poor health 
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The WSSD resulted in three main outputs: 
 
(1) The political declaration is at the same time an overarching and concluding 

document pointing to the main issues addressed by the conference and echoing 
the attachment of the international community to SD. 

 
(2) The ‘Plan of Implementation of the World Summit on Sustainable 

Development’ (JPoI) that builds further on the achievements made during the 
last decade and focuses on the political alleviation of the main sustainability 
problems as they exist in 2002. 

 
(3) Partnerships: that are an open invitation from the UN and its member countries 

to the civil society to put SD into practice. 
 
A more extensive introduction to WSSD and its immediate results can be found in 
Hens and Nath (2003). In the following sections the health aspects of traffic and 
mobility as they appear in these main WSSD outputs will be analysed. 
 
2.1. The Political Declaration 
 
This document includes 69 articles grouped in 6 sections. In section 4, which is on 
“The Johannesburg Commitment on Sustainable development”, health and energy 
are mentioned as general concerns in the following way: “We welcome the focus of 
the Johannesburg Commitment on the basic requirements of human dignity, access 
to clean water and sanitation, energy, health care, food security and biodiversity...” 
 
The political declaration sets the Johannesburg Summit scene. However, it is 
currently unclear what the political declaration adds to the international policy on 
traffic and environmental health. 
 
2.2. The Plan of Implementation (JPoI) 
 
Apart from an introduction, the JPoI includes 9 chapters that are listed in Table 20. 
The table also indicates to what extent core terms in the health and mobility debate 
are mentioned. Transport is mentioned 5 times in the plan. Among the direct health 
effects only air pollution is mentioned in the JPoI. Noise has no entry. Injuries and 
sedentarism are mentioned in the health chapter. The main link to the issue is 
through ‘energy‘ that is mentioned 45 times in total. Although many energy 
references in the JPoI have no or most indirect links with the mobility and health 
issue. 
 
An analysis by chapter shows that three chapters are of core importance: 
 
Chapter III: Changing unsustainable patterns of consumption and production 
 
The way societies produce and consume was already in Agenda 21 identified as 
main fundamental causes of unsustainability and environmental degradation, in 
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particular in industrialised countries. Moreover, in preparing the WSSD, it was clear 
that particularly this area made very little progress. 
 
The JPoI addresses a selected number of most important items in the production and 
consumption debate: 10-year work programmes to shift towards sustainable 
production and consumption; enhance corporate environmental and social 
responsibility and accountability; energy; transport; waste; and chemicals. 
 
Table 20. Mobility and health as mentioned in the different chapters of the Johannesburg Plan 
of Implementation (JPoI). 
 

Chapter 
number in the 
JPoI 

1 2 3 4 5 6 7 8 9 10 11 Total 
number of 
mentions 

transport 0 0 4 1 0 0 0 1 0 0 0 6 
transport and 
health 

0 0 0 0 0 0 0 0 0 0 0 0 

energy 0 13 59 5 0 1 5 7 2 0 1 93 
energy and 
health 

0 0 0 0 0 0 0 0 0 0 0 0 

air pollution 0 0 0 3 0 0 0 0 0 0 0 3 
air pollution 
and health 

0 0 0 0 0 0 0 0 0 0 0 0 

Chapter 
number in the 
JPoI 

1 2 3 4 5 6 7 8 9 10 11 Total 
number of 
mentions 

noise 0 0 0 0 0 0 0 0 0 0 0 0 
noise and 
health 

0 0 0 0 0 0 0 0 0 0 0 0 

atmospheric 
pollution 

0 0 0 0 0 0 0 0 0 0 0 0 

accidents 0 0 0 0         
climate 
changes 

0 0 0 0 0 0 0 0 0 0 0 0 

N
um

be
r 

of
 m

en
tio

ns
 

resource use 0 0 0 0 0 0 0 0 0 0 0 0 
 
Both the energy and the transport articles are relevant for the discussion of this 
paper. Article 20 is important as, without mentioning transport explicitly, it refers to 
more energy efficiency, advanced energy technologies, alternative technologies, 
increased use of renewable energy, advanced and cleaner fossil fuel technologies, 
reduction of flaring and venting of gas associated with crude oil production and 
policies to reduce energy market distortions. In general, although also policies and 
instruments to realise these aims are mentioned, the article has a strong scientific-
technical focus. In relation to this discussion, it was noticeable that one of the 
companies that organised an outspoken presence at the WSSD was BMW presenting 
at large its hydrogen fuelled car. 
 
Article 21 is about transport systems and services. Sustainable transport is safe, 
affordable, efficient, more energy-efficient; it reduces pollution, congestion and 
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adverse health effects; it limits urban sprawls. In this article there is a clear focus on 
both direct and indirect health effects of the current traffic system. Sustainable 
transport strategies should improve urban air quality and reduce greenhouse gas 
emissions. This needs better vehicle technologies that are more environmentally 
sound, affordable and socially acceptable. Sustainable transport also means 
investment and partnerships in multi-modal transportation systems. This includes 
public mass transportation and better transport in rural areas. 
 
Chapter IV: Protecting and managing the natural resource base of economic and 
social development 
 
This is the longest and most comprehensive chapter of the JPoI. It deals with how to 
limit the increasing impact that human societies have on the integrity of ecosystems 
that provide the essential resources and services for them. 
 
The chapter includes sections on: drinking water; oceans, seas, islands and coastal 
areas; fishery; risk assessment and disaster management; greenhouse gas emissions 
and the Kyoto Protocol; agriculture; desertification; mountain ecosystems; 
sustainable tourism; biodiversity; forests and trees; and mining of minerals and 
metals. 
 
Among these, article 38 on efforts to ensure the putting into force of the Kyoto 
Protocol to the United Nations Framework Convention on Climate Change, is of 
particular importance for the mobility and health discussion. 
 
The Kyoto Protocol is a central element of discussion at the WSSD. After the 
announcement that the United states and later also Australia would not join the 
protocol, at the beginning  of the summit, it was uncertain whether sufficient 
countries with an emission load that was significant enough would join the protocol 
to put it into action. The positive attitude of Russia towards the protocol was a 
positive element. Moreover, during the conference, leading developing countries 
including Brazil, India and South Africa advocated a regime with stronger 
greenhouse gas reduction targets. 
 
Article 38 refers to a set of general, national actions to support and intensify the 
Kyoto Protocol. These include: technical and financial assistance and capacity 
building to developing countries and countries with economies in transition; 
building of scientific and technological capabilities and networks; systematic 
observations and monitoring of the earth’s atmosphere; and special attention to the 
Arctic environment. 
 
The JPoI does not mention traffic specifically in relation to Kyoto, neither does it 
provide a sectoral analysis of the problems of implementation. Nevertheless, it is 
obvious that in many industrialised countries the current evolution of the emissions 
mainly by car and air traffic are perpendicular to the Kyoto targets. In the EU the 
greenhouse gas emissions from transport are estimated to increase by 39 per cent 
between 1990 and 2010 (IEA, 2001). This is almost impossible to match with an 
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overall (sectors) decrease of 5.5 per cent. Moreover, one should take into account 
that traffic evolves as a sector that sociologically is more difficult to change than 
other sectors contributing to air pollution. 
 
Article 39 deals with air pollution in a wider context than just the greenhouse gasses. 
It calls for a reduction of (transboundary) air pollution and its main effects, 
including acid deposition and stratospheric ozone depletion. This should be done by 
strengthening the capacities of developing countries and countries with economies in 
transition to measure, among others, health impacts. Moreover, the regime of the 
Montreal Protocol on Substances that Deplete the Ozone Layer should be further 
supported and elaborated. 
 
It is obvious that the contribution of car traffic to urban environments in particular 
and of air traffic in transboundary air pollution are implicated by this article. 
 
Chapter VI: Health and sustainable development 
 
Johannesburg favours a wide interpretation of health in an SD context. The JPoI 
links health up with article 1 of the Rio Declaration on Environment and 
Development stating that ‘human beings ... are entitled to a healthy and productive 
life, in harmony with nature’. To achieve the goals of sustainable development, 
health is linked up with, among others, poverty eradication, particular attention to 
vulnerable groups (unborns, children, elderly, diseased), traditional medicine 
knowledge and practice, occupational health, environmental health and the HIV-
AIDS pandemic. 
 
The chapter addresses implicitly traffic and mobility where it advocates ‘... 
preventive, promotive and curative programmes to address non-communicable 
diseases and conditions, such as cardiovascular diseases, cancer, ..., respiratory 
disease, injuries, ... and associated risk factors, including ... lack of physical activity’ 
(article 54[o]). The same applies to paragraph 54(k) that advocates the launch of 
international capacity building initiatives that assess health and environment 
linkages and use this knowledge to create more effective policy responses to 
environmental threats to human health. 
 
Traffic and mobility are addressed explicitly in article 56 which deals with reducing 
respiratory diseases in children by inter alia phasing out lead in gasoline and the use 
of cleaner fuels. 
 
Overall, this chapter mentions explicitly, apart from some specific noise impacts, all 
direct impacts of traffic on health. It calls, moreover, for specific action on 
tetraethyl- and tetramethyl lead and cleaner fuels. It advocates more collaborative 
research and monitoring on environmental health effects. 
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2.3. Partnerships 
 
Partnerships for SD, conceptualised during the third PrepCom, are the third main 
outcome of the WSSD. The concept was mooted in response to this question: ‘how 
best could civil society make project-wise contribution to the implementation of 
SD?’. However, there is at present a good deal of confusion over the concept of such 
partnerships and their modus operandi. 
 
Type II partnerships cover the main issues of the JPoI, including WEHAB; but also 
networking on SD in science, education and decision-making; finance, trade and 
technology transfer; sustainable production and consumption; urbanisation and other 
areas. 
 
At the WSSD, 218 partnerships on which the United Nations had agreed, were 
announced. However, the initiative is still open for contributions. By June 2003, 266 
partnerships were announced at the website of the Summit (UN, 2003). 
 
In particular the health and energy sections include initiatives that are relevant for 
the mobility and environmental health discussion. Table 21 lists the most relevant 
type II partnerships in this context. Note that the ones on cleaner fuels, LPG and lead 
directly fit into the objectives of article 56 of the JPoI. The pan-European 
programme on transport, health and environment originates from earlier work on the 
issue by the regional office of WHO-Europe. 
 

Table 21. Type II partnerships and leading partners on mobility and health by May 2003. 
 

Type II Partnership on 
mobility and Health 

Leading Partners 

Global Partnership towards 
Cleaner Fuels 

International Fuel Quality Center, 
Brussels, Belgium 

The LPG Challenge UNDP, World LP Gas Association, 
New York 

Global Lead Initiative Alliance to End Childhood Lead 
Poisoning, Washington 

Transport, Health and 
Environment Pan-European 
Program (The PEP) 

UN/ECE and WHO Secretariats, 
Geneva 

 
The list in Table 21 offers a modal illustration of the main actors in the type II 
partnerships: industry (mainly through its sectoral, thematic or other international 
networks), NGOs and United Nations-related organisations. The ‘Alliance to end 
childhood lead poisoning’ is an example that illustrates how civil society can 
actually contribute to implementing the JPoI targets. This Washington-based 
organisation is the main driver behind the ‘Global Lead Network’. Box 5 
summarises their actions. Their initiatives provide an illustration on how civil 
society can help to realise targets of sustainable development. 
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Box 5. Basic facts on the ‘Alliance to end childhood lead poisoning’. 
 

Problem statement 
Lead poisoning is a global problem that can be completely prevented. Preventing lead 
poisoning is a vital component of sustainability and fully in line with the targets of the 
JPoI. 
 
Prevention actions should be based on six principles: 

1. Prevention 
2. Interdisciplinary approach 
3. Co-ordination at international, regional, national and local levels 
4. Public awareness and community involvement 
5. Priority-based approach 
6. Life cycle management 

 
Action 

1. World-wide phasing-out of leaded gasoline 
2. Promoting a transition to clean fuels 

 
Global lead network 
Provides resources and facilities information exchange and collaboration among those 
working on prevention of lead exposure around the world. A website exists that is 
designed to assist agencies, NGOs, researchers, concerned citizens, the private sector, ... 
all stakeholders interested in developing and implementing solutions to lead poisoning 
and pollution, as well as to other environmental, health and sustainability problems 
 
Website 
http://www.globalleadnet.org/ 

 
 
3. National Environmental Health Action Plans (NEHAPs) 
 
3.1. Origin and context 
 
The JPoI is only one policy document relating traffic and mobility to environmental 
health. Other international plans that aim at reaching an environmental quality that 
does not harm environmental health are listed in Table 22. Among them are the 
National Environmental Health Action Plans (NEHAPs) and the Child 
Environmental Health Action Plans (CEHAPs). These are WHO-Europe initiatives, 
established in the framework of the International Interministerial Conferences on 
Environmental Health. The first one was organised in Frankfurt, Germany, in 1989. 
It aimed at situating health in a sustainable development context and resulted in a 
‘European Protocol on Environment and Health’. 
 
The Second Interministerial Conference was organised in Helsinki, Finland in 1994. 
On that occasion the activities were linked up with chapter 8 on health and 
environment of Agenda 21. This was facilitated most by the report ‘Our Planet, our 
health’ (WHO, 1992) that addressed environment and health in a comprehensive way 
and in a sustainable development context. The novelty in this discussion was the 
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explicit linking of the formerly separated areas of environmental protection and health 
promotion. This resulted in a vision on health stating that political, economic, social, 
cultural and environmental factors all are influential for health and wellbeing. 
 

Table 22. International plans targeted to environmental health. 
 

Policy Plan Target Organisation(s) 
Pan European Plan 
(PEP) on Health and 
Environment 

Reducing the health effects resulting from 
environmental exposure to traffic impacts. 

WHO, LINECE 

National Environmental 
Health Action Plans and 
Child Environmental 
Health Plans 

Implementation of health targets 
formulated in Agenda 21. 

Inter-ministerial 
conferences on 
Environmental 
Health - WHO 
Europe 

Strategy  for Sustainable 
Development 

One of the four basic aims: improvement 
of human health, quality of life, positive 
employment effects of environmental 
policy, public participation and 
environmental education. 

OECD 

Sixth Environmental 
Action Programme 

Contributes to the high level of quality of 
life and social well-being for the citizens, 
by establishing an environment in which 
pollution does not reach a level which 
results in adverse effects on public health 
and the environment. 

EU 

European Strategy for 
Environmental Health 
“SCALE”-initiative 

Integration of information on the state of 
the environment and human health.  The 
strategy aims at filling the knowledge gaps 
on environmental health. 

EU 

 
The Second Interministerial Conference also agreed on the establishment of 
National Environment and Health Action Plans (NEHAPs). These are instruments to 
integrate environmental protection and health promotion into political programmes. 
In June 1999, environment and health ministers committed themselves to endorsing 
and strongly supporting the implementation of NEHAPs in the London Declaration, 
at the Third Ministrial Conference on Environment and Health. By 2002, 43 
NEHAPs have been developed of which 12 are available at the website of WHO-
Europe (http://www.who.dk/envhealthpolicy/Plans/20020809_1). These plans will 
be evaluated at the Fourth Ministerial Conference on Environment and Health, to be 
held in Budapest (Hungary) in June 2004. 
 
 
3.2. Mobility and traffic 
 
Table 23 overviews the mobility and traffic objectives in 9 NEHAPs that are 
accessible at the WHO-Europe website by May 2003. In all these plans traffic is a 
cross-sectoral issue. It is referred to in sections such as air pollution or health risks. 
However, the issue is explicitly mentioned in 6 out of these 9 plans. 
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Table 23. Mobility and traffic related objectives in 9 National Environment and Health 
Action Plans (NEHAPs). 
 

Country Latest 
Update 

Chapter on 
transport or 
mobility 

Objectives 

Bulgaria May,  
2002 

5.3 
Transportation 

(-) To implement integrated transportation 
policy. 
(-) To reduce gaseous and particulate 
emissions. 
(-) To reduce traffic noise and pollution. 
(-) To safeguard the right of pedestrians. 
(-) To promote the development of 
railways. 

Czech  
Republic 

? 6.5 Transport (-) To monitor environmental parameters 
and population health indicators. 
(-) To assess relationships between 
parameters. 
(-) To assess health risks. 
(-) To establish priorities and activities. 

Finland 1997 - Traffic and transport are mentioned but 
there are no specific objectives.   

Germany June,  
1999 

- Traffic and transport are mentioned but 
there are no specific objectives. 

Malta 1997 5.3 Transport (-) To reduce road traffic injuries, 
disabilities and deaths by 25% by 2000 
compared to 1990. 
(-) To reduce gaseous and particulate 
emissions. 
(-) To abate noise from traffic. 
(-) To set and enforce speed limits. 
(-) To check the road worthiness of all 
vehicles. 
(-) To safeguard the rights of pedestrians. 
(-) To regulate traffic to reduce accidents, 
pollution and noise. 
(-) To thoroughly investigate car accidents. 

Poland ? 2.5.3 
Transportation 

(-) Reduction of noise and emission of 
gaseous pollutants and dust. 
(-) Reduction of the risk of road accidents, 
especially fatality cases. 
(-) Decrease of exposure of urban 
populations to transportation noise. 

Slovak 
Republic 

? - Traffic and mobility are mentioned but 
there are no specific objectives. 
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Table 23, continued. 
 

Country Latest 
Update 

Chapter on 
transport or 
mobility 

Objectives 

Switzerland August, 
2003 

Mobility and 
well being 

(-) By he year 2002, 80% of the population 
will know about the relationships between 
motorised traffic, emissions and the effects 
on human health. 
(-) Reduction of emissions to such on 
extent that the impact threshold levels of 
the Ordinance on Air Pollution Control can 
be respected. 
(-) By 2007, the proportion of journeys by 
bicycle will have doubled for commuting, 
shopping and leisure as compared to 1995. 

UK July,  
2003 

Personal 
transport 

Encourage production, marketing, purchase 
and use of vehicles that are more fuel 
efficient. 

 
The majority of these address: 
(-) reduction of emissions, 
(-) reduction of exposure to noise, 
(-) minimisation of the physical risks resulting from traffic accidents. 
 
Note that the Swiss plan, that more than other plans focuses on ‘wellbeing’ rather 
than on indicators for illness, is the only one to mention objectives on bicycling and 
physical activity. 
 
The issue also needs to be cross-linked with other plans that exist in the different 
countries. An interesting example of that is the UK, where NEHAP is an integrated 
part of the ‘Strategy for sustainable development for the United Kingdom

‘

 (UK 
Government, 1999). In other countries the NEHAPs should be read together with 
National Plans for Sustainable Development and/or mobility plans and/or 
environmental plans. 
 
 
4. Discussion 
 
The review of the health aspects in the JPoI and a selected number of NEHAPs 
shows that mobility and transport is a recognised focal area. European countries 
target merely reduction of air pollutants and noise emissions in combination with a 
reduction of accident risk. This is to a lesser extent the case in the WSSD 
documents. Only in a limited number of NEHAPs are the targets quantified and 
timed, which is a necessary condition for a plan. 
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The health effects resulting from the exposure to emissions from traffic are at the 
interface of three policy areas: health, environment and traffic. An integrated, 
comprehensive approach is necessary to handle problems in this field. With their 
attention for NEHAPs the Ministrial Conferences on Environment and Health have 
addressed environment and health integrated in one political programme. The next 
logical step is the integration with traffic policies. In most countries this integration 
still needs to be addressed. 
 
A similar problem applies to the integration of NEHAPs with the Agenda 21 and 
JPoI processes. In daily practice the areas of environment and health, including their 
social and economic dimensions, remain separate fields of policy decision-making. 
 
Finally, more commitment and control on the implementation of these plans might 
significantly enhance the credibility of these most valuable instruments of policy-
making. 
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Summary 
 
This paper describes international policy developments in the WHO European 
Region over the last five years, to promote the integration of health concerns into 
transportation and land use policies. It presents an overview of the evidence about 
the main effects that transport has on health, and summarizes the main objectives 
and policy directions set out in the Charter on Transport, Environment and Health 
(adopted in 1999 at the Third Ministerial Conference on Environment and Health). It 
also describes the political process that led to the development, jointly with the 
United Nations Economic Commission for Europe - UNECE - of the Transport, 
Health and Environment Pan European Programme - THE PEP - (adopted in 2002 at 
the Second High-level Meeting on Transport, Environment and Health), and 
presents the policy directions to achieve transport patterns that are sustainable for 
health and the environment. Finally, the paper presents examples of actions that 
have been triggered by the Charter and THE PEP. 
 
 
1. Introduction 
 
Present transportation patterns raise concerns about the environmental sustainability 
of on-going trends, e.g. with respect to objectives related to the reduction of 
emissions of green-house gases from the transport sector, or the achievement of 
compliance with air quality standards (EEA, 2002). Increasingly, transport trends are 
posing questions also about the toll in terms of health effects – and their related costs 
– that societies are called to pay for the benefit of enjoying the convenience of 
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transportation systems, which are largely based on road transport, both for 
passengers and freight transportation.  
 
When at the end of the 1990s the World Health Organization (WHO) started its 
work in the area of transport, health and the environment, the picture of the health 
impacts of transport had started to reveal its complexities. Next to ‘historical’ and in 
a way ‘familiar’ effects, such as those caused by road traffic accidents and air 
pollution, new ones started to emerge, such as those related to noise, physical 
inactivity, and psychosocial effects and social inequalities. 
 
The development of a more comprehensive understanding of the health effects of 
transport paints a picture, where the impacts of transport activities for the WHO 
European Region can be summarized as follows (WHO, 2000). 

• Approximately 120,000 people die every year and more than 2.5 million are 
injured as a result of road traffic collisions. 

• The number of people who die prematurely as a result of their exposure to air 
pollutants (using particulate matter PM10/PM2.5 as an indicator) is in the order of 
100,000 per year (WHO, 2001). 

• Road traffic has become the most important source of exposure to noise in the 
urban environment. 

• The attributable fraction of mortality from physical inactivity is estimated to 
range between 5 and 10 per cent of the total mortality in the European Region 
(WHO, 2002a). This is equivalent to a few hundred thousand deaths per year, 
considering that the number of deaths in the Region is approximately 10 
million. The increasing substitution of trips that could be done on foot or by 
bicycle and are now done by motorized means is a major contributor to the 
increasing prevalence of sedentary lifestyle among the European population. 

 
The above effects are unequally distributed across the European Region, with the 
eastern part bearing a comparatively higher disease burden than the western one, 
owing to a rapidly increasing motorization that is not accompanied by technological 
improvements and adequate policy settings. For example, a recent assessment on air 
pollution in the Newly Independent States (NIS) indicated that annual mean values 
of total suspended particles (TSP) ranging from 100 to 400 micrograms per cubic 
meter are quite common in bigger cities of the NIS, where transport is held 
responsible for up to 75 per cent of the total emission of selected pollutants, and is 
solely responsible for air toxins like benzo(a)pyrene and soot (WHO, 2002b). In 
addition, average mortality rates from road traffic accidents are double in the NIS 
compared to Nordic countries: i.e. Denmark, Finland, Iceland, Norway and Sweden-
(WHO, Health for All Data base, 2002). 
 
When economic valuations are applied to some of these impacts, the costs of the so-
called ‘external’ effects of transport (i.e. those effects that fall on society rather than 
on those who originate them), are estimated in the order of 10 per cent of the GDP 
of western European countries (INFRAS and IWW, 2000), i.e. the same order of 
magnitude of the estimated contribution of the transport sector to the growth of the 
economy. 
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The analysis of the effects of transport on health pointed also at important 
limitations in the way these issues had been addressed by policy makers, often 
separately from each other. Only in recent years have there been signs of change, 
such as those obtained when consideration of health impacts was given in cost-
benefit analyses of transport infrastructures carried out in Norway. In this study, the 
costs and benefits of further developing infrastructures for cyclists and pedestrians in 
three different cities were calculated, including some health effects resulting from 
expected increases in physical activity, in addition to more ‘traditional’ variables. 
Results indicated large net cost-benefit ratios for the three cities considered, 
providing a solid argument to the economic soundness of investing in infrastructures 
for cyclists and pedestrians (Saelensminde, 2002). 
 
 
2. The Charter on Transport, Environment and Health 
 
The notion that transport-related activities are responsible for a significant share of 
the burden of ill health in the Region has contributed to raising awareness of the 
importance of the issue and catalysed political support to mitigate and prevent these 
negative environmental and health effects. The negotiation of the ‘Charter on 
Transport, Environment and Health‘ (WHO, 1999), which was adopted at the Third 
Ministerial Conference on Environment and Health (London, 16-18 June 1999), 
brought together representatives of ministries of transport, environment and health, 
along with inter-governmental and non-governmental organizations. 
 
The Charter aims at placing health considerations (along with environmental ones) 
firmly on the agenda of transport policy makers. It contains health targets for 
reducing injuries, air and noise pollution and increasing opportunities for physical 
exercise through walking, cycling and use of public transport; principles for 
‘transport sustainable for health and the environment’; and a plan of action for its 
implementation. The Plan of action contains commitments for Member States and 
requests for supportive actions from WHO and other international organizations on 
the following aspects: 
 

a. Integration of environment and health requirements and targets in transport 
and land use policies and plans 

b. Promotion of modes of transport and land use planning which have the best 
public health impacts 

c. Health and environmental impact assessments 
d. Economic aspects of transport, environment and health 
e. Special care of groups at higher risk 
f. Risks to public health not yet clearly quantified 
g. Indicators and monitoring 
h. Pilot actions and research 
i. Public participation, public awareness, information 
j. Countries in transition and countries with severe problems concerning 

transport-related health effects 
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The Charter also established a steering group of Member States, inter-governmental 
organizations and non-government organizations to facilitate its implementation. 
 
 
3. From the Charter on Transport, Health and the Environment to the 

Transport, Health and Environment Pan-European Programme (THE 
PEP) 

 
An important aspect of the implementation of the Charter was related to the 
promotion of enhanced co-operation between WHO and other intergovernmental 
bodies active in the fields of transport and environment, in particular the United 
Nations Economic Commission for Europe (UNECE). More specifically, the Charter 
called on WHO and UNECE to:  
 

Provide an overview of relevant existing agreements and legal 
instruments, with a view to improving and harmonizing their 
implementation and further developing them as needed. 

 
In line with this mandate, WHO and UNECE directed their efforts towards the 
development of an overview of instruments relevant to transport, environment and 
health and recommendations for further steps, whose conclusions were discussed at 
the First High-Level Meeting on Transport, Environment and Health (Geneva, 4 
May 2001). The overview recommended, inter alia, starting negotiations for a 
framework convention on transport, environment and health, focusing on the 
integration of the transport, environment and health sectors, and on transport-related 
environment and health problems in urban areas (UNECE and WHO, 2001). 
 
The First High-Level Meeting decided that further preparatory work was necessary 
to be able to decide whether to start negotiations for a framework convention, and 
that such a decision would be taken at the Second High-Level Meeting (5 July 
2002). 
 
Following the decisions taken at the first High-level Meeting on Transport, 
Environment and Health, a Joint WHO/UNECE Ad Hoc Expert Group on Transport, 
Environment and Health was established to carry out the additional background 
work. 
 
The Second High-level Meeting on Transport, Environment and Health decided to 
streamline and consolidate the activities undertaken at the national and international 
levels under the auspices of UNECE and WHO under a single new non-legally 
binding policy framework: the Transport, Health and Environment Pan-European 
Programme (THE PEP) (UNECE and WHO 2002a). The Meeting decided also that 
negotiations towards a framework convention on transport, environment and health, 
to guide the direction of international policy actions to integrate policies in the three 
sectors, seemed to be premature and could be re-examined at the next High-level 
Meeting, taking place not later than 2007, in the light of progress of THE PEP. 
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THE PEP aims at making progress towards the achievement of transport patterns 
that are sustainable for health and the environment by focusing work at the pan-
European level on those priorities where further work of the international 
community is most needed and could make the biggest impact, namely: integration 
of environmental and health aspects into transport policies and decisions; shift of the 
demand for transport towards more sustainable mobility; urban transport issues. 
Special attention will be paid to the needs of the NIS and south-eastern European 
countries as well as to areas that are particularly sensitive from an environmental 
point of view. THE PEP has also been launched at the World Summit on Sustainable 
Development as one of the type II partnerships for health and sustainable 
development (UNECE and WHO, 2002b). 
 
The implementation of THE PEP is overseen by a steering committee of 
representatives of Member States, Inter-governmental organizations and non-
governmental organizations. WHO and UNECE provide secretariat functions to the 
steering committee. 
 
 
4. Examples of actions triggered by the Charter and THE PEP 
 
The momentum created by the Charter, and more recently by THE PEP, prompted 
action on several fronts, encompassing international policy developments, effects on 
national approaches and organizational settings, and progress on methods and 
research for health impact assessment, including the development (presently 
underway) of guidelines for carrying out health impact assessments of transportation 
policies and of their health effects through changed levels of walking and cycling. 
 
In addition, the analysis of transport-related health and environment issues produced 
by WHO and UNECE inspired the development of a European Parliament resolution 
on transport and health, calling for ‘a stronger integration of health considerations 
into transport policies, including carrying out health impact assessment of major 
transport projects’ as well as for actions promoting walking and cycling (European 
Parliament, 2002). 
 
Importantly, the Charter and THE PEP have been highly effective in mobilizing the 
interest of some European countries towards supporting further developments in the 
methods and tools for carrying out economic valuations of transport-related health 
effects, and improving the estimates of the external costs of transport, by taking 
better into account the impacts of air pollution, noise, lack of physical activity, as 
well as psycho-social effects. This work represents the extension of a landmark 
study performed in Switzerland, Austria and France as background to the Charter, 
which shed new light on the cost of transport-related health effects of air pollution 
(Künzli et al., 2000). The study, which involved also the Netherlands, Sweden and 
Malta, reviewed the state of the art with respect to methods for assessing the 
exposures, effects and costs of transport-related health impacts; and identified 
research gaps and recommended next steps in research and policy action, to inform 
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also the development of the Children’s Environment and Health Action Plan for 
Europe, adopted at the Fourth Ministerial Conference on Environment and Health, 
held in Budapest in 2004. 
 
Other actions that are being proposed for implementation during the period 2003-
2005 and whose endorsement was sought from the first meeting of THE PEP 
steering committee (Geneva, 10-11 April 2003) include the establishment of a web-
based clearing house on transport, environment and health; the elaboration and 
implementation of urban plans for transport sustainable for health and the 
environment, and the establishment of a set of indicators to monitor the integration 
of environmental and health aspects into transport policies and the impact of these 
policies on health and the environment. 
 
 
5. Conclusions 
 
Both the Charter and THE PEP are non-legally binding policy instruments, and as 
such are limited in their implementation by the lack of adequately strong 
enforcement tools and allocation of resources for implementation at the international 
and national level, and by competition with other (legally-binding) international 
processes, such as the integration of the European Union acquis into national policies by 
new EU member States. In spite of these important limitations, they are contributing 
to making progress at the pan-European level on several aspects of the integration of 
health and environmental concerns into transport policies. 
 
In particular, THE PEP is now providing a discussion platform that is co-owned by 
the three involved sectors, places, transport, health and environment on an equal 
footing, and involves relevant inter-governmental organizations and non-
governmental organizations. In addition, the set of actions proposed for THE PEP 
implementation has the potential of promoting cross-sectoral integration of policies, 
and of creating opportunities for the exchange of experiences, the dissemination of 
state-of-the-art knowledge, capacity building, networking and the forging of new 
partnerships across the European Region. The web-based clearing house on 
transport, environment and health is particularly helpful for the achievement of these 
objectives. Also the development of a set of indicators to monitor the integration of 
environmental and health aspects into transport policies and the impact of these 
policies on health and the environment would help Member States to better assess 
their performance towards the achievement of transport sustainable for health and 
the environment and to direct their efforts to areas where more progress needs to be 
made. 
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Summary 
 
The country report aims at outlining briefly the state and the specific environmental 
and health impacts of transport in Bulgaria. Environmental impacts of the main 
branches of transport in a group of 98 people are ranked and the greatest weight of 
impact is attributed to road transport. In the last decade the trend of increase in the 
total number of vehicles is established together with a reduction of total emissions 
and emissions produced by transport. Specific economic development linked with 
the period of transition along with the limitations connected with the international 
obligations undertaken by the country for the reduction of emissions are seen as a 
reason for explanation. The health status of the Bulgarian population is depicted. 
Morbidity rate expressed by the visits to medical centers shows a prevailing 
contribution of the respiratory diseases, followed by cardiovascular and nervous 
disorders. Cancer rate in Bulgaria shows an alarming trend of continuous increase 
during the last decade. Cardiovascular diseases are the first cause of death with a 
commitment of 66.6 per cent, followed by cancer (13.8 per cent) and respiratory 
diseases.  
 
No evidence is found concerning the size of effects to be quantified in relation to the 
air pollutants of transport. Two case studies are described: Impact of mobility on the 
environmental health in Sofia and the correlation between noise and respiratory 
diseases in Sofia. 
 
 
1. Introduction 
 
The invasion of up-to-date road, air, rail and water transport during the past century 
caused unpredictable environmental and health impacts. The short-sighted approach 
to the environmental impact of transport has created a lot of natural, cultural and 
human health damage. Road transport is one of the main generators of air and noise 
pollution and accidents. Air toxins from motor vehicles along with industrial air 
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pollutants affect millions of people. The problem is more severe for the developing 
countries and for countries under transition such as Bulgaria. Careful study and 
extensive systematic research of the state of travelling in each country is necessary 
in order to avoid damage in the future. 
 
The main aim of this report is to outline briefly the state and the specific 
environmental and health impacts of transport in Bulgaria. 
 
Some main outlines for Bulgaria, which will give a clearer basis for the problem 
under discussion, are the following (BSRB, 2001, 2002). The territory of the country 
is 110,912 km2 and the population 7,974,050. The density of population is 71.9 
people/km2. The average life expectancy is 68.1 years for males and 75.3 for 
females, which is 6 years less than the average in the EU. The number of people 
over 60 years is 22.4 per cent. 
 
 
2. The transport sector in Bulgaria 
 
2.1. Water transport 
 
Water transport in Bulgaria is under continued development. The two main seaports 
are in Varna and Bourgas. At present the country possesses 110 sea cargo vessels 
with a capacity of over 1.8 million register tons. Predominantly sea transport is for 
bulk cargoes like ore, coal, chemicals and agricultural products, wooden materials 
and petrol. The only inland water transport is in Danube River along the boundary 
with Romania. Several small ports are situated along the Bulgarian bank. At present 
the country has 37 cargo ships and 260 platforms.  
 
2.2. Air transport 
 
Air transport is relatively negligible for the country. The main airport is in Sofia and 
two small civil airports are situated near Varna and Bourgas. There are also several 
military airports. Sofia airport is situated in the city itself.   
 
2.3. Railway transport 
 
Nowadays the total length of railway track in Bulgaria is 6,607 km, mostly 
electrified. A quarter of the lines are double. Though railway transport has second 
place in Bulgarian transport the level of mechanization, speed and safety are still not 
satisfactory. 
 
2.4. Road transport 
 
Road transportation is the leading mode of transport for people and goods in 
Bulgaria. The total length of Bulgarian roads is 36,535 km including 250 km of 
highways. Road transport is giving rise to the main environmental health problems. 
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3. Environmental impact of transport in Bulgaria 
 
3.1. Environmental impact of transport as perceived by the people 
 
The environmental impact of transport is continuously increasing and during the last 
decade became a significant problem. In order to select the main environmental 
impacts of different types of transport in Bulgaria a questionnaire investigation was 
performed by us among different categories (age, education, professions, sex, etc.) 
of 98 people. The people gave their opinion by ranking the environmental impacts of 
different types of transport and different indicators using a scale of ten grades. Using 
the methodology developed by Stoyanov (1993) the evaluated average grades are 
given in Table 24. The estimated concordance coefficient wc = 0.68 of the group 
opinion is proved by the rank correlation methods (Kendall, 1957) with a level of 
significance α =  0.05. It is noticeable that according the public opinion the highest 
environmental impact grade is given to road transport (level nine). The highest 
grades among the pollution indicators of automotive transport are given to air 
pollution (grade nine), noise (grade eight) and car accidents (grade eight). This is the 
reason why we focus our attention in the present report mainly on the environmental 
impact of road transport. 
 

Table 24. Grade of environmental impact of different kinds of transport (10 grade scale). 
 

Grade of impact  

Total Noise Air 
pollution 

Water 
pollution Accidents Solid 

waste 
Landscape 
destruction

Terrain 
occupation

Road transport 9 8 9 2 8 1 5 2 
Air transport 4 9 4 2 2 3 2 3 
Railway transport 4 4 2 2 1 2 5 3 
Water transport 3 2 1 5 1 4 1 1 
 
 
3.2. Environmental impact of air transport 
 
Bulgarian civil airports are situated in Sofia, Varna, Bourgas and Plovdiv. The 
average number of take offs and landings per twenty four hours in Bulgarian civil 
airports is given in Table 25. 
 
Table 25. Average number of take offs and landings per twenty four hours in Bulgarian civil 
airports. 

 
Airport Winter time 

From 30.10 to 30.03 
Summer time 

From 30.03 to 30.10 
Sofia 100 - 105 115 - 120 
Varna 2 - 3 40 - 45 
Bourgas 2 - 3 40 - 45 
Plovdiv 1 - 2 10 - 12 

Source: Ministry of Transport and Communications, 2003, unpublished data. 
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The principal Bulgarian airport is Sofia airport which is situated in the town. The 
main environmental problem is concerned with noise pollution (Petkov, 2001). 
About 61,564 citizens of Sofia are exposed to average noise pollution above the 
norms (60 - 80 dBA, by day, summer time). The total number of Sofia citizens is 
about 1.18 million. The plan is to move the runway to an eastern direction and to 
change the aircraft park (EPMS, 2000a). After the reconstruction of Sofia airport the 
forecast about the number of Sofia citizens exposed to noise above the daily norm 
will be less than 1,000 people in 2008 and 4,400 people during the day and 2,600 at 
night in 2018. Expectations are that the noise impact will be reduced by at least ten 
times.  
 
3.3. Environmental impact of railway transport 
 
The main environmental impacts of railway transport in Bulgaria are given in Table 
26. Having in mind that for one km of railway between 3000 to 5000 m3 broken 
stones are necessary, the estimated destruction of natural resources is about 26 mil. 
m3 stones for the total length of 6600 km of Bulgarian railway tracks. If the average 
width of the railway is 10 m, the agricultural land losses are about 66 km2. 
 

Table 26. Environmental impact of railway transport. 
 

No Environmental impact  Kind of pollution Impact  
1. Landscape and cultural 

heritage changes 
- Landscape changes * Biodiversity impact 

* Social impact 
 

2. Agricultural land 
destruction 
 
 

- Decreasing the agricultural 
land 

* Biodiversity impact 
* Economical impact 
* Social impact 

3. Soil pollution - Ferrous dust 
- Lubricating oils 
- Pesticides/herbicides 
- Dissipation of goods (coal, 
ore, oil products, etc.) 
 

* Health impact 

4. Water pollution - Washing the wagons and 
engines 
- WC 
- Chemicals removing grass 
 

* Health impact 

5. Noise  
 

- Noise * Health impact 

6. Fires - Dust 
- Air pollutants 
- Landscape damages  

* Air pollution 
* Health impact 
* Biodiversity impact 
* Economic impact 
 

7. Risk creation - Tunnels, bridges, supporting 
walls, crossings, rails 

* Health impact 
* Increased risk  
 

8. Destruction of natural 
resources  

- Natural equilibrium  * Biodiversity impact 
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The negative environmental impact of railway transport can be significantly reduced 
if the following actions are performed (Tashev and Petkov, 2001): 

 1) change the cast iron brakes with synthetic or composite materials; 
 2) change the diesel fuel with castor fuel; 
 3) change lubricating oil with chlorine-free motor oils; 
 4) build anti-noise walls (plantations, banks); 
 5) use noise-free gears; 
 6) use pesticides/herbicides only selectively.  

 
3.4. Environmental impact of water transport 
 
The environmental impact of water transport concerns mainly water pollution (grade 
five). The pollution of the Black Sea and the Danube River is a significant 
international problem. Some international programs and regulations exist in order to 
reduce the fast growth of pollution and damage including these caused by water 
transport. 
 
3.5.  Environmental impact of road transport 
 
3.5.1. National fleet of motor vehicles 
 
The national car park by 01 January 2002 and the new registered cars in 2001 are 
given in Table 27. 
 

Table 27. National fleet of motor vehicles 
 

 Total Motorcycles Personal 
cars 

Lorries Buses Others 

Registered by 
01.01.2002 

3.373.857 
100% 

526.046 
15.59% 

2.085.730 
61.82% 

312.050 
9.25% 

42.870 
1.27% 

407.162 
12.07% 

New registered in 
2001 

138.741 
100% 

3.725 
2.68% 

117.333 
84.57% 

13.488 
9.72% 

1.307 
0.94% 

2.888 
2.09% 

Source: Annual Report for Control of Automobile Transport, Ministry of Internal Affairs 
(2002) 
 
Distribution of motor vehicles in Bulgaria (except motorcycles and others) in respect 
of the car age is shown in Figure 35. The majority of car age is over twenty years, 
which is the worst indicator for the environmental impact of road transport. The 
variety of different makes of cars in Bulgaria is also very big. 
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Figure 35. Car age in Bulgaria (2001). 
 

Source: Annual Report for Control of Automobile Transport, Ministry of Internal Affairs 
(2002). 
 
3.5.2. Car accidents 
 
As is shown in Table 24 car accidents are ranked with grade eight. The mortality 
rate in car accidents based on data from the Ministry of Internal Affairs (MIA) is 
given in Figure 36. The tendency is for reduction, but still the rate is very high. The 
number of people killed in car accidents per month expressed as an average for 
thirteen years (1990 to 2002) is shown in Figure 37. It is obvious that the summer 
months are the most dangerous ones. 
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Figure 36. Mortality rate by car accidents. 
 

Source: Annual Report for Control of Automobile Transport, Ministry of Internal Affairs 
(2002). 
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Figure 37. Average number of people killed in car accidents for thirteen years (1990 to 2002) 
per month. 

 
Source: Annual Report for Control of Automobile Transport, Ministry of Internal Affairs 
(2002). 
 
3.5.3.  Road transport emissions 
 
Pollutant emissions into the atmosphere of Bulgaria are given in Table 28. 
 

Table 28. Total emissions into the atmosphere of Bulgaria. 
 

Year SO2 
kt/year 

NO2 
kt/year 

NMVOC 
kt/year 

CO 
kt/year 

Cd 
t/year 

Pb 
t/year 

PAH 
t/year 

Diox.+ 
Fur. 

g/year 
1994 1.482.4 325.2 432.6 1031.6 - - -  
1995 1.477.0 265.0 351.0 832.0 - - 521.43 456.00 
1996 1.420.4 259.0 309.1 623.0 - - 487.51 340.91 
1997 1.359.8 224.7 281.6 517.8 14.23 231.34 364.35 309.48 
1998 1.251.0 223.6 295.7 678.3 14.87 250.78 384.02 288.43 
1999 961.6 228.6 282.9 640.7 13.57 223.51 286.00 245.28 
2000 982.0 185.3 287.9 706.3 10.99 213.36 118.08 232.53 

Source: State of Environment in Republic of Bulgaria, Annual Bulletins for 1998, 1999 and 
2000, MoEW. 
 
Transport emissions in Bulgaria are estimated on the basis of fuel consumption. 
Correct estimate is made up to 1999. The large number of newly-created companies 
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trading in fuels after 1999 still creates difficulties in the correct statistical 
information concerning the amount of fuels sold. 
 

Table 29. Number of registered cars and transport vehicle emissions in Bulgaria 
 

Emissions, kt 
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1990 2.322.152 658.2 26.6 79.2 136.6 29.3 371.9 14.6 199.2 
1991 2.404.799 414.9 30.9 49.1 68.8 32.7 219.6 13.8 - 
1992 2.504.991 466.0 26.5 58.0 68.5 26.9 256.6 11.5 - 
1993 2.645.964 526.0 25.5 66.7 86.9 24.6 311.7 10.6 - 
1994 2.762.062 488.8 22.1 66.2 66.3 22.8 306.2 9.9 - 
1995 2.847.608 576.3 24.1 76.0 86.6 23.4 356.1 10.1 153.3 
1996 2.925.735 510.1 25.4 64.7 83.2 25.2 299.9 11.7 135.9 
1997 2.961.221 318.7 23.3 43.0 59.2 24.0 159.6 9.6 86.3 
1998 3.045.626 441.1 31.4 55.5 59.7 34.5 246.2 13.8 109.3 
1999 3.162.560 424.0 34.2 44.6 52.6 38.9 238.1 15.6 98.5 

* Pb emissions are expressed in tons. 
Source: BSRB, 2001, 2002; Green book, MoEW, 1999. 
 
Trends in road transport emissions of the main pollutants for the period 1990 to 
1999 are given in Table 29. Reduction of pollution is caused by decreasing of total 
consumption of fuels by the transport sector and increase of unleaded gasoline 
consumption. For example the fuel burned by automobile transport in 1998 is 798.9 
kt. It is reduced down to 783.7 kt in 1999. The portion of unleaded fuel for 1999 is 
148.9 kt compared to 138.0 kt for 1998. 
 
The national annual transport emissions in kt for the main pollutants CO and NOx 
are shown in Table 29 for the period from 1990 to 1999. They are divided into two 
parts - emissions from road transport and from other types of transport (air, water, 
real and supporting). The increased emissions from the other types of transport are 
due to the increased consumption of diesel fuel - from 689.5 kt for 1998 to 777.5 kt 
for 1999. 
 
Another most commonly generated urban pollutant is ozone, which is produced in 
the atmosphere as a result of photochemical processes. At national level ozone is 
controlled at fourteen monitoring sites with automatic stations. Ten of them are 
situated in cities. Exceeding of norms is established mainly in the cities with a 
highly developed industry of nitrogen fertilizers. In the town of Sofia for the period 
1994 - 2000 exceeding of the maximum allowable concentrations (MAC) is reported 
only twice - in August 1994 and in October 1999. In spite of that Regulation No 
8/1999 on the limit values for ozone in the ambient air revised MAC and increased 
8h average from 100 µg/m3 to 110 µg/m3 and 1h average - from 160 µg/m3 to 180 
µg/m3. 

.
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The transport sector is a significant source of generation of greenhouse gases and 
especially CO2. The trends in the total CO2 emissions for Bulgaria and particularly 
from transport, are given in Figure 38. A promising tendency of decrease is noticed.  
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Figure 38. Total CO2 emissions and CO2 emissions from transport. 
 

Source: Project for National Action Plan for Climate Change in Bulgaria, 1999. 
 
The main reasons for the bad environmental characteristics of Bulgarian transport 
are: physical aging of the motor fleet, flaying stock, rail motor stock, ships etc.; 
usage of non suitable fuels; bad road conditions; bad driving culture; non 
observation of legislative measures.  
 
 
4.  Health effects from the environmental impact of transport 
 
Health status concerning selected diseases, is given in Table 30 for people over 
eighteen and in Table 31 for children under eighteen. 
 
In both age groups in the period studied there is no evidence of an increase in the 
total number of visits to medical centers. Children visited doctors twice more often 
than adults. Comparison shows that respiratory diseases prevail, followed by 
cardiovascular and nervous system diseases. In the group of children airway and 
lung function incidents are three times more frequent - 67.2 per cent of the total 
visits in 2000 - are due to respiratory problems, compared to those of adults with 
22.0 per cent of visits. 
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Table 30. Registered diseases by selected types per 1000 people over eighteen in Bulgaria 
according to visits to medical centres. 
 

Year Total Cancer Immune 
system 

Blood and 
blood 

forming 
organs 

Nervous 
system 

Cardio -
vascular 

Respiratory 
system 

1994 1051.3 9.7 20.6 2.2 166.6 113.0 268.0 
1995 1052.9 9.8 21.4 2.1 164.8 114.5 272.8 
1996 1172.5 11.3 25.3 2.4 176.9 134.6 313.8 
1997 1075.7 11.2 26.0 2.8 160.6 137.1 280.1 
1998 1035.6 11.4 26.6 3.6 158.6 157.4 228.4 
1999 1081.7 11.4 27.7 3.6 156.8 161.4 245.6 
2000 1048.6 11.4 27.7 3.6 158.7 160.2 231.2 

Source: Health Handbook, NSI, 1995 – 2001. 
 
Table 31. Registered diseases by selected types per 1000 children under 18 in Bulgaria 
according to the visits in medical centers. 
 

Year Total Cancer Immune 
system 

Blood and 
blood 

forming 
organs 

Nervous 
system 

Cardio -
vascular 

Respiratory 

1994 2.349.1 1.9 5.7 2.6 174.2 9.9 1.626.4 
1995 2.396.0 1.9 5.6 2.5 168.3 9.3 1.698.6 
1996 2.068.0 1.6 6.4 2.3 132.0 7.5 1.458.4 
1997 2.319.7 2.6 7.6 2.7 150.0 13.0 1.621.6 
1998 2.382.6 3.2 8.6 3.5 157.7 19.6 1.605.3 
1999 2.516.4 3.1 8.8 3.4 158.5 18.7 1.599.0 
2000 2.498.0 3.4 9.2 3.8 166.7 18.5 1.679.4 

Source: Health Handbook, NSI, 1995 – 2001. 
 
Mortality rate in Bulgaria attributed to selected diseases is shown in Table 32. 

 
Table 32. Mortality rate in Bulgaria per 100.000 people from all age groups. 

 
Year Mortality rate 
 Total Cancer Cardiovascular diseases Respiratory diseases 
1990 1 245.7 173.6 766.6 74.0 
1995 1 364.1 191.9 867.6 62.8 
2000 1 408.6 187.8 933.8 55.1 

Source: Health Handbook, NSI, 1995 – 2001 
 
Cardiovascular diseases are the first cause of death with a commitment of 66.6 per 
cent, followed by cancer (13.8 per cent) and respiratory diseases. Total mortality and 
cardiovascular mortality rates in the period have a tendency to increase, while 
mortality due to respiratory diseases has dropped. Mortality rate of children in 
Bulgaria is 14/1000 - for towns and 18/100 - for villages which is twice higher than 
in the EU. 
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During the last decade the cancer rates of total registered cases per 100,000 people 
show alarming trends of continuous increase (see Figure 39). 
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Figure 39. Cancer rate for 100.000 people in Bulgaria and in Sofia. 

 
Source: Health Handbook, NSI, 1995 – 2001. 

 
The size of effects could not be quantified in relation to the air pollutants of 
transport, but having in mind the main releases from the vehicles and their known 
effects, correlation could be suspected. Various other factors such as genetic 
inheritance, social and economic factors, including style of life, environmental 
pollutants from industry etc. can also be attributed to the disease etiology. According 
to the Ministry of Health (Annual Report, 2002) the main causes of illnesses in 
Bulgaria are: bad social and economic conditions - 40 per cent; environmental 
impact - 30 per cent, genetic inheritance - 20 per cent and lack of medical assistance 
- 10 per cent. 
 
 
5. Mobility and environmental health in Sofia (Case Study) 
 
5.1. General information 
 
Sofia is the capital of Bulgaria. Its population is approximately 1.2 million people. It 
is an industrialized city with heavy traffic. According to the National Environmental 
Strategy for 2001 – 2006, special attention is necessary to be paid to traffic 
emissions. For Sofia road traffic is one of the leading problems. 
 
Motor vehicles registered in Sofia by 31 December 2000 (Sofia in Numbers, 2001) 
are presented in Table 33. 
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Table 33. Motor vehicles registered in Sofia by 31 December 2000. 
 

Type of the vehicles With gasoline 
(no) 

With diesel fuel 
(no) 

Passenger cars 419 974 22 995 
Trucks  26 161 20 278 
Buses 1 692 3 396 
Total: 447 827 46 669 

Source: Sofia in Numbers, 2000. 
 
Trend of increase in the number of passenger cars is established. In the beginning of 
1999 it numbered 427,060 (Baynova, 2002). The number of cars per 1000 people in 
2000 was 406.4, which means one car per 2.6 citizens of the city, or on average one 
car per family. This is the same as the average in EU cities. The expected increase in 
the number of cars by 2005 is foreseen not to exceed 460,000 – 498,000. 
 
Total number of bus lines maintained by the Municipality of Sofia has enhanced 
from 68 in 1998 to 76 in 2000 (Georgiev and Manolov, 1999). The total route length 
in 2000 was 836 km. There is evidence of an increase in the number of buses by 
2005 of 1.1 - 2.0 per cent. 
 
5.2.  Air pollution  
 
There are three main sources of air pollution in cities: industry, motor vehicles and 
burning of fuels for power generation and heating. Air pollution caused by urban 
transport is inherently linked to the increased use of motor vehicles. Car exhaust 
contains NOx, CO, CO2, volatile organic compounds (VOC), particles and lead. 
 
Total emissions formed in Sofia are shown in Table 34. It is evident that a slight 
increase in emissions is recorded in 1996 with a decrease afterwards. The same trend 
is maintained during the years 2000 and 2001. This is the result of the international 
obligations for the reduction of emissions taken by the governments in Götheborg 
(1989) and Kyoto, (1997). 
 

Table 34. Total emissions in Sofia. 
 

Year Emissions, kt 
 NOx CO Pb* SO2 Particles 
1994 16.58 112.31 32.46 16.43 71.85 
1995 17.58 123.75 35.19 16.73 75.75 
1996 19.09 138.57 43.92 20.78 76.21 
1997 19.04 126.97 31.64 16.95 73.36 
1998 18.98 117.65 33.20 17.14 63.84 

* Pb emissions are expressed in tons. 
Source: EPMS, 2000a.  
 
Sofia is one of the biggest territorial emitters of hazardous gases into the atmosphere 
in comparison to most of the other cities. This concerns mainly nitrogen oxides - 
about 8.8 per cent from the total emissions in the country come from Sofia, non 
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methane volatile compounds (NMVOC) - about 11.1 per cent from the total, carbon 
oxide - about 29.6 per cent and particles - 39.5 per cent (data for 1998). In spite of 
the fact that industry has been in crises, industrial emissions predominate, compared 
to those of transport. As an exception, emissions from the transport of nitrogen 
oxides (from 48 to 52 per cent), carbon oxide (from 39 per cent to 45 per cent) and 
lead droplets (from 46 to 55 per cent) are comparable to the industrial emissions. 
 
According to the information supplied by the Municipality of Sofia, road transport 
emissions rose continuously in the period 1994 - 1998 (see Table 35). 

 
Table 35. Road transport emissions in Sofia. 

 
Year Emissions, kt 
 NOx CO Pb* SO2 Particles 
1994 8.06 44.1 14.9 0.71 0.70 
1995 9.11 49.9 16.8 0.80 0.79 
1996 9.37 51.3 17.3 0.82 0.81 
1997 9.48 51.9 17.5 0.83 0.82 
1998 9.79 53.6 18.0 0.86 0.85 

* Pb emissions are expressed in tons. 
Source: EPMS, 2000a.  
 
In addition traffic emissions of polycyclic aromatic hydrocarbons (PAH) in Sofia in 
1998 composed 12 per cent of the total PAH emissions for the country, dioxins – 9.6 
per cent and polychlorinated biphenyls (PCBs) – 98.6 per cent or a total of 9108 g. 
 
Emissions are determined as a result of model investigations, cited in the 
Environmental Program of the Municipality of Sofia, (EPMS, 2000a). According to 
these data transport is the main source of pollution of the ground layer of the streets 
in the central part of the city, which are burdened by heavy traffic. In their vicinities 
a lot of dwellings, children’s gardens, schools and health centers are situated. 
 
5.3.  Review on the environmental health investigations for Sofia 
 
Health status investigation of the population of Sofia, published in the 
Environmental Program of the Municipality of Sofia, (EPMS, 2000b) has found a 
correlation between six pollutants (particulate, sulfur dioxide, nitrogen oxide, 
hydrogen sulfide, phenol and lead droplets) and respiratory diseases, including acute 
infections of the upper airways, acute bronchitis, chronic pharyngitis, pneumonia, 
chronic bronchitis and asthma. Pollutants are expressed for 1998 with their mean 
annual concentrations in the ambient air in twenty one geographic areas of the town. 
Respiratory disease rates per 100,000 persons are included for the same sites and the 
same year. A total correlation matrix between the single parameters is calculated and 
the significant correlation factors are determined. Significant correlation (α = 0.05) 
is established between: 

- Respiratory diseases and sulfur dioxide; 
- Chronic pharyngitis and phenol plus sulfur dioxide; 
- Chronic bronchitis and particulates; 
- Acute bronchitis and phenol. 
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Cross-sectional study on the influence of all pollutants on the respiratory diseases 
and asthma, carried out by using regression analysis, showed that sulfur dioxide, 
hydrogen sulfide and lead are the most significant factors (EPMS, 2000b). 
Consequently, the correlation studies based on data from Sofia confirmed that all the 
pollutants investigated could be considered very important for the respiratory system 
and five of them come from transport. 
 
The link between the ambient air pollution, including the pollutant mix routinely 
measured by the National System for Monitoring and the morbidity rate of the 
population of Sofia, is studied for the period 1983 -1985 (Nikiforov et al., 1999). 
Morbidity is reported by the cases of visits to medical centers of the population in 
three age groups (less then one, one to fifteen and over fifteen). Six districts of the 
town are compared. The authors established higher degree and frequency of the 
respiratory problems in the industrial and the central districts with a higher severity 
of traffic pollution. 
 
A study was carried out in 2001 by two scientific panels from the National Center of 
Hygiene and the Sofia Institute of Hygiene and Epidemiology for the establishment 
the compliance with the requirements of Ordinance No 9/1999 for the limit values of 
SO2, NO2, PM10 and lead in the ambient air and their concentrations in two sites in 
the central part of the city with heavy traffic (Nikiforov, 2001). The authors found 
that due to heavy traffic the mean annual pollutant concentrations at both sites 
exceed from three to six times the norms. They established as well a trend for the 
reduction of NO2 concentrations in 2000 and 2001 as a result of the reorganization 
of public transport and the improvement of pavements. 
 
A study on the influence of air pollutants on the health of the population in the big 
cities (Sofia, Varna) showed that they enhance the morbidity rate of respiratory 
diseases, bronchial asthma, skin diseases, organs of sense, blood forming organs, 
cardiovascular morbidity and reproductivity (Nikiforov, 2000). The most sensitive 
members of the population are children. Two types of districts are defined in Sofia 
where children’s morbidity rate is higher: 
 

* Five districts in the center of Sofia with severe traffic: Vazrajdane, Oborishte, 
Sredec, Triaditca, Garata; 

* Eight industrial regions - Iana, Kremikovci, Serdika, Nadejda, Poduene, 
Iskar, Novi Iskar and Vrabnitca. 
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Figure 40. Cancer rate of different types per 100.000 children. 
Source: Health Handbook, NSI, 1995 – 2001. 

 
Cancer rates of different types (per 100,000 children under eighteen) are 
demonstrated in Figure 40. Trends of increase in the period are depicted. Slight 
picks are formed for cancer rates of lymph and blood-forming organs. The relative 
risk of cancer (RR) for the population of Sofia for the period 1995-2000, related to 
the relative risk of cancer (accepted as 1.00) of the population of Bulgaria in the 
same period is shown in Table 36. 

 
Table 36. RR for the population of Sofia. 
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1.05 0.99  0.83 0.31 0.21 0.63 0.48 0.78 
Data from the table show that for the period studied the RR of cancer for the people 
of all ages in Sofia exceeds a little the RR of the country (RR = 1.05). In spite of the 
increasing trends of cancer for children shown in Figure 40, in general the relative 
risk of cancer for children in Sofia is much smaller, even for the most risky types: 
brain and thyroid cancer and cancer of lymph and blood-forming organs. This 
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exception could be explained by the fact that there are some industrial towns with 
specific very polluting industries, which impose higher relative risk of cancer for the 
population living around and especially for children, exceeding the prevalent risk in 
the rest of the country. As an example, the towns of Bourgas with the biggest oil 
refinery in Bulgaria and production of petrochemicals, Plovdiv – with metallurgical 
plant for production of nonferrous metals, as well Varna and Russe – with 
complexes of chemical industries could be shown.  

 
According to the National Environmental Strategy for 2001 - 2006 and 
Environmental Program of the Municipality of Sofia, mitigation measures for the 
reduction of transport emissions are under development. They are listed below: 

* Legislation measures are accepted for limitation emissions of VOC during 
storage, loading or unloading and transport of petroleum and diesel fuel 
(Regulation No 16, 1999) and for the norms for content of sulfur, lead and 
other compounds, hazardous for the environment (Regulation No 17, 1999); 

* Production and use of ethylated petroleum, containing lead should be stopped 
by the end of 2003;  

* Process of replacement of diesel engines type Euro-1 by more environmental 
friendly engines Euro-2 is carried out; 

* Replacement of the old buses by new is in process; 
* By the year of 2000 the first part of a subway is in operation and the second 

part is under construction; 
* To prevent import of old cars (more than five years old) from Europe from 

the beginning of 2003 import taxes for old cars are increased; 
* Harmonization with EU standards for control of emissions from car engines; 
* To strengthen requirements about registration, annual technical inspection, 

licensing the technical and emission control bodies (Regulation No 32, 1999 
and Regulation No 33, 1999 of the Ministry of Transport); 

* Enlargement of the pedestrian zone in the center of the town; 
* Reduction of congestion by the construction of underground parking.  

 
 
6.  Correlation between noise and respiratory diseases in Sofia (Case Study) 
 
The noise generated by cars and lorries is estimated to be one of the most annoying 
impacts of the road transport (grade eight, Table 24). In the present case study we 
are trying to compare the urban noise level in different regions in Sofia and 
respiratory diseases. 
 
Sofia is one of the noisiest towns in Europe. According to the investigations of the 
European Environmental Agency 47 per cent of the people in Sofia are subjected to 
70 dBA noise. Forty-nine monitoring sites are situated in different regions in the 
city. In six of them over 60 dBA of noise are measured constantly. The results 
observed during the last seven years are relatively stable (Chuchkova and 
Simeonova, 2001). Two main streets are with the highest level of noise (blvd. 
“Tzarigradsko shose” -75.6 dBA and “Slivnitca” blvd. – 73.8 dBA). 
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To reduce the impact of noise caused by transport, the Municipality should take 
abatement measures including: building barriers and “green walls”, organizing “one 
way” streets and optimizing traffic lights, changing the window and door types, 
construction of building design, etc. 
 
The main difficulty to assess the impact of transport on human health is how to 
select and to prove the claim that some diseases are caused by the impact of 
transport. 
 
On the basis of average level of noise during three years in the non-industrial 
districts of Sofia and the respiratory system morbidity rates (see Table 37) the 
coefficients of linear correlation R are estimated. The correlation graph is given in 
Figure 41.  
 
All correlation coefficients are significant with a level of significance α  = 0.05, 
except for noise and morbidity in 1997, which is significant for α = 0.10.   
 
The respiratory system diseases could be caused by the integrated impact of 
transport emissions and other reasons. The noise in the non-industrial districts 
shown in Table 37 is mostly caused by transport. It is clear that level of noise and 
traffic intensity are directly connected. If the level of noise is high, the level of 
pollutant emissions will also be high, since the pollutant emissions are proportional 
to traffic intensity. Hence, the correlation between noise level and air pollution and 
further – the respiratory diseases is to be expected. It is confirmed by the positive 
and significant linear correlation coefficients.  
 
Additionally, noise also affects human health directly.  
 
Table 37. Average annual noise level and respiratory system morbidity rate per 100,000 
people for 1994, 1997 and 1998 in different districts of Sofia. 
 

No District of Sofia Average noise per year in 
dBA 

Respiratory system morbidity 
rate 

 Year 1994 1997 1998 1994 1997 1998 
1. Sredec 70.1 70.9 71.6 62.33 69.68 47.48 
2. Krasno selo 67.7 65.0 66.9 31.34 36.57 31.65 
3. Vazrajdane 66.2 67.5 70.5 53.55 58.16 53.82 
5. Serdika 71.4 73.8 72.3 65.82 48.27 47.61 
6. Poduene 65.8 66.4 68.0 79.98 123.46 91.61 
7. Slatina 60.8 59.2 59.9 48.33 47.28 39.99 
8. Izgrev 63.5 68.7 70.7 55.78 67.23 56.38 
9. Lozenec 64.5 52.4 64.8 71.58 45.17 40.17 
10. Triaditca 69.8 68.4 69.8 50.53 70.29 57.70 
13. Nadejda 60.4 63.0 62.6 56.84 94.31 70.26 
15. Mladost 59.4 60.1 65.7 52.15 59.06 55.16 
18. Ovcha kupel 54.3 51.6 53.8 183.48 126.80 114.84 
19. Lulin 62.1 65.8 66.2 71.51 80.74 69.28 
* Total    48.60 70.82 61.08 

Source: EPMS, 2000.  
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R = + 0.598 
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Figure 41. Linear correlation between noise and number of respiratory diseases per 100,000 
people in Sofia for the years 1994, 1997 and 1998. 
 
 
 
Conclusion 
 
In the period investigated, Bulgaria changed its political and economic system. The 
economic stress accompanying transition, along with many other things, reflected on 
the motor vehicle fleet of the country. The number of cars increased because of the 
import of cheap second-hand cars from Europe, which were used together with the 
ten – fifteen year-old socialist cars. In spite of the increase in the number of cars, 
their physical aging as well as use of low grade fuels, bad road conditions, bad 
driving culture and lack of respect for legislative measures, in the period general 
trends of reduction of the total emissions into the air were observed, including 
emissions from transport. Explanation of this fact is connected with the reduction in 
industrial activity, bankruptcy of many factories and abstention from driving. 
 
Some positive trends are established. The Bulgarian government accepted the 
international obligations from Kyoto for reduction of greenhouse emissions. The 
process of harmonization of the Bulgarian legislation with EU law occurs, entailing 
increased consumption of unleaded petroleum, increased control on emissions from 
car engines, better technical inspection etc. 
 
No evidence was established in the period for the increase of the total visits to 
medical centers, both for adults and children. It was observed that respiratory 
diseases prevail, followed by cardiovascular and nervous system diseases. Cancer 
rates in Bulgaria show alarming trends of continuous increase during the last decade. 
Cardiovascular diseases are the first cause of death with about 66 per cent 
commitment in the last few years. The size of effects could not be quantified in 
relation to the air pollutants of transport, but correlation could be suspected. 
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Two case studies on the environmental health of the people of Sofia are involved. 
Review on the environmental health status investigations showed correlation 
between emissions and noise and health. In spite of the increasing trends of cancer 
for children in the capital, it is established that for them the RR of cancer is lower, 
even for the most risky types. The fact is explained by the stronger impact on the 
health of specific industrial pollutants in selected areas of the country. 
 
The linear correlation coefficients between urban noise and respiratory diseases in 
Sofia are significant with a level of significance α = 0.05. The results show that the 
respiratory system morbidity is mainly caused by the impact of the emissions of 
street transport, the intensity of which is indirectly expressed by noise. Additionally 
noise also affects human health directly. 
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Summary 
 
This report focuses on the main health and environment aspects related to mobility. 
The study area, Flanders, with almost 6 million inhabitants and on average 440 
persons per square kilometer, is one of the most densely populated regions in 
Europe. Traffic and transport affect the environment by largely contributing to the 
global air pollution. Traffic emissions significantly contribute to environmental 
problems such as acidification, photochemical air pollution and greenhouse effect. 
Traffic and transport also cause adverse health effects influencing the quality of life 
of the population. The health effects of traffic originate from three important 
categories: accidents, air pollution and noise pollution. Each year traffic accidents in 
Flanders cause about 900 deaths, 7,000 seriously injured and 39,000 slightly injured 
people. This report mainly focuses on the categories of air and noise pollution. The 
health impact of the air emissions in terms of lung impairments and diseases (heart 
diseases, cancer and mental disorders) is very important. The current levels of 
benzene and benzo(a)pyrene in ambient air are responsible for an extra 43 cancer 
patients per year. The current ozone concentrations are responsible for 900 extra 
deaths, about 800 hospital admissions, 1 million asthma attacks and 24 million 
symptom days a year. At least 1,095 extra deaths could be attributed to the current 
PM10 concentrations. Lifetime exposure to current PM10 concentrations would result 
in the loss of one healthy life year per person. Apart from air pollution, motor 
vehicles also cause significant noise pollution. This not only affects the quality of 
life, but also health by causing sleep disturbance, irritation and concentration 
problems among others. In the long run, noise may result in hearing impairment and 
cardiovascular diseases. The potential number of noise-induced awakenings from 
road and railway traffic in Flanders amounted to 2,129,000 a night in 1998. Air 
traffic badly affected the sleep and health quality of at least 26,400 people in 2001. 
In 1998, 951,000 Flemish inhabitants or 16.1 per cent were potentially seriously 
affected by the high noise levels from road traffic. In addition, about 80,000 people 
or 1.2 per cent experienced serious nuisance from railway traffic. About 1,800,000 
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Flemish inhabitants or 30 per cent are exposed to noise levels exceeding 65 dB in 
2001, which may result in health effects such as increased blood pressure and 
cardiovascular diseases.  
 
1. Introduction 
 
In Belgium there are three Regions: the Flemish Region, the Brussels-Capital 
Region and the Walloon Region. This report focuses on the Flemish region, also 
called Flanders, as the study area. As Flanders is the most densely populated region 
of Belgium the traffic effects are most visible. Flanders, with a population of 
5,952,552 inhabitants and a surface area of 13,522 km2, is located in the north of 
Belgium. The traffic network is very dense with a road network of 67,884 km (849 
km motorways, 5,400 km regional roads, 635 km provincial roads and 61,000 km 
local roads), a railway network of 1,718 km and a navigable waterway network of 
1076 km. These figures indicate that Flanders has the most dense motorway and 
railway network of Europe: 62 m motorway/km2 (European average: 15 m/km2) and 
127 m railway/km2 (European average: 47 m/km2). The total road density is 5020 
m/km2 and the waterway density 80 m/km2. The car fleet contains 3,328,657 motor 
vehicles (cars, buses, lorries and motorcycles), with a very large share of diesel cars 
(43.8 per cent) (VMM, 2002a). 
 
The traffic and transport sector in Flanders causes an important pressure on health 
and environment. The main traffic pollutants are: 

• Inorganic gases : sulphur dioxide (SO2), nitrogen oxides (NOx), carbon 
oxides (COx), nitrous oxide (N2O) and ammonia (NH3).  

• Volatile organic compounds (VOC) : benzene, toluene, xylenes etc.  
• Polycyclic aromatic hydrocarbons (PAH) such as benzo(a)pyrene 
• Heavy metals : lead, copper, etc. 
• Particulate matter (PM). 

 
The emission of the traffic pollutants results in environmental problems such as 
acidification (NOx, SO2, NH3) photochemical air pollution (NOx, VOC) and 
greenhouse effects (CO2, CH4, N2O).  
 
Health effects are caused directly through accidents resulting in injuries and possibly 
impairments and disabilities. In the year 2000 about 47,000 people were injured in 
traffic accidents in Flanders. Of these 47,000 traffic victims 900 died, 7,000 got 
seriously injured and 39,000 slightly injured. With 13.6 deaths/100,000 inhabitants 
in 1999 Flanders shows a poor record compared to the EU-average of 11.1 
deaths/100,000 inhabitants. For 2000 the record is even worse: 14.7 deaths/100,000 
inhabitants (BIVV, 2000). Indirect health effects are caused by air and noise 
pollution.  
 
This country report mainly focuses on the environmental and health effects resulting 
from air and noise pollution. 
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This pollution is a threat to, in particular, vulnerable population groups such as 
pregnant women, elderly people, people with respiratory or heart diseases, children 
and people exposed to high concentrations in their professional environment.  
 
The health effects of the different traffic pollutants, the concentration levels and 
health impact in Flanders and the various guidelines are summarised in the 
appendix.  
 
 
2. Mobility and environmental issues 
 
2.1. CO2 emissions (contribution to greenhouse effect) 
 
The main greenhouse gases are CO2 (83 per cent), CH4 (8 per cent) and N2O (8 per 
cent). The emission of greenhouse gases in Flanders increased from more than 83 
Mtonnes CO2-equivalents in 1990 to almost 93 Mtonnes in 2001. This is an increase 
of 11.4 per cent. This increase is almost completely due to the increased CO2 
emissions (+13 per cent during the period 1990-2001). The traffic and transport 
sector (+3.6 Mtonnes CO2-eq) is largely responsible for the higher emissions of 
greenhouse gases in the period 1990-2001. The contribution of traffic and transport 
to the total CO2 emissions rose from 17.3 per cent in 1990 to 19.3 per cent in 2001. 
The contribution of traffic and transport to the total N2O emissions also increased 
from 2.3 per cent to 6.1 per cent as a result of the increase in the number of catalytic 
converters. Anticipating the Kyoto-protocol, Flanders decided to stabilize the CO2 
emissions at the 1990 level by 2005 (short-term objective). However, the emission 
of greenhouse gases by traffic continues to increase and the evolution is parallel with 
the evolution of the number of personkilometers (VMM, 2002a).  The greenhouse 
gases have no direct impact on health. 
 
2.2. SO2 and NOx emissions and contribution to acidification 
 
Emissions of sulphur and nitrogen compounds cause acidification. Sulphur oxides 
are mainly emitted by diesel traffic, incinerators and industry. Nitrogen oxides 
originate from traffic and other combustion processes. Ammonia is released by 
agriculture. Deposition of these compounds damages ecosystems, corrodes materials 
and erodes buildings (VMM, 2002a).  
 
The total amount of acidifying emissions in Flanders decreased by 36 per cent to 
10,945 million acid equivalents in 2001 from 17,071 million acid equivalents in 
1990. This is mainly due to the decrease of SO2 emissions. The NO2 emissions are 
just below the 1990 level. Since 1998, NO2 has become the most important 
component of the acidifying emissions, replacing SO2.  
 
The contribution of the traffic and transport sector to the total of acidifying 
emissions slightly decreased by 1 per cent between 1990 and 2001, mainly as a 
result of measures to decrease the SO2 emissions. The emissions of acidifying 
pollutants by passenger cars in 2000 are for the first time lower than in 1990. In 
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2001 there is also a large decrease for freight transport but the emissions are still 
higher than in 1990 (VMM, 2002a).  
 
The NOx emissions from traffic and transport amount to 90 ktonnes in 2001 (VMM, 
2002a). Road traffic is the main source of NOx in Flanders, emitting about 52 per 
cent of the total NOx emissions in 2000 (VMM, 2002b). The EU-limit value for NO2 
(200 µg/m3) wasn’t exceeded in any of the 38 stations of the permanent monitoring 
network in 2001 (VMM, 2002b). The highest annual average NO2 concentration, 
measured in Antwerp and Borgerhout, was 48 µg/m3 in 2001. The annual averages 
were slightly higher than in 2000 (VMM, 2002b).  
 
The contribution of traffic and transport to the emission of sulphur dioxides is 2 per 
cent in 2000 (VMM, 2002b). The SO2 emissions from traffic and transport amount 
to 3,272 tonnes in 2001, same as in 2000. By limiting the sulphur content in petrol 
and diesel, as a consequence of Phase 1 of the European directive 98/70/EEC the 
SO2 emissions substantially decreased in 2000. Phase 2 will result in a further 
decrease of the sulphur content by 2005 (VMM, 2002a). Because of the decrease of 
SO2 emissions in Belgium as well as in the neighbouring countries during the last 
decade, there were no winter smog episodes with high air pollution of SO2 during 
the period 2000-2001. The EU-limit values for SO2 (80 µg/m3 (50 percentile) and 
250 µg/m3 (98 percentile) as median of the daily mean values taken throughout the 
year) weren’t exceeded in any of the measuring stations in Flanders during the 
period 2001-2002. The highest P50 and P98-values were respectively 23 µg/m3 and 
95 µg/m3 and were measured in the Antwerp region. The guideline value for the 
annual average SO2 concentrations (40 µg/m3) wasn’t exceeded either. The highest 
annual average was 29 µg/m3 (VMM, 2002b).    
 
The total acidifying deposition decreased by 22.3 per cent in Flanders from on 
average 5,928 acid equivalents/ha.y in 1990 to 4,605 acid equivalents/ha.y in 2001. 
The values, however, greatly vary within Flanders. The highest values are reported 
in the proximity of (large) cities, major traffic routes and in agricultural areas with 
intensive stock breeding. 45.4 per cent of the total acidifying deposition in 2001 has 
its origin in emission sources from outside Flanders. The contribution within the 
region comes from agriculture (28.9 per cent), traffic and transport (9.9 per cent), 
industry (6.8 per cent) and the energy sector (4.4 per cent). The emissions by high 
chimneys decreased much more than the emissions by low sources (e.g. traffic and 
transport). Emissions by low sources are transported over shorter distances and lead 
more easily to depositions in the country of origin (VMM, 2002a). 
 
2.3. Contribution to ground-level ozone 
 
At ground level, ozone is a secondary pollutant because it is produced in a 
complicated chemical reaction initiated by sunlight and not emitted directly into the 
atmosphere. The contribution of traffic to ground-level ozone is most important 
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since the main precursors, nitrogen oxides and volatile organic compounds, are 
emitted by motor vehicles in large amounts. In Flanders, the number of days with 
ozone excesses continues to increase, as well as the background values of ozone. 
The evolution of the number of days with a maximum 8-hourly value higher than 
120 µg/m3 has kept increasing slightly since 1993 (VMM, 2002a).  
 
In 2001 there were 38 days on which the EU-threshold value for the protection of 
human health (110 µg/m3) was exceeded. In 2000 this figure was 23 days. The 
number of ozone days (days with ozone concentrations > 180 µg/m3) almost doubled 
from 6 days in 2000 to 11 days in 2001. The highest ozone concentration in 2001 
was 250 µg/m3. Trends are difficult to interpret because ozone concentrations are 
largely influenced by weather conditions and in particular by the amount of sunshine 
in spring and summer (VMM, 2001; VMM, 2002b).  
 
The emissions of ozone precursors by passenger cars were for the first time in 1999 
lower than in 1990. In 2001 there was also a large decrease for freight transport as 
compared to the year before but the emissions are still higher than in 1990 (VMM, 
2002a).  
 
2.4 Contribution to ambient carcinogens 
 
Volatile organic compounds (VOC) and polycyclic aromatic hydrocarbons (PAH) 
entail some important carcinogenic traffic pollutants. VOC are compounds with 
benzene as a basic element and polycyclic aromatic hydrocarbons are organic 
compounds composed of 2 or more benzene rings.  
 
Road traffic and petrol stations are responsible for 32 per cent of the total NMVOC 
(non-methane VOC) emissions in 2001 (VMM, 2002b). The most important 
compound is benzene, emitted up to 87.6 per cent by the traffic and transport sector 
in 2001. Petrol stations are responsible for an additional 8.6 per cent. The NMVOC 
emissions of the traffic sector were 14 per cent lower in 2001 than in 1990 and 8 per 
cent lower in 2001 than in 2000. In 2001 the NMVOC-emissions from traffic and 
transport amounted to 51 ktonnes (VMM 2002a).  
 
The contribution of the traffic and transport sector to the total of PAH emissions is 
21.5 per cent in 2001. The contribution of road construction is almost negligible 
since 1995 because tar asphalt is not used anymore (VMM, 2002a). 
 
VOC emissions show a gradual decrease in Flanders. Between 1990 and 2001 the 
average benzene concentration in Flanders decreased from 3.9 µg/m3 to 1.0 µg/m3. 
In 2001 the concentrations were similar to those of 2000 (VMM, 2002a; VMM, 
2002b). The decrease of NMVOC and benzene emissions by traffic and transport are 
the result of the larger share of diesel cars within the car fleet and the 
implementation of the AUTO-OIL program. This programme enforces traffic 
emission limits on a European level, determines the volatility and the maximum 
content of aromatics and benzene in petrol and enforces the use of catalytic 
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converters. The VOC emissions from petrol stations will be further reduced by the 
introduction of the vapour recovery system promoted by the European regulations 
and BAT (VMM, 2001; VMM, 2002a).  
  
The highest benzene concentrations are observed in urban areas with high traffic 
intensity. The highest annual average benzene concentration in one of the measuring 
stations in 2001 was 2.0 µg/m3 (VMM, 2002b). The benzene concentrations in 
ambient air are already considerably lower than the medium-term objective of 5 
µg/m3 (VMM, 2002a).  
 
High personal exposure is mainly due to exposure during traffic. For instance, 
concentrations of more than 3,000 µg/m3 have been measured during filling up. 
Busy crossings (100 µg/m3 and more) and car-parks (68.2 µg/m3) are also 
characterized by higher benzene concentrations (Neumeier, 1993). Benzene is also 
shown to accumulate indoors posing specific problems to indoor air pollution 
(VITO, 1999). 
 
Benzo(a)pyrene (BaP) is best known for its toxicity and dispersion and acts as PAH-
indicator. In cities or in the proximity of industrial activities the BaP concentrations 
can rise to values between 10 ng/m3 and 20 µg/m3 (VMM, 1998). The short-term 
objective (2002) of 1 ng BaP/m3 was already achieved in 1997. In 2001 the 
measurements vary between 0.23 and 0.89 ng/m3 (measuring of small volumes) and 
between 0.38 and 0.54 ng/m3 (measuring of large volumes) (VMM, 2002a). The 
decreasing trend in PAH-emissions stopped in 2001 (VMM, 2002b).  
 
Dioxins are also known carcinogens. The share of the traffic and transport sector in 
the total emissions is rather limited (0.6 per cent) (VMM, 2001).  
 
2.5. Noise 
 
Noise pollution is problematic in areas that combine a high population density with 
a dense road network, which is the case in Flanders. Traffic is the main source of 
noise pollution (56 per cent) in Flanders, as well as indoor, outdoor and in the 
workplace. Road traffic is responsible for 3/4 of the nuisance and air traffic for 1/4. 
The contribution by rail traffic is minimal (1.2 per cent). The affected area is still 
growing as a consequence of the widespread ribbon building in Flanders. It is 
expected that, if no particular measures are taken, the noise pollution will further 
increase because, at first, motor vehicles will not be spectacularly more silent in the 
near future and, secondly, the car fleet still increases. Noise is known to have a 
negative impact on the quality of life in particular in the cities (VMM, 1998; VMM, 
2002a).  
 
The number of people potentially seriously affected by sound is an adequate 
indicator of noise impact (VMM, 2002a). In 1996 road traffic was responsible for 
exposing more than 50 per cent of the population to noise levels above 55 dB(A) and 
approximately 27 per cent to noise levels above 65 dB(A), a level at which serious 
disturbance occurs (Duchamps et al., 1997). In 2001, road traffic exposed 30 per 
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cent of the general population to noise levels above 65 dB(A) during daytime. This 
percentage is much higher than the EU average (13-20 per cent). The increase in 
traffic intensity resulted in an increase of the noise level by 1 dB between 1996 and 
2001, although this increase in noise level was partly compensated by an average 
decrease in noise emissions by individual vehicles. The proportionally stronger 
growth of traffic intensity, but especially the growing share of lorries on busy roads, 
explains the increase in the number of people exposed to noise levels above 65 
dB(A) (VMM, 2002a). To protect the majority of the population from serious 
nuisance during daytime the noise level should not exceed 55 dB(A) according to 
the WHO. For moderate nuisance the figure is 50 dB(A). At night 45 dB(A) should 
not be exceeded, with a maximum noise level of 30 dB(A) in the bedroom, to avoid 
sleep disturbance (WHO, 1999). The ambition of the Flemish policy for the period 
2003-2007 is 0 per cent exposure to road traffic noise above 65 dB(A) by 2020 
(VMM, 2002a). 
 
The number of people exposed to noise levels above 60 dB(A) from air traffic 
decreased significantly from 1999 to 2000 because of the introduction of less noisy 
airplanes. This evolution was accelerated through the limitation of the accepted 
quota per night flight. In 2001, the number of affected people continues to decrease 
because of the further introduction of less noisy airplanes and the decrease in the 
number of flights due to the general malaise in the air traffic sector, including the 
bankruptcy of the national air company SABENA and 11 September 2001 (VMM, 
2002a). However, the concentration of night flights over the North of Brussels has 
caused a high level of disturbance to the people living in this area. This forced 
politicians to decide on a more dispersed distribution of night flights above Brussels. 
This decision will negatively affect the decreasing trend in the number of disturbed 
people.  
 
2.6. Other problems 
 
Other important mobility-related environmental problems are waste production and 
energy use. Motor vehicles contribute to the waste problem. 266,000 passenger cars 
were put out of use during the year 2000.  It is estimated that about 183,000 cars are 
exported as second-hand cars, especially to Eastern Europe. The other 83,000, or 
about 70,500 tonnes, were removed as wrecks to a shredder to recover metals (ferro) 
and other materials (non-ferro). The share of the ferro-fraction in a car wreck is 65-70 
per cent; the share of the non-ferro-fraction is 5-10 per cent. This means that 70 to 
80 per cent of a car’s weight is recycled. The remaining 20 to 30 per cent is dumped 
or incinerated. 75 per cent of the car wrecks was reused or recycled in 2000, not yet 
reaching the objective of 80 per cent set for 2005 (VMM, 2001). In addition, tyres 
produce each year 27,000 tonnes of waste. So-called Life Cycle Impacts (the impact 
taking into account the whole life cycle of the vehicle) for certain vehicle categories 
are almost as important as the impact during use (Int Panis et al., 2001). 
 
The total energy use by traffic and transport was 209.9 PJ in 2001, an increase by 
0.7 per cent as compared to the year 2000. The average increase for the 1995-2000 
period was 2.4 per cent. The majority is used by road traffic (more than 96 per cent). 
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About half of the energy a car uses is needed during the construction phase. There is 
a close relationship between the energy use and the CO2 emissions by the 
combustion of fossil fuels (VMM, 2001). 
 
 
3. Health effects of the environmental problems 
 
3.1. Lung impairment and diseases (including asthma and fibrosis) 
 
The traffic pollutants NOx, SO2, PM10 and O3 all affect the respiratory system.  
 
Inhalation of nitrogen dioxide (NO2) may result in irritation of the bronchial tubes. 
Long-term exposure causes coughing, increased sensitivity to infections, decreased 
lung function, increased occurrence of acute respiratory illness and symptoms, 
damage to the lung tissue (at high exposure levels) and paralysis of the smooth 
muscles of the cilia in the nose and bronchial tubes. This may harm the self-cleaning 
capacity of the respiratory tract and give carcinogenic and mutagenic pollutants and 
harmful micro-organisms the possibility to penetrate without resistance (Janssens 
and Hens, 1997; Harrison, 2001; VMM, 2002b). The effects vary with the duration 
of the exposure (short-term or long-term). Effects in healthy people resulting from 
short-term exposure will only be noticed under very high NO2 concentrations 
(>1880 µg/m3). People suffering from asthma or chronic lung diseases will 
experience adverse effects on the respiratory function at lower exposure levels (1 to 
2 hour exposure to concentrations of 375 tot 565 µg/m3 NO2).  
 
Sulphur dioxide (SO2) emissions generally affect the upper bronchial tubes, causing 
irritation and constriction of the bronchi. High concentrations contribute to 
respiratory symptoms, reduced lung function, increased mucous secretion and rises 
in hospital admissions, especially among people with asthma or chronic lung 
diseases (Harrison, 2001; VMM, 2002b; Pilotto et al., 1997). The health effects are 
caused by absorption of SO2 in the mucous membranes of the nose and the upper 
bronchial tubes and by deposition of sulphate aerosols in the bronchial tubes. 
Epidemiological studies have shown that small reversible decreases in lung function 
may occur among children from 250-450 µg/m3 and an increased mortality from 
500-1000 µg/m3 (VMM, 2002b). Asthma patients have a higher risk on an asthma 
attack when exposed to SO2 during pollution episodes (Koren, 1996; EEA, 1997; 
VMM, 2002a; Harrison, 2001). Long term exposure can lead to bronchitis and lung 
emphysema (Koren, 1996; EEA, 1997).   
 
Particulate matter is one of the most important air pollutants causing adverse health 
effects. Toxic effects of particulate matter are mainly attributed to particles with an 
aerodynamic diameter of 10 µm (PM10) or smaller. These small particles can reach 
the alveoli and block the lungs. Effects are associated both with short-term exposure 
(hours, days) to high concentrations as with chronic exposure (years) to low 
concentrations. There is no safe threshold value (Dora, 1999; Schwela, 2000; 
Janssens and Hens, 1997). The health effects of PM10 range from an increased 
frequency and severity of respiratory problems to an increased risk of premature 
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death. The smaller particles penetrate deep in the lungs (VMM, 2002a). They are 
able to disturb the mucus drainage in the bronchial tubes by mechanical or toxic 
action, provoke breathing problems and increase the sensitivity to respiratory 
infections (VMM, 2000; VMM, 2002a). A short increase in PM10-concentrations is 
estimated to be responsible for 7 to 10 per cent, and even to 20 per cent in the most 
polluted cities, of all respiratory complaints among children (EEA, 1996). High 
PM10-concentrations are connected to higher respiratory mortality among elderly 
people and to asthma attacks and decreased lung function among children (VMM, 
2000). There is consistent evidence from the United States and Europe that hospital 
admissions and emergency room attendances for respiratory complaints and asthma 
are related to ambient levels of particulate matter. Studies in the United Kingdom 
indicate that a 10 µg/m3 rise in PM10 is associated with between 1.5 and 5 per cent 
increase in hospital admissions or attendances (Harrison, 2001). In Flanders, PM10-
concentrations show an increasing trend since 1999, especially in urban areas 
(VMM, 2000; VMM, 2002a). This can mainly be attributed to traffic by an increase 
in the number of motor vehicles and the greater share of diesel vehicles (VMM, 
2000). 
 
There is consistent experimental evidence that ozone has an effect on health, with 
established dose-response effects on a number of lung function parameters at 
concentrations close to those in the ambient air. Ozone is a powerful oxidizing 
agent, causing direct cellular damage by damaging the anti-oxidant mechanisms in 
cells lining the airway walls. Prolonged exposure to high doses may result in 
persistent inflammation of the bronchioles and scarring (fibrosis) of the lung tissue 
(Harrison, 2001). At lower ozone concentrations, the following health effects are 
reported: decreased lung capacity, inflammations, hypersensitivity of the bronchial 
tubes, irritation of the mucous membranes, irritation of the eyes, nose and throat, 
coughing, headache, dizziness, shortness of breath, nausea, general malaise and 
chest discomfort. The effects worsen with increasing concentrations, sensitivity of 
exposed people and with physical activity during exposure (Harrison, 2001; VMM, 
1998; Janssens and Hens, 1997; VMM, 2002b). The current ozone concentrations 
are responsible for 900 extra deaths, about 800 hospital admissions, 1 million 
asthma attacks and 24 million symptom days a year (Ministerie van de Vlaamse 
Gemeenschap, 2001). 
 
3.2. Health failure  
 
Sulphur dioxide, particulate matter and ozone show significant associations with 
deaths and hospital admissions, especially among patients with heart and lung 
diseases (Harrison, 2001; VMM, 2000; Dockerey and Pope, 1994; Pope et al., 
1995). The association between nitrogen dioxide and mortality or hospital 
admissions is weaker (Harrison, 2001). 
 
US and European studies have demonstrated consistent relationships between PM10 
and daily mortality, with - depending on the study - a 0.5 to 1 per cent rise in 
mortality for every 10 µg/m3 increase in PM10 (Harrison, 2001) (see also Table 38). 
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An extrapolation of international risk assessment results indicates that 3 additional 
people a day may die as a result of exposure of the population to the current ambient 
concentrations of particulate matter in Flanders (VMM, 1999).  
 
According to the Flemish report on the environment and nature, one healthy life year 
per person is lost at lifetime exposure to the current PM10-concentrations (VMM, 
2002b).  
 
Table 38. Dose-response coefficients from short-term ecological time series studies for PM10, 
sulphur dioxide and ozone (From Committee on the Medical Effects of Air Pollution 
‘Quantification of the Effects of Air Pollution on Health in the United Kingdom‘, London: 
Department of Health (1998)) (Harrison, 2001). 
 

Pollutant Health outcome Change per 10 µµµµg/m3 
increase in pollutant 

PM10 Deaths brought forward (all causes) + 0.75 % (24 h mean) 
 Respiratory hospital admissions + 0.8 % (24 h mean) 
Sulphur dioxide Deaths brought forward (all causes) + 0.6 % (24 h mean) 
 Respiratory hospital admissions + 0.5 % (24 h mean) 
Ozone Deaths brought forward (all causes) + 0.6 % (8 h mean) 
 Respiratory hospital admissions + 0.7 % (8 h mean) 

 
Although the estimated health effect is most impacting for particulate matter (see 
Table 38), sulphur dioxide and ozone also show significant associations with deaths 
and hospital admissions (Harrison, 2001).  
 
The WHO (2000) estimates the number of deaths in European cities due to long-
term exposure to air pollution generated by traffic to be between 36,000 and 129,000 
each year. This assumes that around 35 per cent of the deaths attributed to 
particulate matter pollution are due to traffic air pollution (WHO, 2000a). The WHO 
(2000) estimates the number of deaths in the European WHO-region due to total air 
pollution between 102,000 and 368,000 each year (WHO, 2000a). The same analysis 
also estimates that particulate matter accounts for 6,000 to 10,000 additional hospital 
admissions for respiratory diseases in European cities every year (WHO, 2000a). A 
study in Austria, France and Switzerland assessed the health impact due to air 
pollutants from traffic, to result in an estimated 40,000 deaths each year or 6 per cent 
of the total mortality. About half of all mortality caused by air pollution was 
attributed to motorised traffic, accounting also for: more than 25,000 new cases of 
chronic bronchitis (adults); more than 290,000 episodes of bronchitis (children); 
more than 0.5 million asthma attacks; and more than 16 million person-days of 
restricted activities. The study also attributes about twice as many deaths to air 
pollution than to accidents (Künzli et al., 2000). According to a report of the 
APHEIS project, nearly 3,000 premature deaths in assessed cities (or 9 premature 
deaths per 100,000 inhabitants) could be prevented annually if long-term exposure 
of particulate air pollution was reduced to the target level, set by the European 
Commission for 2005, in all 26 (European, except Tel Aviv) cities participating in 
the project (Medina et al., 2002). 
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3.3. Cancer 
 
Volatile organic compounds (VOC) and polycyclic aromatic hydrocarbons (PAH) 
are known carcinogens. The attachment of other (carcinogenic) pollutants such as 
heavy metals and volatile organic compounds to particulate matter offers an 
additional problem due to the ability to penetrate deep into the respiratory system 
(VMM, 2000).  
 
Exposure to benzene, a group 1 carcinogen, is associated with different types of 
blood cancer of the lymphatic system (Van Larebeke, 2002). There is a proven 
causal association with acute non-lymphocytic leukaemia in humans (Harrison, 
2001). The chronic toxicity of benzene is attributed to its metabolites. Most sensitive 
for benzene toxicity is the bone marrow of which the biology is suppressed with 
reductions in red cell, white cell and blood platelet production as a result (aplastic 
anaemia) (WHO, 1987; WHO, 1995; Harrison, 2001). For carcinogens there is no 
safe threshold value. With lifelong exposure, the risk of developing leukaemia at a 
benzene concentration of 1 µg/m3 is 6 per million according to the WHO (VMM, 
2001). This means that for 2001, according to the WHO risk factor, traffic causes 
almost 36 extra leukaemia patients per year in Flanders (VMM, 2001).  
 
Many of the polycyclic aromatic hydrocarbons, together with their metabolites and 
nitro-derivatives, are carcinogens. Several studies indicate that PAH cause cancer in 
almost all exposed tissues. Most data concern lung, skin and digestive system 
cancers. Most intensively studied among the PAH is benzo(a)pyrene (BaP). An 
excess of lung cancer (for example a relative risk around 1.5 in truck drivers) in 
workers exposed to high concentrations of vehicle exhausts has been demonstrated 
(Hayes et al., 1989).  Most studies show an increased relative risk between 1.5 and 
2.0 (Harrison, 2001). It has been estimated that lifetime exposure to one ng/m3 BaP 
results in 0.3 to 1.4 deaths each year per 10,000 people exposed (Harrison, 2001). 
For the BaP concentrations of 1998 in the ambient air and food, 7 respectively 0.065 
extra cancer deaths were calculated per year in Flanders (VMM, 1998). In 2001, the 
BaP concentrations were at the same level (or slightly higher, depending on the 
measurement station) as those of 1998 (VMM, 2002a). Therefore we might assume 
that the risk calculation for 1998 also applies to 2001. With regard to PAH, 
increased attention is paid to a number of secondary pollutants (pollutants formed by 
further reaction of primary pollutants e.g. nitro-PAH). These products are dangerous 
as they often show higher mutagenic and carcinogenic properties than the primary 
pollutants. An example is the presence of 3-nitrobenzanthrone, a highly carcinogenic 
compound, in the exhaust fumes of cars and ambient air (VMM, 2002b). Its effects 
on humans are currently not quantified.  
 
3.4. Haematological effects 
 
Carbon monoxide, nitrogen oxides, sulphur dioxide, lead, particulate matter, volatile 
organic compounds as benzene and noise are associated with haematological and/or 
cardiovascular effects.  
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When carbon monoxide (CO) enters the lungs it is quickly absorbed into the blood. 
Carbon monoxide exerts its toxic effect by binding avidly to haemoglobin, thereby 
reducing the oxygen-carrying capacity of the blood. At lower concentrations, as they 
result from traffic, CO affects the cerebral function, heart function and lung 
capacity, all of which are sensitive to lower blood oxygen concentrations (Harrison, 
2001). Other effects include dizziness, headache, decreased vigilance, tachycardia, 
sickness and fatigue (Harrison, 2001; Janssens and Hens, 1997). The concentration 
of the carboxyhaemoglobin (CO-Hb-complex) in the blood is a good exposure 
indicator. No health effects are observed at CO-Hb concentration levels below 2 per 
cent. Cardiac effects of carbon monoxide include changes of the electro-
physiological properties of the heart at quite low levels of carboxyhaemoglobin (5.5 
per cent) and reduction of the threshold at which cardiac arrhythmia or arrest may 
occur. The ambient CO emissions in Flanders decrease due to the use of the catalytic 
converter. Strengthened CO-standards for motor vehicles will bring CO-emissions 
down, also in the future (VMM, 2002a).  
 
NOx, SO2 and particulate matter also cause cardiovascular disorders. They combine 
with haemoglobin and consequently cause changes in the blood clotting mechanisms 
(Dockerey and Pope, 1994; Pope et al., 1995; Michelozzi et al., 2000; VMM, 2000; 
Harrison, 2001).   
 
Lead (Pb) disturbs the production of haemoglobin (Deelstra et al., 1996). This 
explains why almost all organs and organ systems can be considered potential 
targets and why a wide range of biological effects is described. These effects include 
anemia and cardiovascular (such as increased blood pressure), liver, kidney, 
endocrine and gastrointestinal effects (Koren, 1996; VMM, 2000; VMM, 2002b). 
An extensive environment and health research in Flanders showed that increased Pb-
concentrations in blood are related to decreased kidney functioning in adolescents 
and a decreased bone metabolism in adult women (Vlietinck, 2000). The increased 
use of unleaded petrol resulted in a sharp decrease in the lead emissions (VMM, 
2000). The limit value in the Flemish legislation (2 µg/m3) was not exceeded in any 
of the measuring stations in Flanders in 2001 (VMM, 2002a). 
 
Epidemiological studies show that increased blood pressure and cardiovascular 
effects are associated with long-term exposure to high noise levels (65-70 dB(A)). 
The association is stronger for ischaemic heart disease than for hypertension 
(Babisch et al., 1999; WHO, 1999; Koszarny, 2000). About 1,800,000 people are 
exposed to such high noise levels in Flanders (VMM, 2002a). 
 
Benzene mainly affects bone marrow, causing different types of white blood cell 
cancer (see 3.3.). 
 
3.5. Sleep disturbances 
 
Effects on sleep, caused by traffic noise, are measurable at background noise levels 
of about 30 dB(A). The primary effects include the following: difficulties in falling 
asleep, awakenings and alterations of sleep stages or depth, especially a reduction in 
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the proportion of the REM-sleep. Secondary effects include reduced sleep quality, 
increased fatigue, depressed mood or well-being and decreased performance (WHO, 
1999). At levels experienced by at least 20 per cent of the Europeans, both deep 
sleep – which aids physical recovery – and dream sleep – which is important for 
mental recovery – are reduced (T&E, 1997). The potential number of noise-induced 
awakenings from road and railway traffic in Flanders is 2,129,000 each night. 
Traffic on regional roads, including motorways, is responsible for 273,000 
awakenings; traffic on local roads for 1,643,000 awakenings. Railway traffic causes 
213,000 awakenings (Ministerie van de Vlaamse Gemeenschap, 2001). 
 
3.6.  Mental disorders 
 
Mental disorders and effects on the nervous system are reported after exposure to 
high noise levels, lead and volatile organic compounds (BTEX-components).  
 
Concentration problems, fatigue, uncertainty, lack of self-confidence, irritation, 
misunderstandings, decreased working capacity, problems with human relations and 
a number of stress reactions, such as frequent nervousness, have all been identified 
with high noise levels (Hecht and Maschke, 1997; WHO, 1999; Koszarny, 2000). 
Noise levels between 55 and 65 dB(A) directly interfere with auditory 
communication. This may cause annoyance, displeasure and dissatisfaction (Babisch 
et al., 1999; Koszarny, 2000; WHO, 1999). About 2,800,000 people are exposed to 
these noise levels in Flanders (Ministerie van de Vlaamse Gemeenschap, 2001). In 
noisy areas, it has been observed that there is an increased use of prescribed drugs 
such as tranquillizers and sleeping pills, and an increased frequency of psychiatric 
symptoms and mental hospital admissions (WHO, 1999).  
 
The adverse effects of lead especially influence the nervous system. Effects on the 
nervous system are reported at lower concentrations in children than in adults 
(WHO, 1987; VMM, 2000). Lead causes a continuum of effects on the nervous 
system of children, varying from cognitive deficits to mental retardation (lower IQ), 
with delayed nerve conduction and behavioural disturbances (WHO, 1987; VMM, 
2000; VMM, 2002b). Adults show pathological effects on attention, memory and 
psychomotor functions with long term exposure to low lead concentrations in blood 
(VMM, 2000). An adverse effect on psychomotor functioning among male 
adolescents has been reported in an extensive environment & health research in 
Flanders (Vlietinck, 2000).   
 
The so-called BTEX-components (benzene, toluene, ethyl benzene and xylenes) also 
negatively affect the central nervous system with, among others, depression of the 
central nervous system, decreased co-ordination, spastic movements, tremor and 
heartbeat problems after acute exposure (Low, 1988; VMM, 1996; Greenberg, 
1997). At lower concentrations following symptoms can be noticed: dizziness, 
agitation, staggering walk, irritation of the eyes, nose and/or throat, vomiting, 
stomachache and nausea (Koren, 1996). 
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Box 6. Noise nuisance from Brussels-National airport. 

 
 
History 
Brussels-National airport, located in Zaventem at 20 km from Brussels centre, is the 
largest airport in Belgium. The evolution of inhabitants exposed to high noise levels 
caused by airplanes from Brussels-National shows the following trends: the number of 
inhabitants living within the 60 dB(A) outline (people who are exposed to noise levels > 
60 dB(A)) around the airport showed a limited decrease between 1990 and 1995 from 
51,216 to 40,119. This was mainly caused by the ban on the noisiest airplanes during the 
night. From 1995 to 1999 an increase from 40,119 to 46,843 was noticed almost reaching 
the levels of 1990. This was caused by a changed distribution of aircraft movements 
across the runways and by an increase of aircraft movements (VMM, 2001). 
 
Aim 
Flanders policy handles in this context the following medium-term objective (2005-
2010): decrease the number of inhabitants in Flanders exposed to air traffic noise LAdn > 
60 dB(A) to 45,000 around the Brussels–National airport (VMM, 2002a).  
 
Importance for environmental health 
 
Considering the number of people affected by noise levels above 60 dB(A) by air traffic, 
the health impact is certainly not negligible. Many of the health effects caused by noise 
may be noticed at these noise levels. The importance of the health problem can also be 
shown by recalling the WHO guideline: ‘To protect the majority of the population from 
serious (moderate) nuisance during daytime the noise level should not exceed 55 dB(A) 
(50 dB(A)). At night 45 dB(A) should not be exceeded, with a maximum noise level of 
30 dB(A) in the bedroom, to avoid sleep disturbance‘ (WHO, 1999) 
 
Results and conclusions 
 
In response to a number of complaints by citizens living in the neighbourhood of the 
airport the Belgian federal authorities decided on measures in the framework of a global 
plan to decrease the noise nuisance from Brussels-National. The federal decision implies: 
- A gradual and programmed restriction of noise peaks at night. 
- Introduction of seasonal night quota. 
- The disappearance of military flights from 1 January 2004. 
- Modification of aviation procedures in order to direct flights over the least densely 
populated areas. 
  
These measures were meant to encourage the replacement of noisy aircraft, with the 
result that the proposed medium-term objective would be achieved by 2003 (VMM, 
2000). 
 
As shown in Table 39 the medium-term objective was already achieved in 2000. The 
decreasing trend continues in the year 2001 (VMM, 2002a). In 2001, 23,967 people were 
exposed to very high noise levels, not only causing difficulties in falling asleep, reduced 
sleep quality and awakenings, but also cardiovascular effects (increased blood pressure, 
cardiovascular diseases) (VMM, 2002a). The decrease is mainly caused by the alteration 
of the composition of the aviation fleet flying into Brussels, e.g. the replacement of 
Boeing by Airbus and by the fact that a number of large cargo airplanes stayed away 
(VMM, 2001). The shift to quieter airplanes continued in 2001 because of the decision to 
impose further restrictions and because the so-called chapter II-airplanes (the noisiest 
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airplanes) were banned from European airports from 1 April 2002 on. Moreover, the 
number of day and night flights decreased in 2001 as a consequence of the events of 11 
September 2001 and the general malaise in the air traffic sector (e.g. the bankruptcy of 
the national aircraft company SABENA) (VMM, 2002a). 
 

Table 39. Number of inhabitants in Flanders, exposed to air traffic noise within the 
LAdn= 60 dB(A) outline around Brussels-National. * The inhabitants of the Brussels 
Region aren’t included anymore since 1996.  (VMM, 2002a). 

 
Year Number of inhabitants exposed to LAdn >>>> 60 dB(A)* 
1990 51 216 
1995 40 119 
1996 40 376 
1997 41 824 
1998 46 364 
1999 46 843 
2000 28 586 
2001 23 967 

 
Complaints of the affected people, however, led to the decision for a more widespread 
distribution of the night flights above Brussels, which in turn will affect more people, 
living in the neighbourhood of the airport, in the future. 
 
 

 
4. Conclusions 
 
The emission of greenhouse gases, mainly composed of CO2, continues to increase 
with the car fleet and the number of personkilometres. The short-term policy 
objective (reaching the CO2 level of 1990 by 2005) will be most difficult to reach.  
 
Since the ozone precursors (NO2 and VOC) slightly increased again in 2001, 
additional measures will be necessary to limit the ozone concentrations in the future. 
Not only the number of days with exposure to concentration levels exceeding the 
EU-threshold value for the protection of human health increase, but also the 
background concentrations of ozone. The current ozone concentrations are 
responsible for about 900 extra deaths, 800 hospital admissions, 1 million asthma 
attacks and 24 million symptom days a year. 
 
The decrease in the VOC and PAH concentrations in ambient air came to an end in 
2001 in Flanders. This is a negative evolution in view of the carcinogenicity of these 
compounds. The benzene emissions from traffic are estimated to be responsible for 
almost 36 extra leukaemia patients per year. The current BaP concentrations in the 
ambient air cause at least 7 extra cancer deaths a year.  
 
The potential number of noise-induced awakenings from road and railway traffic in 
Flanders amounted to 2,129,000 a night in 1998. Air traffic adversely affects the 
sleep and health quality of 26,400 people in 2001. In 1998, 951,000 Flemish 
inhabitants or 16.1 per cent were potentially seriously affected by the high noise 
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levels from road traffic. In addition, about 80,000 people or 1.2 per cent experienced 
serious nuisance from railway traffic (Ministerie van de Vlaamse Gemeenschap, 
2001). These levels can result in mental health effects including annoyance, 
irritation, nervousness, concentration loss, etc. About 1,800,000 people are exposed 
to noise levels exceeding 65 dB, which may result in health effects such as increased 
blood pressure and cardiovascular diseases. These figures indicate that traffic noise 
is an important health problem. The percentage of people exposed to noise levels 
above 65 dB(A) is still increasing, up to 30 per cent in 2001.The number of people 
affected by air traffic noise (> 60 dB(A)) decreased since 2000, but remains quite 
high. The different scenarios, ‘business as usual’ scenario and ‘sustainable 
development’ scenario, developed to predict the future evolutions in noise nuisance 
both show a negative evolution with an increase in the number of people affected by 
noise (Ministerie van de Vlaamse Gemeenschap, 2001). 
 
The PM10 concentrations show again an increasing trend since 1999, especially in 
urban areas. This is also a negative evolution since PM10 is considered to be one of 
the most harmful air pollutants. It is, together with SO2, O3 and NO2, associated with 
increased hospitalisation incidence and mortality. Patients with heart and lung 
diseases are particularly vulnerable. At least 1095 extra deaths are attributed to the 
current PM10 concentrations. Lifetime exposure to current PM10 concentrations 
results in the loss of one healthy life year per person. Estimations of the respiratory 
and cardiovascular health impacts of road traffic emissions are summarised in Table 
40.  
 
Table 40. Respiratory and cardiovascular health impact of road traffic emissions for 1998 in 
Flanders, mainly due to exposure to PM10, NO2 and SO2 (ozone is not included). The results 
are expressed as the number of mortality or disease cases per year. The impacts ‘chronic 
mortality’ and ‘restricted activity’ are respectively expressed in number of lost life years and 
number of days (Ministerie van de Vlaamse Gemeenschap, 2001). 
 

 Passenger cars Lorries 
Chronic mortality 6700 lost life years 5200 lost life years 
Heart failure 180 cases 80 cases 
Bronchodilator use (adult asthmatics) 124 000 cases 96 000 cases 
Coughing (adult 
asthmatics) 

127 000 cases 99 000 cases 

Lower respiratory complaints (adult 
asthmatics) 

46 000 cases 36 000 cases 

Bronchodilator use (asthmatic children) 25 000 cases 19 000 cases 
Coughing (asthmatic children) 43 000 cases 33 000 cases 
Lower respiratory complaints (asthmatic  
children) 

33 000 cases 25 000 cases 

Chronic coughing (children) 16 000 cases 12 000 cases  
Restricted activity 758 000 days 588 000 days 
Chronic bronchitis 700 cases 600 cases 
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As long as the PM10, O3 and NO2 concentrations do not decrease significantly 
respiratory problems will remain important especially among people suffering from 
asthma or chronic lung diseases.  
 
As the health impact of particulate matter is high, the composition of the car fleet is 
very important. Diesel cars emit higher concentrations of particulate matter than 
petrol cars. The potential decrease of health impacts will be strongly reduced by the 
increasing share of diesel cars within the car fleet. If the number of diesel cars 
continues to increase the health impact will follow this trend. Especially in cities, 
where the high traffic density is responsible for high concentrations and where many 
people are exposed to these high levels, the problem is important. For Flanders the 
main problems are situated in the regions of Antwerp and Brussels. 
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Appendix 
 
Table 41. Summary of the health effects, the concentration levels in Flanders and the 
guidelines for the most important traffic pollutants (VMM, 2000; EEA, 2000; Koren, 1996; 
WHO, 2000b, VMM, 2002a; VMM, 2002b).  

 
Pollutant Health effects Concentration 

level in 
Flanders 

Health impact in 
Flanders 

Guidelines 

Benzene - Increased cancer risk: 
leukemia etc. 
- Neurological effects, 
damage to the central and 
peripheral nervous 
system 
- Haematological effects 
: anemia, damage to bone 
marrow 
- Suppression of the 
immune system 
- Chromosome 
aberrations 
- Unconsciousness 

1.0 µg/m3 
(average 
benzene 
concentration in 
2001) 

36 extra leukaemia 
patients a year 

EU 2005 :  
5 µg/m3 (year) 
(limit value) 
 
WHO:  
4.4 – 7.5 10-6 µg/m3 

(guideline value) 
 

Benzo(a)pyrene 
(BaP) 

Carcinogen 0.23 - 0.89 
ng/m3 (small 
volume 
measurements) 
and 0.38 - 0.54 
ng/m3 (large 
volume 
measurements) 
(2001) 

about 7 extra cancer 
deaths a year 

EU-WHO:  
< 1 ng/m3 

(background value)
 

Carbon 
monoxide (CO) 

- The complex carbon 
monoxide-haemoglobin 
interferes with the 
metabolism, resulting in 
deficiency of the oxygen 
transport 
- Dizziness, headache, 
decreased vigilance, 
tachycardia, sickness, 
fatigue, abnormal visual 
perception, co-ordination 
problems,  breathing 
problems, 
unconsciousness, death, 
neurobehavioural effects 
- Influence on cerebral 
and heart function 
- Foetuses : risk of lower 
birth weight, congenital 
defects or non-livability  

0.41 - 0.60 
mg/m3 (8 hours) 
(2002) 

See Table 40 WHO:  
100 mg/m3 (10 
minutes) 
60 mg/m3 (30 
minutes)  
30 mg/m3 (hour)  
10 mg/m3 (8 hours)
 
Flanders 
(VLAREM):  
30 mg/m3 (98 
percentile) (limit 
value) 
 
EU 2005:  
10 mg/m3 (8 hours) 
(limit value) 
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Table 41, continued. 

 
Pollutant Health effects Concentration 

level in 
Flanders 

Health impact in 
Flanders 

Guidelines 

Lead (Pb) - Haematological effects: 
disturbing the production 
of haemoglobin, anemia 
- decreased bone 
metabolism among 
women 
- Neurotoxical effects : 
cognitive deficits, mental 
retardation (lower IQ), 
delayed nerve 
conduction, behavioural 
disturbances, adverse 
effect on psychomotor 
functioning 
- Kidney damage; 
cardiovascular, liver, 
endocrine and 
gastrointestinal effects 
- Other: decreased 
fertility, obstructed 
development of the 
embryo 

The limit value 
for Flanders 
isn’t exceeded 
in any of the 
measuring 
stations in 2001. 
The annual 
average lead 
concentration in 
the ambient air 
was 0.5 µg/m3 
in 1996. 

 WHO :  
0.5 µg/m3 (year) 
(air) 
10 µg/l (water) 
 
EU + Flanders 
(VLAREM) :  
2 µg/m3 (limit 
value)  
 
EU 2005 :  
0.5 µg/m3 (year) 
(limit value) 

Ozone (O3) - Negative influence on 
the lung functions 
(decreased lung capacity, 
inflammations, 
hypersensitivity of the 
bronchial tubes, 
coughing, shortness of 
breath etc.)  
- Increased asthma 
symptoms 
- Irritation of the mucous 
membranes and eyes, 
nose and throat 
- Headache, dizziness, 
nausea, general malaise 
and chest discomfort 
- Increased 
hospitalisation and 
mortality 

The EU-
threshold value 
for the 
protection of 
human health 
(110 µg/m3) was 
exceeded 38 
days in 2001. In 
2001 there were 
11 ozone days 
(days with 
ozone 
concentrations > 
180 µg/m3). The 
highest ozone 
concentration in 
2001 was 250 
µg/m3. 
 

- 900 extra deaths  
- about 800 hospital 
admissions  
- 1 million asthma 
attacks 
- 24 million symptom 
days 
(all figures per year) 

WHO:  
120 µg/m3 (8 hour 
value) 
 
EU + Flanders 
(VLAREM) :  
110 µg/m3 (8 hour 
value) (threshold 
value for the 
protection of 
human health) 
180 µg/m3 
(information 
threshold) 
360 µg/m3 (alert 
threshold) 
 
EU 2010:  
120 µg/m3 (8 
hours; max. 25 
days with higher 
levels)(target  
value) 

 



P. LAMMAR AND L. HENS 

 

220

Table 41, continued. 
 

Pollutant Health effects Concentration 
level in 
Flanders 

Health impact in 
Flanders 

Guidelines 

Nitrogen dioxide 
(NO2) 

- Negative influence on 
the lung functions 
(inflammation, coughing, 
chronic lung infection, 
decreased lung function, 
paralysing impact on the 
smooth muscles of the 
cilia in the nose and 
bronchial tubes, etc.) 
- Increased asthma 
symptoms 
- Irritation of the 
respiratory system 
- Cardiovascular effects 
- Increased mortality and 
hospitalisation 

The highest 
annual average 
concentrations 
vary between 42 
and 48 µg/m3 in 
2001.The 
highest value 
for 2001 was 98 
µg/m3.  

See Table 40 WHO :  
200 µg/m3 (hour) 
40 µg/m3 (year) 
 
EU + Flanders 
(VLAREM):  
200 µg/m3 (98 
percentile) (limit 
value) 
135 µg/m3 (98 
percentile) 
(guideline value) 
 
EU 2010 :  
200 µg/m3 (hour; 
max. 18 days with 
higher levels) 
40 µg/m3 (year) 
(limit value) 

Toluene - Effects on central 
nervous system  
- Headache, fatigue 
- Eye, nose and throat 
irritation 
- Kidney damage 

Concentrations 
of toluene 
measured by 
VITO in 
ambient air: 5.0 
+ 4 µg/m3. 

 WHO:  
1 mg/m3 (30 
minutes) 
260 µg/m3 (week) 
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Table 41, continued. 
 

Pollutant Health effects Concentration 
level in 
Flanders 

Health impact in 
Flanders 

Guidelines 

Sulphur dioxide 
(SO2) 

- Negative influence on 
the lung functions 
(irritation, constriction, 
increased mucous 
secretion, breathing 
problems, coughing,  
decreased lung function) 
- Increased asthma 
symptoms 
- Irritation of the eyes 
and irritation of the 
mucous membranes of 
the nose and bronchial 
tubes 
- Respiratory disorders 
and lung diseases (e.g. 
bronchitis and lung 
emphysema) 
- Cardiovascular effects 
- Increased mortality and 
hospitalisation 

The EU-limit 
value (80 µg/m3 
(50 percentile)) 
was respected in 
all stations in 
Flanders during 
the period 2001-
2002. The 
highest P50-
value was 23 
µg/m3. The EU-
limit value (250 
µg/m3 (98 
percentile)) was 
respected in all 
stations in 
Flanders during 
2001-2002. The 
highest P98-
value was 95 
µg/m3. The 
guideline value 
for the annual 
average SO2-
concentrations 
(40 µg/m3) 
wasn’t exceeded 
neither. The 
highest annual 
average was 29 
µg/m3.    
 

See Table 40 WHO:  
500 µg/m3 (10 
minutes) 
125 µg/m3 (day) 
50 µg/m3 (year) 
 

EU + Flanders 
(VLAREM) : 
100-150 µg/m3 
(day), 
40-60 µg/m3 (year) 
(guideline values); 
250-350 µg/m3 (98 
percentile)(year), 
80-120 µg/m3 (50 
percentile) 
(depending upon 
the concentration 
of particulate 
matter) (limit 
values)  
 
EU 2005 :  
350 µg/m3 (hour; 
max. 24 days with 
higher levels) 
125 µg/m3 (day; 
max. 3 days with 
higher levels) (limit 
values) 
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Table 41, continued. 
 

Pollutant Health effects Concentration 
level in 
Flanders 

Health impact in 
Flanders 

Guidelines 

Particulate matter 
(PM10) 

- Negative influence on 
the lung functions 
(decreased lung function, 
increased sensitivity to 
respiratory infections, 
breathing problems, 
inflammation of the 
bronchial tubes etc.) 
- Increased asthma 
symptoms 
- Increased occurrence of 
chronic lung problems 
(coughing, bronchitis, 
infections)  
- Disturbance of mucus 
drainage 
- Changes relating to the 
blood clotting 
mechanisms 
- Cardiovascular effects   
- Increased mortality and 
hospitalisation  

During the 
meteorological 
year 2001-2002 
the annual 
average PM10-
concentrations 
fluctuated 
between 28 and 
42 µg/m3. 

- at least 1095 extra 
deaths a year (different 
calculations indicate 
between 1051 and 
2101 extra deaths) 
- one healthy life year 
a person is lost at 
lifetime  exposure 
 
see also Table 40 

EU + Flanders 
(VLAREM) :  
100-150 µg/m3 
(day),  
40-60 µg/m3 (year) 
(guideline values); 
250 µg/m3 (98 
percentile) (year),  
80 µg/m3 (50 
percentile) (year) 
(limit values) 
 
EU 2005 :  
50 µg/m3 (day; 
max. 35 days with 
higher levels) 
40 µg/m3 (year) 
(limit values) 
 
EU 2010 :  
50 µg/m3 (day; 
max. 7 days higher)
20 µg/m3 (year) 
(limit values) 

Noise - Mental health effects 
(annoyance, displeasure, 
dissatisfaction, 
concentration loss, stress, 
fatigue, repeated 
nervousness and 
irritation) 
- sleep disturbance 
- Increased risk on 
hearing loss and/or 
damage 
- Increased blood 
pressure, cardiovascular 
effects 
- Low birth weight 

In 2001 
approximately 
30% of the 
general 
population is 
exposed to noise 
levels above 65 
dB(A) (road 
traffic). 

- 2,129,000 potential 
awakenings a night 
(road + railway traffic)  
- 951,000 people 
potentially seriously 
affected by road traffic 
and 80,000 people with 
serious nuisance from 
railway traffic (mental 
health effects such as 
annoyance, irritation, 
concentration loss etc.) 
- 1,800,000 people are 
exposed to noise levels 
from road traffic 
exceeding 65 dB, 
which may result in 
health effects such as 
increased blood 
pressure and 
cardiovascular diseases 
- air traffic badly 
affects the sleep and 
health quality of 
26,400 people  
 

Guideline values in 
residential areas in 
the ambient air : 
 
Flanders 
(VLAREM):  
45 dB(A) (day), 40 
dB(A) (evening), 
35 dB(A) (night) 
 
WHO :  
50 dB(A) 
(moderate 
nuisance) (day), 55 
dB(A) (serious 
nuisance) (day), 45 
dB(A) (night) 
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Summary 
 
Austria is a small country in the centre of the European continent with several 
important routes crossing the alps from North to South and at least one historically 
important route from East to West along the Danube river. The Austrian economy 
for centuries made use of this situation with a long history in freight transport and in 
tourism also. So motorised mobility has been at the core of Austrian self esteem and 
prosperity. 
 
On the other hand the small alpine valleys leave little space for dwelling, agriculture 
and industry. Many living areas are situated near major roads and exposure towards 
noise and air pollutants is considerably high. Also the tourism industry and 
agriculture have recognised the values of a “clean” environment. Therefore there is a 
strong and long-lasting debate between interest groups that call for more and better 
roads and those opposing them.  
 
Many measures have been implemented on various levels ranging from mobility 
plans of single enterprises and local cycling networks to national regulations 
(Austria was among the first countries in Europe to introduce unleaded petrol and 
the catalytic converter) but a scientific evaluation of most of the measures at local or 
regional level is still lacking. In spite of the success in reducing the emissions per 
vehicle-kilometre in the last years the increase in the number especially of diesel-
driven light duty vehicles reversed the previously downward trend in air pollution 
exposure in several densely populated areas. Therefore nitrogen oxides and fine 
particles are among the key environmental problems in Austria. 
 
 
 

 © 2005 Springer. Printed in the Netherlands. 
Mobility, 223-237. 
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1. Introduction 
 
The attitudes of the Austrians towards motorised mobility are very controversial. 
Maybe this is due to the historical and geographical features of the country. Between 
the wars the construction of new roads was seen as a token of independence of the 
small country and therefore very much supported by the Austrian fascist 
government. Car use was then restricted to a small elite only and the roads designed 
in those times were not planned for broader public use but for the entertainment of 
this elite and for tourists because tourism already then was considered financially 
important. Thus mountain roads like the “Großglockner Hochalpenstraße“ were built 
in those times. 
 
New roads were in fashion at the time with highways being constructed in Britain 
and the United States, but in Italy and Germany as well. The German Nazi Regime 
propagated the construction of new roads as a solution to the unemployment of the 
recession years. But motorization especially of the agricultural sector also had the 
goal to free labour forces for the army. The idea of a “Volkswagen“ (i.e. a car for 
every citizen / family) was part of the regime’s propaganda but this goal was not 
achieved while in contrast the Ford company in the States at the same time was 
successful in this target.  
 
After the 2nd World War the reconstruction of the infrastructure was a necessity and 
included new roads as well (some of which had already been planned during the 
German occupation). Nevertheless society succeeded in promoting the feeling that 
free mobility for everybody was part of the new democratic and western way of life. 
It was generally considered that new and better roads would provide increasing 
opportunities for industry, tourism, and also for individuals.  
 
Surprisingly the first groups to oppose new roads and especially local bypasses 
(which were greatly welcomed by the inhabitants of the villages) were the local inn 
keepers and shop owners who feared to their customers (which with the building of 
large out of town shopping centres in the end proved true). Environmental concerns 
were only raised many years later (beginning in the late 70s of the 20th century) but 
gained momentum rather fast. 
 
Environmentalists in the beginning were defenders of nature and were concerned 
about habitats and wildlife. But very soon the general idea was formed that a 
demolished nature is also a threat to human health. “Environment” which was 
considered the sum of everything surrounding us and having an impact on us 
replaced “nature” as the prime topic. Biodiversity and threatened species were only 
of interest because their loss could in the long run mean a threat to humanity as well. 
Studies on the health effects of air pollution helped to link the picture of dead trees 
(“Waldsterben“) with respiratory health. This close linkage between environment 
and health made environmentalism a popular theme in Austria. But new road 
projects were just one topic among many fought against by this movement. 
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Nowadays there is a strong environmental lobby in Austria opposing new roads and 
especially highways, new tunnel projects or even the expansion of existing roads. 
On the other hand the interest groups of car drivers, the freight transport enterprises 
and construction companies are also very powerful in our country. 
 
Many politicians still seem to believe in the fairy tale of the 50s and 60s (then also 
taught at school) that new roads provide new jobs and new opportunities, although it 
is evident that there cannot be a linear association between number of roads and 
welfare but that there is certainly an optimal number of roads for a certain region. 
Until now there is a lack of integrated evaluation concerning this optimum. Various 
local, regional, and national responsibilities in the transport sector add to the 
difficulties of a coherent policy integrating transport and spatial planning. 
 
On top of this Austria is a mountainous country with dense population in regions 
where the landscape allows settlement. Narrow alpine valleys and basins tend to 
concentrate air pollutants and noise is reflected from the slopes of the mountains. 
Few alpine passes bear a great part of the freight and passenger transport between 
the North and the South of Europe. While Austrian transport companies benefit from 
Austrian’s key geographical position many dwellers of the alpine valleys along 
major roads are fed up with the heavy high duty traffic. 
 
This chapter sets out to illustrate the current situation in Austria and to document 
trends and status of environmental problems that are at least in part caused by the 
transport sector. In the final subchapter (“case studies”) some projects aiming at a 
more sustainable transport system will be discussed. 
 
 
2. Environmental problems 
 
2.1. CO2 emissions 
 
In Kyoto, Austria bargained the very ambitious goal to reduce by 2010 the emissions 
of total greenhouse gases to 87 % of the 1990 level. In fact total greenhouse gases in 
2001 reached nearly 110 % of the 1990 level, CO2 alone even 115 %. There is a 
steady (although lately rather slow) trend towards reduction of emissions in Austrian 
industry and an oscillating curve for annual emissions from heating of homes 
(depending on the mean winter temperatures of each year with a tendency to warmer 
winters due to climate change and therefore over the years rather lower emissions). 
This unsteady decrease is also supported by some achievements in insulation of 
houses. But (besides a smaller increase in the household use of electricity) all 
achievements are overruled by an increase in transport volume (both personal and 
freight transport) with increases especially in road transport but also (on a much 
lower level, but – at least until 9-11-01 – with a much steeper increase rate) in air 
traffic. Thus between 1990 and 2001 transport-related CO2 emissions increased from 
12.7 to 18.9 metric megatons annually,  which makes a 48 % increase (data  
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according to Umweltbundesamt, 2001a). Umweltbundesamt (2004) has now 
published the 2002 data also with no fundamental change. 
  
Table 42. Austrian CO2 emissions in megatons per year (Schleicher et al., 2000). 2001 data 
based on different calculations (Umweltbundesamt, 2001a) 
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1980 63.81 7.53 1.51 10.98 11.52 15.63 2.46 14.19
1981 59.84 7.19 1.38 10.14 11.23 13.61 2.24 14.05
1982 57.39 7.12 1.57 9.57 11.28 13.20 1.91 12.74
1983 58.51 7.31 1.41 8.08 11.52 13.51 1.69 14.99
1984 58.38 8.03 1.47 7.75 11.24 14.07 1.79 14.03
1985 59.23 7.89 1.59 8.07 11.39 14.79 1.86 13.62
1986 59.51 7.74 1.60 7.68 11.81 14.72 1.84 14.11
1987 59.81 7.62 2.37 7.65 11.90 15.68 1.85 12.37
1988 57.21 6.35 2.26 7.14 12.75 13.92 1.72 13.07
1989 57.97 7.14 2.21 6.66 13.22 13.63 1.79 13.32
1990 62.13 9.92 2.47 7.43 13.57 13.31 2.02 13.42
1991 66.02 10.42 2.99 6.82 15.06 15.80 2.14 12.80
1992 60.15 7.28 2.60 6.95 15.05 14.35 2.24 11.69
1993 59.90 6.58 2.62 6.85 15.10 14.74 2.19 11.82
1994 61.75 6.88 2.60 6.66 16.16 14.71 2.26 12.48
1995 63.69 8.08 2.94 7.51 15.43 14.84 2.20 12.69
1996 65.91 9.63 1.88 7.65 15.38 14.45 2.59 12.13
1997 66.79 9.84 2.13 8.27 15.79 14.97 2.49 12.30
1998 66.60 9.64 2.09 8.15 16.75 14.89 2.64 12.49
2001 68,00 18,90  

 
2.2. SO2 and NOx emissions  
 
SO2 and NOx emissions  
 
In 1990 national total SO2 emissions amounted to 79,000 metric tons; emissions 
have decreased steadily since then and by the year 2001 emissions were reduced by 
53% mainly due to lower emissions from residential heating, combustion in 
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industries and energy industries. As can be seen in Table 43, the main source for 
SO2 emissions in Austria with a share of 87% in 1990 and 76% in 2001 result from 
fuel combustion activities. Within this source residential heating has the highest 
contribution to total SO2 emissions (41% in 1990 and 32% in 2001). 
 
Table 43. SO2 emissions per category, their trend 1990-2001 and their share in total 
emissions (Wieser et al., 2003) 
 

SO2 Emissions 
[Gg] 

Share in National 
Total 

Category 

1990 2001 

Trend 
1990-2001 

1990 2001 
Energy 68.12 27.97 -59% 86.6% 76.3% 
Fuel Combustion Activities 66.12 27.81 -58% 84.0% 75.8% 
Fugitive Emissions from 
Fuels 

2.00 0.16 -92% 2.5% 0.4% 

Including transport sector 4.37  3.15 -28% 7% 11% 
Industrial Processes 10.49 8.64 -18% 13.3% 23.6% 
Agriculture 0.00 0.00 -2% 0.0% 0.0% 
Waste 0.06 0.05 -16% 0.1% 0.1% 
National Total 78.68 36.67 -53% 100% 100% 

 
The 2010 national emission ceiling for SO2 emissions in Austria as set out in Annex 
II of the Multi-Effects Protocol is 39,000 metric tons, which corresponds to a 
reduction of 50% based on 1990 emissions. Total emissions of 36,700 metric tons in 
2001 emissions are already below the ceiling. Transport’s share on SO2 emissions is 
low although increasing relatively. 
 
Table 44. NOX emissions per category, their trend 1990-2001 and their share in total 
emissions (Wieser et al., 2003) 
 

NOx Emissions 
[Gg] 

Share in National 
Total 

Category 

1990 2001 

Trend 
1990-2001

1990 2001 
Energy 181.24 179.70 -1% 90% 89% 
Fuel Combustion 
Activities 

181.24 179.70 -1% 90% 89% 

Including transport sector 101.99 101.46 -1% 56% 56% 
Industrial Processes 17.41 14.64 -16% 7% 9% 
Agriculture 5.20 5.02 -3% 3% 3% 
Waste 0.04 0.03 -32% 0% 0% 
National Total 203.88 199.40 -2% 100% 100% 

 
 
In 1990 national total NOX emissions amounted to 204,000 metric tons; emissions 
have fluctuated since then, and in 2001 were only 2% below the level of 1990. As 
can be seen in Table 44, the main source for NOX emissions in Austria with a share 
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of 90% in 1990 and 89% in 2001 results from fuel combustion activities. Within this 
source road transport has the highest contribution to total NOX emissions. About 
50% of national total emissions arise from this source with 97.14 Gg in 2001. 
 
The 2010 national emission ceiling for NOX emissions in Austria as set out in Annex 
II of the Multi-Effects Protocol is 107,000 metric tons (in the European National 
Emissions Ceiling Directive it is 103,000 metric tons), which corresponds to a 
reduction of 48% based on 1990 emissions (49% for the NEC Directive). With 
199,000 metric tons in 2001, which is a reduction of 2% compared to 1990 levels, 
emissions in Austria are at the moment well above this ceiling. 
 
Table 45. NOx emissions of the transport sector 1990 and 2001, their trend 1990-2001 
(Wieser et al., 2003) 
 

NOx Emissions [Gg] Category 

1990 2001 

Trend 
1990-2001 

Transport (total) 101.99 101.46 -1% 
Civil Aviation 0.13 0.32 152% 

Road Transportation 98.93 97.14 -2% 

Passenger cars 69.84 42.11 -40% 

Light duty vehicles 2.31 5.29 129% 

Heavy duty vehicles 26.55 49.17 85% 

Mopeds & Motorcycles 0.20 0.54 170% 

Railways 1.95 1.69 -13% 

Navigation 0.52 0.57 10% 

Other 0.46 1.74 281% 
 

Figure 42. Trends in Austrian emissions of gaseous pollutants (Wieser et al., 2003). 
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2.3 Particulate matter 
 
Until recently the Austrian standard for air pollution monitoring on airborne dust 
only contained total suspended particles (TSP) which is a rather poor indicator for 
source-specific particulate pollutants. Beginning in the year 2000 dust of particle 
diameter less than 10 µm (PM10) was introduced in Austrian ambient monitoring. 
PM10 is also influenced by various sources, but it has been shown in several studies 
to be a good predictor of health outcome. From emission inventories and parallel 
NO2 monitoring it was estimated that about 50% of the population’s exposure in 
Austria towards PM10 stems from motorised transport. 
 
Current limit values (PM10: no more than 35 daily mean values above 50 µg/m3) 
were exceeded on many locations (both in urban areas and in narrow alpine basins). 
Highest daily mean values in 2002 were even above 200 µg/m3! Even the limit value 
for the annual mean (40 µg/m3) was exceeded at a few locations (Spangl and Nagl, 
2003). 
 
2.4. Noise 
 
Road traffic is the top reason for ambient noise exposure in Austria. From a very 
limited number of measurements and noise mapping in a few cities based on 
transport density data the number of Austrian households that were exposed (outside 
their window fronts) to environmental noise above certain levels was estimated for 
the year 1997 (Table 46, UBA, 2001).  
 
Exposure to high noise levels has decreased substantially in some countries due to 
technological measures (e.g. reduction of emissions, change of road surfaces) and 
spatial measures such as noise barriers and spatial separation of transport and 
residential functions. Nevertheless, noise will remain a major problem due to the 
enormous growth in traffic (especially road and air) and the 24-hour economy. The 
OECD predicts an increase in motor vehicle kilometers of 40% in the next 20 years 
(OECD, 2001). 
 
Table 46. Noise caused by road traffic, percentage of households above certain levels 
(Umweltbundesamt, 2001b) 
 
LA,eq,day or 
LA,eq,night + 10 
dB 

Communities 
with less than 

20,000 
inhabitants 

Cities with 
more than 

20,000 
inhabitants 

Vienna Austrian 
average 

 

≥ 55 61.6 51.1 67.0 60.9 
≥ 60 29.2 29.2 44.0 32.2 
≥ 65 5.0 18.5 17.1 9.8 
≥ 70 2.0 6.4 11.0 4.6 
≥ 75 0.0 2.0 3.4 1.0 

 



H. MOSHAMMER ET AL. 

 

230

 
3. Health effects 
 
3.1. Impacts of air pollution 
 
Künzli et al. (2000) estimated the burden of disease due to air pollution in Austria. 
They only considered a few health endpoints. They used PM10 exposure as the best 
indicator of total air pollution. Their estimates for Austria are summarised in Table 
47. 
 
Dose-response rates were derived from American cohort studies mainly. Exposure 
of Austrian population was calculated by means of the Austrian emission inventory 
and data were calibrated using the Austrian monitoring network for NO2 (because no 
PM10 monitoring network was in place in Austria then). The calculations were 
performed as part of an international study with teams from Austria, Switzerland, 
and France and the data were presented at the WHO ministerial conference in 
London 1999. Especially the figures on mortality (due to transport related air 
pollution) which are in the same range or even higher than the annual deaths caused 
by road accidents (approx. 1000 per year) gained much media coverage in Austria. 
In a later paper Künzli et al. (2001) argued that it was a pity that in 1999 there were 
no valid data on the actual loss of life years but that it could be estimated that each 
death due to air pollution would on average reduce life by about 6 months. But 
evidently the absolute numbers of attributable deaths made a great impact on the 
Austrian political debate. But neither NO2 nor PM10 have shown a clear downward 
trend in Austria since then. 
 

Table 47. Annual health impact of air pollution in Austria (Künzli et al., 2000) 
 

Estimated attributable number of cases or days (95% CI)Health outcome 
Total outdoor air 

pollution 
Traffic related air 

pollution 
Long-term mortality (adults) 5600 (3400-7800) 2400 (1500-3400) 
Respiratory hospital 
admissions 

3400 (400-6500) 1500 (160-2800) 

Cardiovascular hospital 
admissions 

6700 (3500-10,000) 2900 (1500-4300) 

Chronic bronchitis incidence 
(adults) 

6200 (600-12,000) 2700 (240-5300) 

Bronchitis (children) 48,000 (21,000-86,000) 21,000 (9000-37,000) 
Restricted activity days (adults) 
(106) 

3.1 (2.6-3.6) 1.3 (1.1-1.6) 

Asthma attacks (children) 35,000 (21,000-48,000) 15,000 (9000-21,000) 
Asthma attacks (adults) 94,000 (46,000-143,000) 40,000 (20,000-62,000) 
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3.2. Noise: annoyance and other health effects 
 
Noise is generally distinguished from sound in that it is undesirable sound; i.e., 
sound which causes pain or discomfort, or interferes with human activities such as 
communication or sleep. 
 
Census data (Statistics Austria) show that noise is the main reason of annoyance. 
The percentage of annoyed and highly annoyed persons declined over time (partly 
due to a change in the questionnaire after the 1994 census) but the absolute numbers 
remained fairly constant. The 1994 census data still give approx. 18% of annoyed or 
highly annoyed persons which is still rather a high number. Of these nearly 80% 
reported to be annoyed by transport (the remaining include industry noise, 
neighbours, building construction and others). The majority of the annoying 
transport noise stems from road traffic (Figure 43, Figure 44 and Figure 45). 
 
Lately more and more studies are focusing not merely on simple dose-response 
relationships but also on the whole setting in which the noise is perceived 
(soundscape). A negative response to noise such as annoyance can be modified by 
both acoustical and non-acoustical parameters. People that feel unsafe due to road 
traffic are more annoyed than others. Improvements that include traffic safety 
measures can therefore be an effective way of reducing noise annoyance even 
though the actual noise level remains unchanged. Negative reactions to noise can 
influence effects of other exposures (e.g. air pollution). 
 
The instance of transalpine traffic in the EU has shown that mountainous areas are 
especially sensitive to negative environmental effects (Lercher et al.,1995; Lercher 
and Kofler, 1996). Topography and meteorology unfavourably support the 
propagation of noise in such a way that the distant slopes of the valley often receive 
noise levels you see in the second or third lane along highways. 

Figure 43. Noise sources. More than 70% of annoying noise is caused by transport (Statistik 
Austria, 2000). 
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Figure 44. Noise from transport sources. Road transport is the leading cause of annoying 
transport noise (Statistik Austria, 2000). 
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Figure 45. Number of households respectively persons annoyed stayed constant over the 
years (Statistik Austria, 2000). 
 
 
Due to the low background levels in these distant areas the noise to background ratio 
increases and the noise impact on people is higher. For areas which resemble these 
characteristics that make them more vulnerable to the impact of environmental noise 
the term “sensitive area” has been used, which is often applied in a more restrictive 
sense only. 
 
In a large Austrian field study child self-reported mental health was investigated in 
relation to road and railway noise. Self-reported mental health was only impaired in 
higher-exposed children with a history of low birth weight (Lercher et al., 2002). 
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3.3. Accidents 
 
The risk of being involved in a road accident is strongly age and sex-dependent. 
Over the years there has been a decrease in the annual death rate (Figure 46). Now 
annually slightly less than 1000 people are killed on the roads (total population is 
about 8 millions) which is still far too much. This decrease happened not only 
because roads and vehicles are safer now especially for passengers, but also because 
of improved first aid and medical services of intensive care. Transport has not 
become better adapted to the needs of those most vulnerable (e.g. children) but 
children are kept away from the roads and are trained to adapt to transport needs. 
Nevertheless children as pedestrians suffer a high toll of injuries. But even more are 
injured as passengers in cars (Figure 47, Kuratorium für Verkehrssicherheit, 2004). 
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Figure 46. Accidents and casualties 1961–2003 (Kuratorium für Verkehrssicherheit, 2004). 
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In sum in 2003 a total of 4111 children (age 0 – 14) were injured. From these 1057 
were pedestrians, 867 cyclists, 1812 passengers in cars and 375 participated 
otherwise in road transport. 
 
The total number of small children killed on the roads per year is rather small. Half 
of them die as car passengers which is also due to the parents’ belief that it is safer 
to deliver their children by car instead of allowing them to walk on their own. This 
leads to a sharp increase in fatalities and injuries when the youngsters are finally 
allowed to move on their own with motorised devices. 
 
For all age groups injuries and deaths due to road accidents Austria ranks above the 
EU 15 average both when comparing on a per capita or a per vehicle basis. 
 

 
Figure 47. Children injured (fatalities and injuies) in 2003 (Kuratorium für 
Verkehrssicherheit, 2004). 
 
 
3.4. Physical activity 
 
Children are less physically active than in former times. This is due to various 
reasons: 

(1) Increasing availability of home entertainment (TV, computer) 
(2) Perceived and real danger due to motorised traffic outdoors and lack of 

spaces for outdoor activities 
(3) No need for physical activity because of change in mobility patterns 

 
There is compulsory physical education in most school types in Austria. But the 
amount of physical activity apart from these (usually 3 hours per week) classes is 
decreasing and physical activity is not an integrated part in everyday school life. 
 
There are differences between age groups, gender, and regions. In a European-wide 
WHO survey (2000) exercise levels were still remarkably high in youngsters aged 
11 and 13 but there was a drop in activity for 15 year old girls. In spite of doubts 
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concerning the comparability of data from the different European countries this 
study showed that Austria is still in a rather good position concerning physical 
activities in children and adolescents. Tendencies for a change to less active life 
styles and a drop in activity when the youngsters grow older nevertheless call for 
attention.  
 
On the other hand, overweight is quite common in Austria with a high prevalence 
also in children of lower social classes. There is a lack of data for the whole country. 
But studies on Vienna schoolchildren (10 to 14-year-olds) found differences 
according to gender (higher rates in boys) and to school type (higher rates up to 30 
percent in secondary schools as compared to public schools with 14 percent; 
Widhalm, reported by Hecher 2004). 
 
 
4. Case studies 
 
Many measures in Austria to reduce individual motorised traffic and to enhance 
more healthy modes of mobility form a patchwork all over the country. But too often 
still these patches do not fit with each other. Propagating public transport on the one 
side is at the same time accompanied by a reduction of public transport services due 
to financial constraints or financial interests. New roads and new railways are 
constructed in parallel with the digging of the tunnels for the railway stopped 
because of environmental impact considerations (danger for groundwater) but the 
tunnels for the motorways on the same route are still under construction. 
 
Many fine solutions for transport problems have been implemented on the local and 
regional level. They include models of sustainable tourism (“holidays from the car“) 
including a sophisticated infrastructure of cycling lanes, special service of inn 
keepers and hotels for cyclists (special prices, providing facilities for changing of 
clothes and showers, special menus, etc.), transportation of luggage by private and 
public transport enterprises, special services and ticket prices for tourists that leave 
their car at home, packages including rail ticket, hotel, and special entertainments 
like horse riding, horse-powered coaches or sleds, and much more.  
 
Other measures were introduced by the management of enterprises that encouraged 
their workers to come to work by bike or with public transport facilities. Instead of 
investing in new parking space they paid for public transport tickets or provided 
facilities for the cyclists like showers and wardrobes. These activities were often 
accompanied by joint actions of the public transport authorities offering special bus 
lines that fit the working shift needs of the enterprise. Car sharing is also encouraged 
by other managements. 
 
One famous project that tried to bring together many of the above-mentioned ideas 
in one special area is the Pilot study “Transport and Sensitive Areas – the Example 
of the Lake Neusiedl Region”. This Lake Neusiedl Region in the very East of 
Austria for many years was placed at a “dead boarder” (to Hungary) hampering 
industrial development. This also enabled the survival of rare wildlife species and 
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made the region a very valuable reservation not far from the urban centre of Vienna. 
Uncontrolled growth of tourism in some places and lack of jobs in many others were 
both recognised as serious problems of the region. 
 
Therefore many programmes were jointly planned by Austrian and Hungarian 
authorities under the umbrella of this pilot study. Local authorities and other 
stakeholders were invited to participate and so several projects could be 
implemented including “ecotourism“ (cycling, hiking, bird watching), improvements 
in cross boarder and local public transport, mobility services to encourage and assist 
commuters in car sharing activities, supports for local enterprises with their freight 
logistics, and many more. 
 
One general problem with all the fine Austrian projects is a lack of evaluation of 
success. While many of the tourism projects are visibly successful in terms of 
tourists that come and ask for these facilities and services, it is not clear if more 
conventional recreational services would not have brought an equal economic 
benefit. And if “ecotourism“ really has increased the number of tourists, there are no 
studies to measure the total environmental impact of that tourism. Even if the impact 
of the single tourist would be low it must be proven that the higher number of 
tourists does not outweigh these benefits. All the other projects, among those 
prominently the projects of the Lake Neusiedl study, have not implemented any 
benchmarking or monitoring of success. No quantitative goals have been published 
in the beginning, no baseline investigation on the satisfaction of the population of 
the region with the existing public transport facilities and other services, no ongoing 
integrative surveys have been carried out. 
 
Therefore, as stated in the beginning, all these projects and measures remain a 
patchwork with no integrative national or even regional overall policy. Some turned 
out very fine, but none can be presented as a special case study which would serve 
as a model for broader implementation.  
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Summary 
 
This report addresses mobility and travel in the UK and the consequential cost to the 
environment, economy, quality of life and health. In 2001, the UK had a rapidly 
increasing population of 59,030,600 people who need effective, efficient modes of 
travel. We focus on road traffic accidents as well as the health-related and 
environmental impacts of road and air traffic, which are the modes of transport most 
associated with air and noise pollution. Engine noise and exhaust emissions are 
responsible for noise and air pollution, which cause environmental damage and 
health effects. Engine exhaust emissions contribute to global warming, poor air 
quality, ambient carcinogens, acidification and increased ground level ozone. 
Although total CO2 emissions have reduced in the UK, road transport is the fastest 
growing source, almost doubling from 1970 to 2000. Nitrogen oxides, sulphur 
dioxide, nitrous oxides, volatile organic compounds, polycyclic aromatic 
hydrocarbons and particulate matter from engine exhaust emissions all contribute to 
poor air quality. This has serious implications for health, such as chronic and acute 
lung function conditions. Short-term exposure to air pollution may be bringing 
forward between 12,000 and 24,000 deaths and between 14,000 and 24,000 hospital 
admissions each year. Ozone, particulates and SO2 are the main culprits. Emissions 
of diesel and petrol particulates, benzene, 1,3-butadiene, benzo[a]pyrene and 
benz[a]anthracine contribute to ambient carcinogens, add to lung cancer totals and 
may be implicated in childhood leukaemia. The UK seems, however, on course to 
meet most of its air quality objectives. We also address the noise-related health 
problems of living near to airports and main roads, including sleep disturbance, 
mental problems and effects on the cognitive performance of primary school 
children. In 2000, road traffic accidents killed around 3,500 people in the UK and 
40,000 were seriously injured. The most vulnerable of UK citizens withstand the 
worst of transport-related health issues. More UK government-funded research is 
required to investigate the role of air pollution in the aetiology of cancer and 
respiratory disease. More noise reduction measures should be put in place near 
airports and traffic dense areas. More initiatives such as the Oxford Transport 
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Strategy should be put into practice to promote alternatives to car use. Physical 
activity such as walking and cycling should be encouraged from an early age and the 
health benefits of such activity should be publicised. 
 
1. Introduction 
 
1.1. Overview 
 
Mobility in human communities is essential. By mid 2001, the UK had a rapidly 
increasing population of 59,030,600 people (ONS, 2003a) who all need effective, 
efficient modes of travel. A disproportionately large population density occurs in the 
South East of England, causing higher stress on the transport system as well as on 
housing, as people commute long distances. Good road and rail networks are 
required for industry, commuting, efficient public transport and easy access to 
airports and seaports. However, effective mobility has a significant effect on the 
environment, human health and quality of life. This report addresses travel in the 
UK and the consequential cost to the environment and the health of the nation. It 
focuses mainly on the health-related and environmental impact of road and air 
traffic, which are transport modes associated with air and noise pollution, together 
with road accidents. This report does not address accidents during other modes of 
travel, or emissions from rail travel, because these are of relatively low concern, 
compared to other modes of travel. 
 
The main health impacts of road and air traffic are through air and noise pollution 
and road traffic accidents. The air pollution comes from the emissions of engine 
exhausts, the major road traffic pollutants being: 

• Carbon dioxide (CO2), carbon monoxide (CO)  
• Nitrous oxides (NOX), e.g. NO and NO2,  
• Sulphur dioxide (SO2) 
• Particular Matter (PM10) 
• Volatile Organic Compounds (VOCs): hydrocarbons (alcanes, alcenes, 

aromatic monocyclic e.g. benzene and toluene), oxygenated compounds 
(aldehydes, acids, ketones, ethers) 

• Polycyclic Aromatic Hydrocarbons (PAHs) e.g. benzo[a]pyrene, 
benzo[k]fluoranthene, benzo[b]fluoranthene, benzo[g,h,i]perylene, 
benz[a]anthracene   

• Metals (lead) 
 (DEFRA, 2003a). 
 
Aircraft exhausts also emit CO2, VOCs and NOx. Airports are among the greatest 
sources of local air pollution and noise pollution. (Holzman, 1997).  
 
Air pollution is detrimental to human health and the environment in a number of 
ways. These are explored in more detail in other chapters of this book, but in 
summary: 

• CO2 is the main greenhouse gas;  
• NOx and SO2 are responsible for acidification;  
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• NOx also contributes to tropospheric ozone levels;  
• Particulate matter is implicated in respiratory conditions such as asthma and  
• VOCs and PAHs contribute to ambient carcinogens  

 (DEFRA, 2003a; IARC, 1989b).  
 
An underestimated form of pollution, in terms of its health effects, is noise. Noise 
pollution from road and air traffic may be responsible for cardiovascular disease, 
sleep disturbance and mental health disorders such as depression (DEFRA, 2003a; 
DEFRA, 2003b; van Kempen, 2002; Holzman, 1997). 
 
A direct health impact of road traffic is accidents. Every year in the UK, over 
300,000 people are injured in road traffic accidents, 5% of them children 
(Donaldson 2002). In 2001, road traffic accidents accounted for over 40,000 
pedestrians‘ deaths or injuries in the UK, a third of whom were children (DfT, 
2003c). 
 
1.2. Population statistics 
 
There were about 59,030,600 people living in the UK in mid-2001. This was an 
increase since 1981 of 2.7 million people (4.7%). A year later, this had increased by 
another 0.3% to 59.2 million. The growth in the population of the UK is mainly due 
to net natural change (more births than deaths). (ONS 2003a) 
 
In the UK, for the first time, people aged 60 and over form a larger part of the 
population than children form. There has also been a large increase in the number of 
people aged 85 and over, now over 1.1 million, or 1.9% of the population (ONS, 
2003b). Unpolluted, safe, efficient modes of transport need to be a priority for 
elderly people, children and the sick, as these are the people who are likely to suffer 
the most from road and air traffic pollution. 
 
1.3. Transport infrastructure and travel statistics 
 
The UK has an expanding road network: motorways, principal and other road 
networks have expanded by more than 16% in the twenty-one years from 1980 to 
2001, to over 380 thousand kilometres in total. The trunk road network, however, 
has decreased by 6% to 11.73 thousand kilometres in the same period (DfT, 2003a).  
 
The number of vehicles using the road networks is increasing rapidly: Between 1991 
and 2001, the number of cars rose 21% to 23,899,000 and the number of buses rose 
23.6% to 89,000 (DfT, 2003b). UK total road traffic volume increased 18% from 
1990 to 2002, reaching 486 billion vehicle kilometres in 2002. (UK Sust Dev, 2003). 
 
In 2000, the modal split of UK road traffic (in billion vehicle kilometres) was:  

• Car & taxi   378.7  (80.3%),  
• Light vans      50.5  (10.7%),  
• Goods vehicles       29.3  (6.2%),  
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• Buses & coaches    4.8  (1.02%),  
• Motor cycles etc    4.4  (0.93%),  
• Pedal cycles       4  (0.85%)  

Adapted from (DEFRA 2003a). 
 
Alternatives to motorised transport, particularly for local journeys, are cycling and 
walking. Cycle traffic on public roads fell dramatically from 23 billion passenger 
kilometres in 1952 to around 4 billion kilometres in the early 1970s. Despite rising 
50% by the early 1980s, it returned to 4 billion kilometres in 1998. In 1996-1998, 
males aged 5 or over cycled an average of 112 km/yr on the public highway, while 
females cycled 23 km/yr. The peak age group was 11 to 17 year olds. Concern about 
road safety is a major reason for people not cycling (ONS 2002). 
 
The number of households with regular use of a car has also increased slightly over 
the decade to 2001. By 2001, the percentage of households with regular use of one 
car was 46%, two cars 22% and three cars 5% (DfT, 2003a).  
 
In 2002, the South East region of England had the largest share of English traffic on 
all roads, at about 18%, despite its relatively small area. The East of England and the 
North West had the next highest share with about 11% each. The North East carried 
the lowest amount of traffic on all roads with 4% (DfT, 2003d). The busiest 
motorway in 2002 was the M25 Western section with 147,000 vehicles per day. The 
M25 is the orbital motorway which encircles London. The average flow for the M25 
as a whole was considerably higher than that of the next busiest motorways. These 
were the M1 (a major motorway serving the East of England connecting London to 
Leeds and continuing north to the A1 and the North East of England), M27 (a 
motorway which serves the south coast of England from the west of Southampton to 
Portsmouth), M60 (the Manchester orbital motorway) and southbound M6. The M6 
motorway was the first motorway built in the UK and it is the longest motorway in 
England. It runs from a junction with the M1 in the South Midlands of England, past 
the major cities of Birmingham and Manchester, and finally to Carlisle, close to the 
border with West Scotland. (DfT, 2003c). 
 
One of the main reasons for these traffic increases is the increasing mobility of the 
population. People travel further to work, shop and for leisure activities. Average 
annual distance travelled per person increased sharply in the late 1980s as shown in 
Table 48 (DfT 2003c). 
 
Table 48. Changes in average distance travelled (Average miles/year). Data from (DfT 
2003c). 
 

                   (miles/year) 1985/86 1999/01 % increase 
Average distance travelled 5,317 6,815 +28% 
Distance travelled by car 3,796 5,354 +41% 
Distance walked 244 189 -23% 
Distance travelled by bicycle or motorcycle 95 68 -28% 
Distance by local bus 297 245 -18% 
Distance by rail or tube train 336 425 +26% 
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The increase in average distance travelled by car leapt by 41% and distance travelled 
by rail or underground train increased 26% while distance walked or by other road 
transport fell. (DfT 2003c) 
 
There is considerable concern about the increasing trend towards car travel among 
schoolchildren, partly due to the increasing road congestion that this is causing, but 
also in terms of the loss of independence and the long-term health risks of taking 
less exercise. Various schemes are being devised to encourage fewer car journeys to 
and from schools, such as “Safe Routes to School“, an initiative co-ordinated by 
Sustrans and adopted by many local authorities (Sustrans 2003). Safe Routes to 
Schools is a community approach to  

• Encourage more people to walk and cycle to school safely 
• Improve road safety and reduce child casualties  
• Improve children’s health and development  
• Reduce traffic congestion and pollution (Sustrans 2003) 

 
One example of “Best Practice” is the Oxford Transport Strategy (see box). 
 
The growth in air transport in the last twenty years is far bigger than for other 
transport sectors. The number of passengers at UK airports (including those 
changing aircraft) increased more than threefold between 1980 and 2001, from 50 
million to 162 million (DfT, 2003e). 
 
The aim of this report is to educate and inform non-environmental health expert 
professionals about the heath and mobility issues in the United Kingdom and to 
provide an example of how these issues can be tackled to minimise the health 
impact. 
 
 
2. Environmental consequences of travel 
 
2.1. Road and air traffic emissions affecting air quality  
 
As well as contributing to global greenhouse gases, road traffic emissions from 
engine exhausts (listed in the Introduction) have an adverse effect on air quality and 
have various health and environmental impacts. 
 
In the UK, air quality is measured in two main ways: continuous automatic 
monitoring and monitoring using non-automatic equipment. Continuous automatic 
monitoring allows instantaneous measurements of air pollution concentrations at 
chosen sites. Measurements of air quality using non-automatic equipment gives 
concentration measurements over longer periods of time; for example, daily, weekly 
or monthly (DEFRA, 2003c). 
 
There are three main networks funded by DEFRA to measure air quality: the 
Automatic Urban Network (AUN), the Automatic Rural Network (ARN) and the 
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Hydrocarbon Network. There were a total of 116 automatic monitoring sites around 
the UK in 2002; see Figure 48 (DEFRA, 2003c).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 48. The automated air quality measuring sites in the UK (DEFRA, 2003c) (Crown 
copyright material is reproduced with the permission of the Controller of HMSO and the 
Queen’s Printer for Scotland.) 
 
The AUN urban network monitors SO2, NOx, CO, O3 and particulate matter (PM10). 
The urban sites are chosen as being representative of population exposure. In 
addition, so-called “hotspots” are monitored at urban kerbsides. 
 
The ARN rural sites mainly monitor O3 but also SO2, NOx. The Hydrocarbon 
Network monitors 25 volatile organic compounds, especially benzene, 1,3-butadiene 
and O3 precursors at urban roadside, urban background and rural areas. DEFRA 
provide a public information service giving hourly updates of ambient SO2, NOx, O3, 
CO and particulate matter concentrations via a free telephone line and a website 
(DEFRA, 2003c). 
 
The health-based objectives for ambient air quality in the UK are set out in the Air 
Quality Strategy for England, Scotland, Wales and Northern Ireland (DEFRA, 
2000). These objectives are set in order to protect human health from pollutants such 
as: SO2, PM10, NO2, CO, Pb, benzene, 1,3-butadiene, O3 and PAHs.  There are also 
objectives for SO2 and NOx to protect the environment from acidification. 
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2.2. CO2 emissions (contribution to greenhouse effect) 
 
Carbon dioxide (CO2) is one of a “Basket” of six gases that comprise the so-called 
greenhouse gases. CO2 is by far the most significant greenhouse gas, the other main 
offenders being methane (CH4), nitrous oxide (N2O), halocarbons (HCF, PFC) and 
sulphur hexafluoride (SF6). Under the Kyoto protocol, the UK has agreed to reduce 
basket greenhouse gases by 12.5% below 1990 levels in the period 2000-2012. The 
UK already reduced emissions of basket greenhouse gases by 13% between 1990 
and 2000, the challenge being to keep emissions from rising again as travel increases 
(DEFRA, 2003a). 
 
In the pre-industrial atmosphere, the average concentration of CO2 was thought to be 
about 280 ppm. During the present industrial time (1998), the average concentration 
of CO2 is 365 ppm. The current rate of change of concentration of atmospheric CO2 
is 1.5ppm/year (DEFRA, 2002). CO2 emissions in the UK from anthropogenic 
sources contribute about 2% to the global burden (DEFRA, 2003a). Global man-
made emissions of CO2 range between 6.2-6.9 billion tonnes of carbon per year 
(DEFRA, 2003a). However, The UK cut CO2 emissions between 1970 and 2000 by 
20% and has a goal of cutting CO2 emissions by 20% below 1990 levels by 2010 
(DEFRA, 2003a, DEFRA, 2002). 

Figure 49. Carbon dioxide emissions by end user in the United Kingdom: 1970-2002 
(DEFRA, 2003a) (Crown copyright material is reproduced with the permission of the 
Controller of HMSO and the Queen’s Printer for Scotland.) 

 
Road traffic is the fastest growing source of CO2 emissions in the UK. Figure 49 
shows that between 1970 and 2000, CO2 emissions from road transport nearly 
doubled (from 20.7 million tonnes in 1970 to 38.6 million tonnes in 2000), 
becoming 24% of the total CO2 emissions in 2000. Rail, shipping and civil aircraft 
each contribute 1% to the total UK CO2 emissions (DEFRA, 2003a). 
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CO2 emissions from cars have risen 81% since 1970 to 19,823 Ktonnes in 2001 
(NAEI, 2002a). 
 
Moreover, the cost of fuel does not seem to make a difference to forecast road traffic 
totals: Forecasts from the Department for Transport estimate that high cost fuel 
would do little to deter road traffic users (DfT, 2003d). 
 
2.3. Nitrogen oxides 
 
Nitrogen oxides (NOx) are acid gases that originate from fossil fuel combustion and 
road traffic emissions. As air pollutants, NOx are implicated in both chronic and 
acute lung function conditions, especially asthma. NOx also contribute to acid 
deposition and are ozone pre-cursors (DEFRA, 2003c). 
 
In 2001, the total NOx emissions in the UK were 1,680,000 tonnes, of which 
781,000 tonnes were attributable to road transport; 46% of the total. From 1970-
1989, NOx emissions from road traffic rose from 764,000 to 1,290,000 tonnes, as a 
direct result of the increasing road traffic. However, despite road traffic continuing 
to rise after 1989, NOx emissions fell by 39% to the 2001 level, because of the 
introduction of catalytic converters. The emissions of NOx from civil aircraft have 
risen from 1,000 tonnes in 1970 to 4,000 tonnes in 2001.  Road traffic diesel 
contributes more to total NOx than petrol.  The UK has a target to reduce total NOx 
emissions to below 1,167,000 tonnes by 2010, under the EU National Emissions 
Ceiling Directive (DEFRA, 2003c). 
 
To meet UK and EU health objectives by 2005, the concentration of NOx should not 
exceed an hourly mean of 200µg/m3 more than 18 times a year by 2005. This 
objective was met by 2002. In addition, the annual health objective of 40µg/m3 by 
2005 has been achieved by around 70% of sites in 2002 (DEFRA, 2003c). 
 
2.4. Sulphur dioxide (SO2) 
 
Sulphur dioxide is also an acid gas and can affect health and vegetation in a similar 
way to NOx. It particularly affects asthma and sufferers of chronic lung disease. In 
addition, SO2 can affect the lining of the nose, throat and airways of the lung 
(DEFRA, 2003e).  
 
The UK has a target to reduce SO2 emissions below 585,000 tonnes by 2010, under 
the EU National Emissions Ceiling Directive (DEFRA, 2003e). In 2000, total SO2 
emissions were 1,125,000 tonnes, a reduction of 70% below 1990 levels. The SO2 
emissions attributed to road transport fell from 44,000 tonnes in 1970 to 3,000 
tonnes in 2001 (DEFRA, 2003e). 
 
Table 49 shows the target objectives for SO2 and their achievement levels. All 
objectives were met in 2002 except at one site (DEFRA, 2003c).  
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Table 49. UK Health Objectives for SO2 and achieved values (DEFRA, 2003c) (Crown 
copyright material is reproduced with the permission of the Controller of HMSO and the 
Queen’s Printer for Scotland.) 

 
 Target 

Objective 
(µg/m3) 

Target 
Year 

Permitted 
exceedences per 

year 

Year 
(nearly) 

Achieved 

No. of 
sites 

failing 
1 hour mean 350 ? 24 2002 - 
24 hour mean 125 2004 3 2002 1 
15 minute mean 266 2005 35 2002 1 

 
 
2.5. Road transport - contribution to acidification 
 
The main road transport emissions responsible for acidification are nitrous oxides, 
sulphur dioxide and ammonia. Acid deposition occurs by two processes: wet 
(polluted rainfall) and dry (when the chemicals fall directly back to the Earth due to 
gravity) (Air Quality Archive, 2003). The largest dry deposition of sulphur occurs in 
Northern areas of the UK, whereas nitrogenous dry deposition is highest in Southern 
England.  Upland areas of UK suffer the highest levels of wet deposition of both 
sulphur and oxidised nitrogen due to high levels of rainfall in these areas (DEFRA, 
2003c). Acid deposition is currently measured weekly at 32 sites across the UK. 
Five of these sites supply data to the European Monitoring and Evaluation 
Programme (EMEP) network (DEFRA, 2003c). 
 
2.6. Contribution to ground-level ozone 
 
Both road and air traffic emissions contribute to ground level ozone pollution. The 
major contributing pollutants are nitric oxides and volatile organic compounds 
(VOCs) (DEFRA, 2003c). The majority of emissions of VOCs and NOx from air 
traffic occur during take off and landing cycles but idling aircraft at gates also 
contribute to air pollution. At airports, ground access traffic and aircraft pushing 
units contribute to approximately half of the total airport emissions. In addition, 
toxic glycols, used as a de-icer on aircraft, pollute local waterways (Holzman, 1997). 
 
Ozone (O3) can affect human health and is detrimental to vegetation and crops 
(DEFRA 2003c). Ground level ozone occurs naturally. However, levels increase 
when ozone is formed as a secondary pollutant as a result of chemical reactions 
between NOx, oxygen and VOCs in the presence of sunlight (DEFRA, 2003c). 
Ground level ozone concentration has doubled from around 30µg/m3 to 60µg/m3 
over the past century (DEFRA, 2003c). Ozone pollution from countries in mainland 
Europe can be blown across the UK by wind. Ozone pollution levels rise well over 
background levels in the summer months due to long periods of warm sunlight with 
low wind. Settled weather conditions can lead to ozone persisting for many days and 
being transported over long distances. Kent (2003) documented one such “classic 
ozone event” which occurred in the UK between May 27 and June 3, 2003. 
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The UK health objective for ground level ozone is that the daily maximum 8-hour 
running mean should not exceed a concentration of 100 µg/m3 on more than 10 days 
a year at any site by 2005. This objective was met by nearly three quarters of sites in 
2002.   
 

Figure 50. Ground level ozone exceedences: 1987-2003 United Kingdom. Adapted from Key 
Facts about: Air quality, Ground level ozone exceedences: 1987-2003 United Kingdom 
(DEFRA, 2003c) (Crown copyright material is reproduced with the permission of the 
Controller of HMSO and the Queen’s Printer for Scotland.) 

 
Ozone is usually much higher in rural areas than urban areas, as shown in Figure 50. 
This is because of higher urban levels of NOx from road traffic. The NOx reacts with 
the ozone to form NO2 (DEFRA, 2003c). The fitting of catalytic converters after 
1992 to all new petrol-engine vehicles has helped to reduce VOC emissions (DfT, 
2003d).   
 
Unfortunately, any local reduction in ozone emissions in the UK and Europe is 
likely to be outweighed by transboundary influx of globally produced ozone 
pollution, from developing countries. The Intergovernmental Panel on Climate 
Change (IPCC) predicts that a global-scale pool of ozone will grow and this, in turn, 
may increase surface O3 concentrations in all the northern hemisphere continents 
through the cycle of constantly changing weather patterns. Local pollution episodes 
are built on top of these global baseline values. Thus, future global increases in 
tropospheric ozone may work against regional pollution control strategies designed 
to reduce exposure levels for both humans and vegetation (Derwent et al., 2002). 
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2.7. Contribution to ambient carcinogens  
 
Road and air traffic emissions to air include pollutants that are carcinogenic to 
humans such as particulate matter from diesel exhaust, Volatile Organic Compounds 
(VOCs), polycyclic aromatic hydrocarbons (PAHs) and heavy metals. 
 
Volatile organic compounds are a diverse group of chemicals and are divided into 
methane and non-methane groups. Methane is primarily a greenhouse gas and will 
not be considered in this section. Most VOCs emitted from road traffic are not 
harmful to human health; however, benzene and 1,3-butadiene are toxic and 
carcinogenic. Total VOC emissions fell by 45% between 1990 and 2001 and road 
transport emissions fell by 66% (DEFRA, 2003c).  Since 1970 Lead (Pb) emissions 
have fallen to virtually zero as a direct result of the introduction of unleaded petrol: 

2003a,
 NAEI, 2004).    

Benzene is one of the VOCs and is a group 1 carcinogen which causes various 
leukaemias (IARC, 1989a). Thirty-nine sites across the UK monitor benzene 
emissions in order to comply with EU directives on benzene. These sites use a 
combination of automatic and non-automatic monitoring methods. In 2001, road 
traffic was responsible for 6,140 tonnes of benzene emissions in the UK, 36% of the 
emission total (DEFRA, 2003c). Because benzene is a constituent of petrol, 
emissions arise from both evaporation and combustion of petrol (NAEI, 2002a). 
Benzene emissions have decreased since 1990 because of catalytic converters and a 
reduction in the benzene content in petrol. The UK objectives that the maximum 
running annual means for benzene should not exceed 16.25µg/m3 by the end of 2003 
were met at all monitoring sites. New health objectives for benzene levels have been 
agreed: in England and Wales the annual mean should not exceed 5µg/m3 (DEFRA, 
2003c). 
 
Another potential contributor to ambient carcinogens is 1,3-butadiene, which is a 
group 2a suspected human carcinogen (IARC, 1999) emitted as a by-product of 
petrol combustion. Road traffic emissions form the bulk of total 1,3-butadiene 
emissions in the UK. At 3,480 tonnes in 2001, this was 78% of the UK total (NAEI, 
2002a), which fell 64% between 1990 and 2001. Catalytic converters are helping to 
reduce the proportion of 1,3-butadiene emissions attributed to road transport. 
 
Polycyclic aromatic hydrocarbons (PAHs) are emitted by motor vehicles due to 
incomplete combustion. They are highly toxic in high concentrations and some are 
carcinogenic. Benzo[a]pyrene (B[a]P) is recognised as one of the most carcinogenic 
of the group. It is a group 2a carcinogen along with Benz[a]anthracine (IARC, 1983 
NAEI, 2002a). An addendum to the Air Quality Strategy in England, Scotland and 
Wales, issued in February 2003, has set out a new objective for PAH, for 0.25ng/m3 
as annual average, to be met by the end of 2010. B[a]P concentration is now used as 
the marker for the total mixture of PAH in the UK (DEFRA, 2003e). B[a]P and 
Benz[a]anthracine levels have reduced markedly in the UK. B[a]P emissions fell 
from 70 tonnes in 1990 to 10 tonnes in 2001 (DEFRA, 2003e). However, although 

leaded petrol was phased out from general sale at the end of 1999 (DEFRA 
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PAH emissions have decreased significantly since 1990, in 1990 the largest source 
of PAH was road transport combustion, which contributed 49% of the total 
emissions (NAEI, 2002a). 
 
Road traffic engine exhausts contain thousands of gaseous and particulate 
substances. Particles emitted from petrol-burning engines are different from diesel 
engine exhaust particles, in terms of their size distribution and surface properties. 
Diesel engines produce two to forty times more particulate emissions than petrol 
engines, when both have catalytic converters and similar engine power output 
(IARC, 1989c). Aircraft particulate emissions contributed around 1% of the total 
emissions in 2001; this is a rise of 1% from 1990 levels (DfT, 2003e). The 
International Agency for Research on Cancer (IARC) studies found excesses of lung 
and skin tumours in animals exposed to diesel engine particulates. Diesel engine 
exhaust is classified as probably carcinogenic to humans (Group 2A) and petrol 
engine exhaust as possibly carcinogenic to humans (Group 2B) (IARC, 1989c). 
 
There are areas of the UK where air quality is poorer than in others, as individual 
pollutant levels vary across the country. Air pollutant levels also vary between 
different places in the same area e.g. beside roads (DoH, 2002).   
 
2.8. Noise pollution 
 
2.8.1. Sources of noise pollution 
 
Noise pollution from air and road traffic is underestimated. Noise pollution is 
implicated in a variety of physical disorders and mental illness. People living around 
airports and in close proximity to motorways and main roads are especially at risk 
from noise pollution. 
 
Aviation is a major UK industry, carrying over 180 million passengers a year and 
over 2.1 million tonnes of freight (DfT, 2003e). If we consider Heathrow airport, 
Table 50 shows aircraft movements and noise exposure levels.  
 
Table 50. Aircraft movements and noise exposure from Heathrow Airport 1990-2001 
(DEFRA, 2003a). (Crown copyright material is reproduced with the permission of the 
Controller of HMSO and the Queen’s Printer for Scotland.)  
 
 1990 2001 % change 
Number of aircraft movements 1 362,000 463,000 28% 
Population exposed to 57leq 

2 429,200 240,400 -44% 
Population exposed to 63leq 109,600 54,900 -50% 
Population exposed to 69leq 21,900 6,800 -69% 

 
1 Aircraft movements = takeoffs and landings. 2 The equivalent continuous sound level (Leq) 
is an index of aircraft noise exposure. It is an averaged measure of the equivalent continuous 
sound level over a 16-hour day from 0700 to 2300 hours. 
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Table 50 shows that while aircraft movements rose 28% during the decade to 2001, 
the population exposed to high sound levels fell dramatically, due to quieter aircraft 
engines (DfT, 2003a). 57Leq represents the onset of noise disturbance, 63Leq moderate 
disturbances and 69Leq high disturbances. The table shows that in 2001, there were 
still a quarter of a million people exposed to some noise disturbance from this 
airport alone. Thus aircraft noise still has major health implications and the 
complaints about noise nuisance are increasing (DEFRA, 2003a). 
 
Figure 51 shows that complaints to Local Authorities about aircraft noise have 
increased more than fivefold since 1984/5. Road traffic noise complaints increased 
until 1995/6 then fell back to below 1984/5 levels. Caution must be taken in 
interpreting the air traffic statistics because many complaints about air traffic noise 
may not have been made to local authorities but to the Civil Aviation Authority, 
airports or the Department of Transport. 

Figure 51. Noise complaints per million people for road and air traffic, 1984/5 – 2001/2 in 
the UK (DEFRA, 2003a) (Crown copyright material is reproduced with the permission of the 
Controller of HMSO and the Queen’s Printer for Scotland.)  
 
Air traffic restrictions between the hours of 23.00 and 07.00 can have a favourable 
effect on night-time noise levels. For example, very few people around Luton airport 
were exposed to disturbing levels of air traffic noise in 2001. (DEFRA, 2003a).  
 
2.8.2. Attitudes to noise pollution 
 
A survey carried out by the Building Research establishment in 2000, regarding the 
UK population’s attitude to noise between 1991 and 1999 (National Survey of 
Attitudes to Environmental Noise) shows that the categories of noise people are 
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most affected by are: road traffic, aircraft, neighbours and railways. The survey 
shows that between 1991 and 1999 there was a significant decrease in the proportion 
of respondents affected by road traffic noise, from 61% in 1991 to 56% in 1999, 
whereas there was no significant change in the percentage adversely affected by air 
traffic noise (DEFRA, 2003a). 
 
A sub survey of The UK population shows that 22% of people that heard road traffic 
noise were significantly annoyed or disturbed by road traffic noise and 8% of people 
were extremely annoyed or disturbed by it. Aircraft noise is responsible for 7% of 
the UK population being significantly annoyed or disturbed and 2% of the UK 
population extremely annoyed or disturbed (DEFRA, 2003a). 
 
Table 51 shows the effects of the different types of noise heard, on the UK 
population in 1999/2000. The table shows that road traffic noise interferes with sleep 
or rest in a third of respondents, with a similar proportion affected by aircraft noise. 
More than half of the respondents were irritated, fed up or angry about road traffic, 
and over 70% had similar emotions about aircraft noise, while fewer than 10% felt 
safe or relaxed about either.  
 
Table 51. Attitudes to Noise. Percentage effects of different types of noise heard, UK 
1999/2000 (DEFRA 2003a). (Crown copyright material is reproduced with the permission of 
the Controller of HMSO and the Queen’s Printer for Scotland.) 
 
     percentages
  Noise source: 
Effect of noise: 
    

Road traffic Aircraft Neighbours/other 
people nearby

     
The noise interferes with:    
Sleeping 18 12 18
Resting 15 22 16
Concentrating 12 18 14
Having windows/doors open 19 17 13
Reading or writing 10 15 12
Listening to TV, radio or music 10 18 12
Spending time in the garden 9 21 9
Having a conversation (including phone) 7 18 8
     
Emotional reactions:    
Irritated 30 45 25
Fed up 12 15 12
Angry 11 11 11
Safe 4 3 8
Relaxed 5 3 7
Stressed 6 10 7
Upset 3 7 5
Worried 7 11 3
Frightened 3 10 1
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3. Health effects of travel 
 
As Figure 52 shows, respiratory diseases (including respiratory cancers) are the 
main cause of death in the UK (24% of the total), closely followed by coronary heart 
disease (21%) and non-respiratory cancers (19%) (BTS 2000). Pollution from 
transport can cause or exacerbate all of these types of disease. 
 
In 1998, it was estimated that between 12,000 and 24,000 deaths and between 
14,000 and 24,000 hospital admissions are brought forward by short-term exposure 
to air pollution each year, mainly in urban Great Britain (DoH, 1998). 

 
 

Figure 52. Overall breakdown of deaths by cause, 1999, UK. (BTS 2000) 
 
 
3.1. Respiratory diseases, excluding cancers 
 
3.1.1. Overview 
 
The causal evidence linking transport emissions with respiratory health effects has 
been reviewed in other chapters of this book. However, it is difficult to assess, with 
any accuracy, the proportion of respiratory disease which may be attributed to such 
pollution.  
 
Table 52 shows estimates made in 1998 by DoH, of health effects of short-term 
exposure to PM10, SO2 and ozone (DoH, 1998). The report also stated  
 

“.. in addition to the effects recorded here, it is likely that long-term 
exposure to air pollutants also damages health. At present there are 
insufficient UK data to allow acceptably accurate quantification of these 
effects…” 
 

Other cardlovascular
disease

8%
Stroke
10%

All respiratory disease
24%

Injuries and poisoning
11%

Cancer (excluding
cancers of the respiratory

system)
19%

Digestive diseases
4%

All other causes
11%

Coronary heart disease
21%
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Table 52. Numbers of deaths and hospital admissions for respiratory diseases affected per 
year by PM10 and sulphur dioxide in urban areas of the UK, together with the numbers of 
deaths and hospital admissions for respiratory diseases affected per year by ozone in both 
urban and rural areas of the UK during summer only (DoH, 1998). 
 

Pollutant Health outcome UK Urban 
PM10 Deaths brought forward (all cause) 

 
Hospital admissions (respiratory) 
brought forward and additional 

8100 
 

10500 

SO2 Deaths brought forward (all cause) 
 

Hospital admissions (respiratory) 
brought forward and additional 

3500 
 

3500 

 
Pollutant 

 
Health outcome 

UK 
threshold= 

50 ppb  
(urban and 

rural) 

UK 
threshold= 

0 ppb  
(urban and 

rural) 
Ozone Deaths brought forward (all causes) 

 
Hospital admissions (respiratory) 
brought forward and additional 

700 
 

500 

12500 
 

9900 

• Estimated total deaths occurring in urban areas of UK per year = c430,000 
• Estimated total admissions to hospital for respiratory diseases occurring in urban 

areas of GB per year = c530,000 
 
 

The British Thoracic Society published a report, (BTS, 2000), which gave a 
thorough and well-referenced review of the occurrence of respiratory disease in the 
UK, mainly using data from 1999. The foreword bluntly states: 
 

“respiratory disease now kills more people [in the UK] than coronary 
heart disease - that is one in four people in the UK. … it is the most 
common long-term illness among children, the most common illness 
responsible for an emergency admission to hospital, and costs the NHS 
more than any other disease area.” 
 

The main points from the summary from this report follow (BTS, 2000). Respiratory 
cancer details have been omitted, as this is dealt with in section 3.4. 
 
 
3.1.2. Mortality, 1999. 
 

• In 1999, respiratory disease caused over 153,000 deaths: around 74,000 
deaths in men and 79,000 in women.  

• Diseases of the respiratory system are the cause of one in four deaths in the 
UK. More people die from respiratory disease in the UK than from 
coronary heart disease or cancer. 
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• Data from the World Health Organization shows that death rates from 
diseases of the respiratory system in the UK are well above the European 
average and around twice the European Union (EU) average.  

• 44% of all deaths from respiratory disease are associated with social class 
inequalities. 

 (BTS, 2000). 
 
3.1.3. Disease levels, 1999 
 

• The most commonly reported long-term illnesses in children are conditions 
of the respiratory system. 

• Lung cancer is one of the most common cancers. See section 3.4 for details. 
(BTS, 2000). 
 
 
3.1.4.  Treatment, 1999 
 

• Respiratory disease is the most common illness responsible for an 
emergency admission to hospital. 

• Respiratory disease is the most common reason to visit the GP – almost a 
third of people will visit their GP at least once a year because of a 
respiratory condition. 

• Cases of chronic obstructive lung disease and pneumonia (including acute 
lower respiratory infections) take up more than 2,800,000 hospital bed days 
a year. 

(BTS, 2000). 
 

3.1.5. Costs 
 

• Respiratory disease costs the UK National Health Service (NHS) more than 
any other disease area, amounting to £2,576 million (€3,830 million) in 
2000 (BTS, 2000). 

• The average cost for all ages for a respiratory hospital admission was 
£1,400 (€2,081) in 1999. Other NHS costs are likely but there is limited 
information on this (DoH, 1999a). 

 
3.1.6. Comparison to other countries, 1999 
 

• The gap between the UK and other countries of the EU is particularly 
marked for women: females in Germany and France have death rates from 
respiratory disease around one-third the level of those found in the UK. 

• WHO trend data show that between 1970 and 1997 death rates from 
respiratory disease fell by a third (32%) in the UK compared to bigger falls 
in Europe (46%) and the EU (44%).  

 (BTS 2000). 
 



J.A. NEWBY AND V.A. MOUNTFORD 
 

 

256

3.1.7. Prevalence of respiratory symptoms and asthma 
 
The Health Survey for England collected data on the prevalence of respiratory 
symptoms and doctor-diagnosed asthma in adults and children in England in 1995/6. 
At that time (BTS, 2000): 

• Overall, around one third of adults (35% of men and 31% of women) and 
28% of children aged 2-15 years (31% of boys and 26% of girls) had a 
history of wheezing.  

• A fifth (21%) of adults and 18% of children had wheezed in the last twelve 
months.  

• Just over one in ten adults (11% of men and 12% of women) and one fifth 
of children (23% of boys and 18% of girls) had doctor-diagnosed asthma.  

• The prevalence of doctor-diagnosed asthma was higher in men than women 
and decreases with age in both sexes. 

• In England, the prevalence of wheeze in adults increased from 16% in 1991 
to 21% in 1995/96, an increase of around one third. 

 
A number of studies in children suggest the prevalence of both wheeze and asthma 
have increased considerably during the past 25 years. Morbidity statistics from 
General Practice support this, showing that the proportion of children under five 
who are consulting their GP for asthma more than doubled during the 1980s. As 
asthma levels are generally increasing, especially in children, the current situation is 
likely to be rather worse.  
 
3.2. Accidents 
 
3.2.1. UK overview for 1999 
 
The introduction to the White Paper “Our Healthier Nation” quotes the following 
statistics for 1999 (OHN, 1999):  

• Accidents are responsible for 10,000 deaths a year across England.  
• They are the greatest single life threat to children and young people.  
• Accidents, particularly falls, are a major cause of death and disability in 

older people.  
• Children from poorer backgrounds are more likely to die as the result of an 

accident than those from better off families. 
 
3.2.2. Government policy regarding traffic accidents: 
 
In 1987, a UK target was set to reduce road casualties by one-third by 2000 
compared with the 1981-85 baseline average. Pedestrians were set a higher target of 
reducing fatalities by 35% and serious injuries by 40%.  
 
By 2000, road deaths had fallen by 39% and serious injuries by 45%. Towner 
reported in 2002 that overall child pedestrian deaths had fallen by 63% from the 
baseline average and overall child casualties by 30%. However, there had not been 
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any such steep decline in the number of accidents, nor in the number of slight 
injuries. Over this period, traffic increased by 54% (DETR, 2000; Towner, 2002). 
 
In ‘Tomorrow’s Roads – Safer for Everyone’, the Government set road traffic 
casualty targets in 2000 (DETR 2000). The following targets to be attained by 2010 
were set with respect to a baseline of 1994-1995: 

• 40% reduction in the number of people killed or seriously injured (KSI) in 
road accidents. 

• 50% reduction in the number of children (less than 16 years of age) killed 
or seriously injured. 

• 10% reduction in slight casualty rate, expressed as the number of people 
slightly injured. 

 
In October 2002, a cross-government taskforce report ‘Preventing Accidental Injury 
- Priorities for Action’, was launched (DoH, 2002). The Task Force adopted two 
population groups for priority attention. These are children and young adults, and 
older people.  
 
The Task Force stated that the second highest burden of injury is from road 
accidents. They decided that the intervention areas which have the scope to make the 
biggest impact on road accidents in the short-term are:  

• 20mph speed limits in areas of higher pedestrian activity 
• Local child pedestrian training schemes and safe travel plans 
• Systematic road safety intervention in inner city areas 
• Advice and assessment programmes for elderly car drivers 

 
3.2.3. Accidents arising from transport use 
 
In 2000, around 3,500 people were killed every year on Britain’s roads and 40,000 
were seriously injured. In total, there were over 300,000 road casualties, in nearly 
240,000 accidents, and about fifteen times that number of non-injury incidents 
(DETR 2000). 
 
In terms of distance travelled, a pedestrian is roughly nineteen times more likely to 
be killed in a road accident than a car occupant is, and over 150 times more likely 
than a bus or coach passenger is (DETR 2000). 
 
The following statistics, in Table 53, reveal the pattern of accidental death or injury 
by mode of transport: 

• As Table 53 shows, more than half of all passengers/driver deaths per 
billion passenger kilometres occurred on two wheeled motor vehicles 
(mainly motor bikes), a quarter were pedestrians, and nearly a fifth were 
cyclists. Passenger death rates were low for travel by air, water (on 
merchant vessels), rail, bus or coach. 

• Drivers & passengers killed or seriously injured (KSI) per billion passenger 
km, for the same decade, show a similar pattern. 
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• Considering deaths and all injuries, including lesser injuries; this shows a 
slightly different pattern, with pedal cyclists joining motor cycle 
drivers/passengers as the most accident-prone. 

 
Table 53. Average annual passenger casualty rate per billion passenger kilometres, averaged 
for the decade 1991-2001. Data adapted from (DfT, 2003c).  
 

Per billion passenger 
kilometres 

Deaths  (% of total) 
 

Killed or 
Seriously 

Injured (KSI) 

Deaths & all 
injuries, incl. 

lesser 
injuries 

Passengers 211 (2.1% of total accidental 
deaths) 

3056 3056+ 11,200 

Of these: (% of total passenger/driver 
deaths) 

  

Motor bikes etc 109 (51.3%) 1490 (48.7%) 5578 (39.0%) 
Pedestrians 57 (26.8%) 633 (20.7%) 2553 (17.9%) 
Pedal cycles 41 (19.4%) 821 (26.9%) 5465 (38.2%) 
Car (include drivers) 3.0 (1.4%) 39 (1.3%) 346 (2.4%), 
Van 1.2 (0.6%) 16 (0.5%) 121 (0.8%), 
Bus/Coach <1 14 (0.4%) 197 (1.4%), 
Rail1 <1 ? ? 
Air <1 0.1 (0%) 0.07 (0%). 
Water (merchant 
vessels) 

<1 43 (1.4%) ? 

1 Reporting of rail injuries changed mid-decade, making comparisons difficult. 
 

 
3.2.4. Accidents to older people 
 
Older people have a higher rate of accidental injury resulting in hospitalisation or 
death than any other age group. For both sexes, the age-specific death and admission 
rates for injury increase ‘exponentially’ with increasing age for women over 55 and 
men over 65. (DoH 2001). 
 
Road traffic accidents cause 13% of all fatal injuries amongst older people. 
Transport accidents account for 3% of admissions to hospital for serious accidental 
injury for people aged 65 and over. Of pedestrians aged 60yrs or older, 5,832 were 
road accident casualties in 2000 (DoH, 2002). 
 
3.2.5. Accidents to children 
 
Injury is the leading cause of child death in England and Wales. In the period 1998–
2000 in England, 1003 children aged 0–14 years died as a result of accidental injury, 
of whom 287 were pedestrians, representing just over half of all road deaths in 
children.  
 
In 2000, there were 320,283 road accident casualties in Great Britain, of whom 
16,184 (5%) were child pedestrians (DoH, 2002). 
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There are steep social gradients (children in social class V are five times more likely 
to die from a pedestrian injury compared to children in social class I). There is also 
evidence of social gradients for non-fatal child pedestrian injuries. A range of 
evidence-based interventions including area-wide engineering measures, slowing 
vehicle speeds, education and enforcement aimed at vehicle drivers, education 
aimed at parents and children and child pedestrian skills training are available 
(Towner, 2002). 
 
In the three-year period 1997-1999, the leading causes of unintentional injury deaths 
in childhood were motor vehicle traffic accidents (46%), with pedestrian deaths 
accounting for half of these (Towner, 2002). 
 
Table 54. Accidental child road transport deaths aged 0-14, in 1999 in England and Wales. 
Source data adapted from Towner, 2002, who took it from ONS mortality statistics 1999. 
 

 1999 
Boys  

(aged 0-14) 

1999 
Girls  

(aged 0-14) 

1999 
Total 

(Boys + Girls) 
Total accidental deaths (all causes) 220 127 347,  0 
Deaths from motor vehicle accidents 95 58 153,  0 
Pedestrian deaths 47 26 73,  0 
Cyclist deaths 24 2 26,  0 
Passenger deaths (in motor vehicles) 8 12 20,  0 

 
Table 54 shows child transport death statistics for 1999. In 2000, there were 99 
deaths of child pedestrians, with 2,921 seriously injured and 12,031 slightly injured 
(Towner, 2002). 

 
There are relatively few cycle deaths in childhood but a large number of non-fatal 
injuries. Various measures are available to minimise these, including the promotion 
of bicycle helmets through educational and legislative approaches, engineering 
measures to separate cycles from other vehicles, reducing vehicle speeds and bicycle 
skills training. 
 
The UK Accidental Injury Task Force noted that strategies to promote increased use 
of both walking and cycling were important but that these could increase children’s 
exposure to injury risk. The injury priority areas needed to pay particular attention to 
increasing walking and cycling by providing safe environments in which these could 
be achieved (Towner, 2002). 
 
3.3. Health effects of noise pollution 
 
3.3.1. Overview 
 
Public perception of noise as a form of pollution from road traffic and air traffic is 
usually hidden under concerns about air and water pollution from industry, power 
production and transport. A survey carried out for DEFRA in 2001 titled “Public 
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Attitudes to Quality of life and to the Environment” recorded the public’s attitude to 
20 environmental issues. When asked about “pollution issues,” respondents did not 
mention noise pollution as a major concern. When asked about “local issues,” 
respondents (22%) did mention noise as a concern; however, noise pollution was the 
least important of the local issues (DEFRA, 2003c). 
 
The World Health Organisation (WHO) has identified the following health risks of 
noise pollution: 

• hearing impairment including tinnitus;  
• pain and hearing fatigue (auditory effects);  
• sleep disturbance: segregation of stress hormones;  
• cardiovascular effects;  
• reduced performance at work or school;  
• interference with speech communication;  
• interferences with social behaviour (aggressiveness, protest and 

helpfulness); 
• annoyance (non-auditory effects). 

(WHO, 2003). 
 
The WHO programme on noise and health is studying the effects of noise in a dose-
effect perspective, and is identifying the most vulnerable groups of people. 
Moreover, the programme is studying long-term night exposure to noise and its 
effect on health, especially long-term sleep disturbance and cardiovascular 
problems.  
 
3.3.2. Exposure-effect relationships 
 
Different levels of noise pollution induce different health effects. For sleep 
disturbance, which is one of the most serious effects of environmental noise, 
exposure-response curves exist for awakenings in a laboratory setting and self-
assessment questionnaires (WHO, 2003). Exposure-response curves can also be 
drawn for annoyance and loss of productivity in adults. Ambient noise affects 
memory recall and reading in children, although more evidence is needed to 
establish exposure-response relationships (WHO, 2003). Figure 53 shows the 
relationship between LAmax values (a measure of maximum sound levels) of Road 
traffic and aircraft noise and the probability of sleep disturbance, i.e. chance of 
awakening (Muzet, 2003). 
 
Sleep disturbance can have a profound effect on an individual’s health and quality of 
life. WHO guidelines say that for good sleep, sound levels of about 45 dB LAmax 
should not occur more than 10-15 times per night. Sleep disturbance can be 
measured objectively in a laboratory environment by a number of techniques. 
Subjective measuring such as interviewing can be used in such a way as to ascertain 
next day effects (Muzet, 2001). An individual waking in the early part of the night or 
just before the usual wakening time feels the most annoyance, suffers excessive 
daytime fatigue, is at a higher risk of accidents and has low work capacity (Muzet, 
2001). 
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Figure 53. Relationship between LAmax values of road traffic and aircraft noises and the 
probability of awakening. Source: WHO taken from Hofman (1994 ) cited by Muzet (2003). 
 
 
Road traffic noise is at a level which is detrimental to health, despite the number of 
complaints about road traffic noise having returned down to 1985 levels (see Figure 
51). However, the effects of aircraft noise are better documented, perhaps indicating 
that this is perceived as being more of a problem. 
 
Complaints about aircraft noise have risen over the last decade, see Figure 51. Thus, 
it is unsurprising that the highest numbers of complaints of sleep disturbance and 
annoyance come from people living around airports (WHO, 2003). Prescriptions of 
drugs are also higher around major airports (Muzet, 2001). Figure 54 is a photograph 
(taken during noise measurement) of a Boeing 747 Jumbo jet coming into land at 
Heathrow airport. The picture clearly shows the impact of having to experience 
aircraft landing nearby every two or three minutes throughout the day. 
 
A cross-sectional study by Smith and colleagues looked at a possible association 
between aircraft noise and mental heath. Volunteers living in high and low aircraft 
noise areas around Manchester, East Midlands, Heathrow and Coventry answered 
questionnaires. The authors concluded that sleep disturbance due to aircraft noise 
was associated with mental health problems and other general health problems, but 
they warn that this may not be evidence of a causal relationship (Smith et al., 2002). 
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Figure 54. Noise measurement of a Boeing 747-400 arriving at Heathrow. Taken from 
Aircraft Noise Monitoring Homepage, Civil Aviation Authority (CAA, 2003). 
 
 
3.3.3. Effects of noise on children 
 
Children are one vulnerable group of people on whom noise has a profound effect. 
One study, on noise pollution and its effects on the cognitive performance of 
primary school children, found that average noise levels outside primary schools in 
all London boroughs exceeded the WHO guideline value for school playgrounds of 
55dB. Road traffic noise was the predominant source of noise and aircraft noise was 
common. The average daily exposure of children in this study was 72db. Analysis of 
the Standard Assessment Tests (SATs) results indicated that chronic noise has a 
negative impact on children’s academic performance. The children also reported that 
they were aware of, and annoyed by, environmental noise (Shield and Dockrell, 
2002). 
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Another study, on West London schoolchildren (Stansfield et al., 2003) confirmed 
most of the results from similar studies. Aircraft noise: 

• is associated with impaired reading and annoyance; 
• is weakly associated with hyperactivity and psychological morbidity; 
• is associated with annoyance in parents and teachers. 

 
However, Aircraft noise: 

• was not associated with poorer performance of memory, sustained attention 
or overall reading score. 

• was not associated with perceived stress, stressful life events, nor raised 
catecholamine or cortisol secretion. 

(Stansfield et al., 2003). These last two findings were not consistent with other 
studies on West London Schools. 

 
 

3.4. The effect of motorised traffic on cancer incidence 
 
Cancer places an immense burden on the UK National Health Service. The cost of 
cancer care in the UK is £1,500,000,000 (€2,098,650,000) per annum (DoH, 1999). 
A government programme called the UK Cancer Plan sets out to achieve a reduction 
in the mortality rate of at least 20% by 2010. The latest figures show a 10.3% fall in 
death rates for cancer, so the plan is currently on track (DoH, 2003). However, 
cancer incidence rates are rising. At least one in three people in the UK will get 
cancer and at least one in four of the UK population will die from malignant disease 
(DoH, 2003; ONS, 2003c; Cancer Research UK, 2003). The UK government is 
spending an extra £570,000,000 (€797,487,000) on cancer services in 2003/4, which 
includes funding for cancer prevention measures mainly focused on smoking 
cessation, and diet (DoH, 2003). The problem of road traffic emissions, which are 
implicated in the aetiology of some cancers, is not addressed in the UK Cancer Plan. 
 
Fuel and exhaust emissions from motorised forms of transport contain some cancer 
causing substances (carcinogens). The International Agency for research on Cancer 
(IARC) classifies all carcinogens into one of the groups shown in Table 55.  

 
Table 55. Simplified IARC classification of carcinogens (IARC, 2000). 

 
Group 1 Known human carcinogen  
Group 2A Probable human carcinogen  
Group 2B Possible human carcinogen  
Group 3 Not classifiable as to human carcinogenicity  
Group 4 Probably not carcinogenic to humans 

 
The carcinogens emitted by motorised transport fall into several of these categories, 
as shown in Table 56.   
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Table 56. Source, classification and target sites, of the main carcinogenic materials from 
motorised transport.  
 

Substance Source of 
Carcinogen 

Cancer Site Carcinogen 
Group 
/Class 

Source: 

Benzene 
 

Evaporation 
from and 

combustion of 
petrol 

(gasoline) 

Leukaemia Group 1 (IARC, 1989a; 
NAEI, 2002a) 

1,3-butadiene 
 

By-product of 
petrol 

combustion 

Leukaemia, 
lymphomas 

Group 2a (IARC, 1999;  
NAEI, 2003c) 

Benzo[a]pyrene 
(B[a]P) 

 

Incomplete 
combustion of 

fuel 

Lung, skin Group 2a (IARC, 1983; 
NAEI, 2003c) 

Benz[a]anthracine 
 

Incomplete 
combustion of 

fuel 

Lung, skin Group 2a (IARC, 1983;  
NAEI, 2003c) 

Diesel engine 
particulate matter 

 

Incomplete 
combustion of 

fuel 

Lung, bladder, 
leukaemia, 
Testes, skin 

Group 2a (IARC, 1989c) 

Petrol engine 
particulate matter 

 

Incomplete 
combustion of 

fuel 

Lung, bladder Group 2b (IARC, 1989c) 

Petrol (gasoline) 
 

Occupational 
exposure 

 Group 3 (IARC, 1989b) 

Diesel Fuel 
 

Occupational 
exposure 

Lung Group 2b (IARC, 1989b) 

Marine diesel 
 

Occupational 
exposure 

Lung Group 2b (IARC, 1989b) 

Jet fuel 
 

Occupational 
exposure 

 Group 3 (IARC, 1989b) 

 
Exposure to carcinogens attributable to motorised transport can be via occupational 
exposure or from inhalation of polluted air. The latest world cancer report from the 
IARC estimates that between 1% and 4% of cancers can be accounted for by air 
pollution and up to 5% of lung cancers can be attributed to engine exhaust products. 
In recent years in developed countries, combustion engine exhaust emissions have 
contained fewer harmful substances because of the introduction of the catalytic 
converter. However, this is not the case in developing countries, where engine 
exhaust emissions will probably be a major public health concern in the future 
(Stewart and Kleihues, 2003). 
 
Occupational exposure to carcinogens associated with mobility is mainly through 
contact with diesel and possibly petrol. People with occupations involving diesel 
production, storage, distribution and use, as well as occupations involving 
maintenance of diesel engines, are at risk of exposure through the skin and by 
inhalation. Occupational exposure to petrol occurs in a similar way (IARC, 1989b). 
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Petrol may contain 0-7%, typically 2-3%, benzene (IARC, 1989b), which causes 
leukaemia. However, exposure is not just limited to the work place. Benzene 
contributes to poor air quality and therefore people have little or no control over 
their exposure. Other constituents of vehicle exhaust emissions, such as 1,3-
butadiene, Benzo[a]pyrene, Benz[a]anthracine, diesel engine particulate matter and 
petrol engine particulate matter also contribute to poor air quality and the public 
again have very little control over their exposure to these carcinogens.   
 
Ultrafine particles from engine exhausts (PM2.5) may be particularly damaging. 
Animal and cell culture studies show ultrafine particles cause oxidative stress and 
inflammation in lung tissue (Vrang et al., 2002). In the UK, little monitoring of the 
mass or size of particulates per unit volume of air (gravimetric concentration) is 
undertaken (DoH, 2000b). 
 
If we consider cancer risk in the UK from road traffic emissions, the DoH states: 
 

“the available evidence strongly suggests that the risks associated with the 
levels found in the air in the UK are exceedingly small - that is, they are so 
small that they cannot be measured with any accuracy.” (DoH, 2002).  
 

However, other studies have quantified cancer risk from road traffic exhaust 
emissions (Raaschou-Nielsen et al., 2001; Nyberg et al., 2000; Harrison et al., 
1999).   
 
Figure 55 shows the ten most common forms of cancer in the UK (Cancer Research 
UK, 2003). The chart shows lung cancer as 14% of the total.   
 

 
 
Figure 55. Pie chart showing the ten most common cancers diagnosed in the UK, excluding 
non-malignant melanoma (Cancer Research UK, 2003). 
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Figure 56 shows that in the UK, the trend for lung cancer cases for males is 
decreasing, whereas for females it has steadily increased between 1971 and 1999, 
though the increase has now slowed considerably (ONS, 2003d).   
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Figure 56. Lung cancer cases (all ages) in the UK, 1971-1999 (ONS, 2003d). 
 
In 1999, there were around 23,500 cases of lung cancer in males, making it the 
second most common type. In females, there were around 14,700 cases, making it 
the third most common type. Survival rates for lung cancer are low. In both men and 
women, the one-year survival rate is 20% and the five-year survival rate is 5%. The 
only common cancer with lower survival rates in the UK is cancer of the pancreas 
(Cancer Research UK, 2003). 
 
Do people, especially children, living in areas of high traffic density have an 
increased risk of cancer because of poor air quality? Not according to a study in 
California, that found no association between areas of high traffic density and 
childhood cancers (Reynolds et al., 2002). However, studies in the UK, Denmark 
and Sweden, have found a small association between high traffic density and 
childhood cancer. 
 
A study in Denmark, which looked at childhood exposure to high traffic density 
during childhood and pregnancy, found no association between high traffic density 
and childhood leukaemia, central nervous system tumours (CNS) and non-
Hodgkin’s lymphomas, even at the highest traffic density (exposure to >10,000 
vehicles per day). NO2 and benzene levels were calculated as markers of air 
pollution during the relevant period. The study found that there was an association 
between exposure in utero to increasing levels of NO2 and benzene and Hodgkin’s 
lymphoma. For a doubling of benzene and NO2 concentration, there was an 
increased risk of 25% and 51% respectively for Hodgkin’s lymphoma. This suggests 
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a possible causal relationship (Raaschou-Nielsen et al., 2001). The results for 
childhood leukaemia and CNS tumours in this study conflict with results from other 
studies. 
 
A study in the West Midlands, UK, investigated whether there was an excess of 
childhood leukaemia in children living in close proximity to main roads and petrol 
stations. This study concluded that there is a small increase in risk for leukaemia but 
that further studies are required to establish the true risk. This study found no 
increased risk for solid tumours. The slightly increased risk of leukaemia was found 
in children living within 100m of a main road or a petrol station. It must be stressed 
that these results were not high enough to be statistically significant (Harrison, 
1999). These results were consistent with an earlier case-referent study by Feychting 
et al., carried out in Sweden (Feychting et al., 1998). 
 
If lung cancer is considered, the risk of developing lung cancer following exposure 
to city centre air pollution may be related to the distance from the source of the 
pollution. Biggeri and colleagues used a model based on distance from the source, 
which enabled estimation of risk gradients. They found that lung cancer was highly 
related to the city centre: relative risk at zero distance was 2.2 and there was a 
smooth decrease as distance from the source increased. The authors concluded that 
air pollution is a moderate risk factor of lung cancer (Biggeri et al., 1996). 
 
In a presentation reviewing the evidence for the links between transport pollution 
and cancer, Sasco (2003) concluded:  
 

“there is an association between lung cancer in adults and some childhood 
tumours and air pollution, including but not limited to [that] coming from 
road traffic.” 

 
Figure 57 reviews ten studies on the relative risk of lung cancer and exposure to 
diesel exhaust in railroad workers, all of which demonstrate a slightly increased 
occupational risk, although not all show a significant relative risk. 
 
There are many confounding factors such as tobacco smoking, socioeconomic 
status, residential radon, and occupational exposures to be taken into account when 
considering the impact of road traffic emissions on cancer incidence. However, the 
available evidence seems to suggest that certain substances in exhaust emissions 
contribute to ambient carcinogens and to an increased cancer risk, especially to 
vulnerable groups of people such as children.  
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Figure 57

 
4. Conclusions 
 
UK citizens pay high environmental, health and economic costs for, in the main, 
inefficient modes of travel. It is the most vulnerable UK citizens who bear the brunt 
of transport-related health problems, namely children and the elderly. 
 
The UK addiction to car travel leads to a heavy price to pay in terms of pollution-
related health costs as well as the contribution to global warming and other 
environmental degradation such as acid rain. Unfortunately, privatisation of rail and 
bus transport over the past decade is making it difficult to implement national or 
local strategies to ensure sufficient frequent reliable public transport – a prerequisite 
to persuading people out of their cars. Attempts are being made to redress years of 
underinvestment in the rail infrastructure.  
 
In addition, the current government initially set out a transport plan which aimed to 
minimise new road building and reduce road travel, but lobbying caused a change in 
policy, reverting to attempting to solve traffic jams by building more roads, despite 
evidence that better roads generate more traffic, and hence more pollution. 
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More funding needs to be made available to local government, to safeguard and 
improve public transport where possible and to extend initiatives such as “Safe 
routes to school”. This is one of various projects aimed at making cycling and 
walking more attractive and safe options. These should be encouraged and extended, 
together with more provision for safe use of buses and trains, especially for women 
at night. Physical activity such as walking and cycling should be encouraged from 
an early age and the health benefits of such activity should be publicised. 
 
The UK seems to be meeting the majority of its own and European health objectives 
for CO2 emissions and for other emissions that affect air quality. Further UK 
government-funded research is needed, to investigate the role of air pollution in the 
aetiology of cancer. 
 
Noise is detrimental to health and noise reduction measures should be put in place in 
homes and schools near airports and traffic-dense areas. 
 

Box 7. Example of best practice: Oxford Transport Strategy (OTS), Oxford, England. 
 
 

Aims 
To achieve significant environmental improvements, by improving air pollution and the 
ease of movement around the main streets in Oxford city centre, whilst catering for the 
increasing growth in demand for travel and allowing continued growth of the city centre 
economy. 
 
Methods 
Implement measures to reduce traffic in Oxford city centre, by promoting a shift from 
private car usage to more trips being made by bus, cycle and on foot. 
 
History of the project 
1992 - 1993 Consultant’s study, including extensive public consultation, studied the 

increasingly poor conditions in the city centre, particularly for 
pedestrians; the high level of traffic-related air pollution; the 
unacceptably high level of road accidents 

1993 - 1999 Implementation of preliminary measures, including expansion of park 
and ride facilities; bus priority measures; capacity enhancements on the 
ring road; development of the cycle network. 

1999 Implementation of key access restrictions to the city centre, including:  
selective increase in pedestrianisation; traffic restrictions to the main 
shopping streets; a bus priority route around the central area. 

1996 - 2001 The EMITS study monitored traffic flows, economic vitality, air quality, 
public health, building stone erosion and public opinion, giving data 
from before and after OTS 

(OTS, 2000; Parkhurst, 2001). 
 
Health monitoring - Summary as at June 2003 
 
The health arm of the EMITS study aimed to assess the impact of OTS on the health of 
Oxford residents, by monitoring three health outcomes before and after the OTS 
implementation: 
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•  Assessing changes in children’s respiratory health,
•  Assessing older adults’ and parents’ views on health issues before and after

OTS,
•  Assessing routine hospital admissions and mortality data for cardio-respiratory

causes.
Health monitoring details were kindly provided by Dr Stephanie MacNeill, as final
analysis is still ongoing prior to publication (MacNeill, 2003).

1. Children’s health
Between 1998 and 2000, the respiratory health of 1389 children from seven Oxford
primary schools was monitored though several multi-day visits per year:

•  By peak expiratory flow (PEF);
•  By questioning on self-reported symptoms of cough, wheeze, and runny nose;
•  By parental questionnaires covering the child’s medical history, exposures in

the home (damp, cooking smoke and pets), and socio-economic and ethnic
background.

This data is currently being analysed
•  To assess differences in health outcomes before and after the implementation of

OTS
•  To determine whether local pollution levels have had an impact on children’s

respiratory health.
Results so far suggest that lung function improved slightly post-OTS, with a small but
statistically significant increase in peak flows after controlling for potential confounding
variables, and a statistically significant reduction in self-reported wheeze post-OTS.

2. Older adults and younger parents
The health and attitude to traffic related issues, of adults aged 65 years and older, was
assessed before and after OTS through postal surveys, using a questionnaire enquiring on
their respiratory health, and also through focus groups with a subset of the survey
participants.

After the implementation of OTS, focus groups were also run with the parents of children
participating in the study, to get the views of younger adults.

Discussion
Older adults: Those with pre-existing illnesses were more susceptible to traffic fumes. Air
quality concerns concentrated on fumes (especially diesel) in the city centre, rather than
noise or local air quality. More reported an improvement than deterioration in air quality
post-OTS. However, air quality was regarded as less important to health than other traffic-
related issues such as ‘access’, including issues of mobility, movement around the areas
where people live, the accessibility of important amenities and safety. Concerns were
raised about post-OTS ease of access, particularly to areas such as the bus station and
railway station.

Bus services in the city were praised by the elderly; but criticised for their cost and
extensiveness by the parents of young children.

Both older and younger age groups were concerned about the ‘piecemeal nature’ of the
OTS. The younger group would have preferred a fully integrated transport system. Older
people would find movement around Oxford much easier, more comfortable and less
worrying if there were more and safer pedestrian crossings, without cyclists on the
pavements, with easier access to the bus station and with more suitable seating.
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3. Assessing cardio-respiratory data. 
 
Routine hospital admissions and mortality data for cardio-respiratory causes between 
1998 and 2000 were collected from the Oxfordshire Health Authority. These series were 
then matched with city-wide pollution levels and meteorological data. The data are 
currently being analysed to assess whether short-term fluctuations in air pollution have 
had a significant impact on daily health outcomes. (MacNeill, 2003). 
 
Results – traffic and pollution statistics. 
Traffic statistics in the first 6 – 12 months after implementation showed: 

• 20% reduction in traffic flows in central area, primarily by stopping through 
traffic 

• 7% increase in park and ride bus usage 
• 8 – 9% increase in bus passenger numbers, equating to approx. 2000 extra trips 

per day. 
• 14% fewer cars parked in central area car parks 
• No increase in traffic in other central area streets, i.e. no displacement of traffic. 
• An increase in the number of people going into the centre area. Pedestrian 

surveys showed central area flows increased by 6000 people, including 8.5% 
more pedestrians on main shopping streets. 

• Cycle flows were largely unchanged, although there has been a transfer to 
parallel (off main road) cycle routes. Nationally, Oxford still has one of the 
highest levels of cycling, with journey to work by cycle at 17%  

• No significant change in accident levels in this short period. 
• Broad improvement in air quality especially for carbon monoxide, with 75% 

improvement in one street. Particulate matter reduced by 20% on one shopping 
street which was closed to all traffic. Most sites showed reductions in nitrogen 
dioxide levels. 

• The vacancy rate for retail units remained under 1%, while the sample of 9 
retailers continuously monitored showed a decline in turnover, continuing a 
nationwide trend which had started in 1998, a year before the traffic changes. 

• Modal split after implementation:  Person trips: 39% by car; 44% by bus; 11% 
by cycle. 

• Inner cordon vehicle composition: 44% Public service vehicle; 39% cars & 
taxis; 11% cycles; 4% light goods vehicles; 1% heavy goods vehicle; 1% 
motorcycle. 

Monitoring was still ongoing, but further results were not available at the time of writing 
(OTS, 2000; Parkhurst, 2001). 
 
Results – health effects 

• Primary schoolchildren’s lung function generally improved slightly, post-OTS.  
• The majority of surveyed older adults felt that air pollution had reduced but 

many felt that access to some areas was more of a concern.  
• Analyses of cardio-respiratory data are ongoing.  

(MacNeill, 2003). 
 
Conclusions 
The desired aims of traffic reduction and improved air quality, whilst allowing increased 
travel in the city centre, appear to have been successful. Much of the assessment of health 
effects is ongoing, but those results so far available appear encouraging, though problems 
of access for the elderly may require further action. 
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Summary 
 
Contemporary mobility patterns necessitate a large use of resources and create 
considerable levels of pollution, both during the manufacture, utilisation and final 
disposal phases of motorised vehicle life cycles.  
 
Widely studied air pollutants from exhausts, including particles, cause cardio-
pulmonary problems and cancer. Noise is associated with annoyance, sleep 
disturbance and impairment of learning functions. Moreover, motorised vehicles 
contribute to a sedentary lifestyle. Sedentarism increases the risk of cardio-vascular 
problems, diabetes and obesity. 
 
Most of the population is exposed to traffic-related noise and pollution, at levels that 
cause the above-mentioned effects. This is not only responsible for an important 
public health problem but also makes current mobility patterns the most important 
single source of environmental health problems in the European Union.  
 
To ameliorate this situation, an integrated environmental health policy targeted at 
mobility is urgently required. This policy should include technical emission 
reduction measures in association with urban planning initiatives favouring the 
promotion of pedestrianisation and cycling. Reduction of car use and replacement 
with inexpensive or free public transport could be realised most effectively through 
pricing schemes and other fiscal measures. Awareness raising and education should 
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be targeted towards a more physically active lifestyle and the establishment of a 
societal acceptance of such an integrated policy. 
 
In contrast to many environmental pollution policies, this approach to mobility-
related health effects would bring some immediate benefits as well as longer term 
improvements in health and environment. 
 
 
1. Introduction 
 
Modern society relies upon the mobility of its citizens for its normal functioning. 
However, it is clear from the information contained in this book that the ability to 
travel freely does not come about without consequences for health. These latter are 
closely related to the way the environment is used to allow current mobility patterns.  
 
Global passenger car production not only reaches new record numbers year after 
year (Worldwatch Institute, 2001); during their production phase, cars, buses, planes 
and trains use high levels of resources, in terms of materials and energy. It has been 
estimated that approximately 10 per cent of the total energy consumption for a 
typical car will be used in its manufacture (ILEA, 1998). Moreover, airports, railway 
tracks and roads occupy increasing amounts of land and require large volumes of 
materials for their construction. 
 
During the operation of these modes of transport, varying levels of energy use are 
required. The motorcar is an extreme case. A technological system that requires a 
ton of metal and plastic in order to move one person (weighing less than 100 kg) a 
couple of kilometers on a journey (to work or to take children to school) is grossly 
inefficient.  
 
The waste production associated with the whole life-cycle of vehicle production and 
use is massive. The average car weighs about 1.14 tonnes. Most of it is steel, though 
increasing amounts of plastics are being used. However, during its production and 
utilisation, each car produces 25 tonnes of waste (UPI, 1999).  
 
Mobility also results in health effects caused by the resource drivers required to 
produce and use energy and raw materials. Among these are oil extraction and its 
transport. Oil is, and will remain for the forseeable future, the primary energy 
resource for transport throughout the world. The world is now using over 60 million 
barrels of oil a day. Over the next two decades, most of the growth in the demand for 
oil will come from the transport sector, where high rates of growth are expected 
(IEA, 2001). A full materials analysis should also include the consequences of 
extracting and transporting crude oil. Accidents during the transportation of oil by 
sea occur frequently and have major ecological impacts. They threaten human health 
through the contamination of the food chain. On average, 25 per cent of the oil 
entering the sea through marine transportation activities arises from oil spills. The 
other 75 per cent is the result of discharges made by routine operations on ships 
(Göttinger, 2001). UPI (1999) calculated that the oil pollution of the oceans by 
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accidental spillage plus routine washing out of tanks at sea amounts to 13 litres of 
crude oil for every car.  
 
Land contamination, and the social problems related to it, are additional problems. 
These were a source of environmental and political crisis in the Ogoni lands of 
Southern Nigeria. In this case, the oil company was responsible for considerable 
land and water pollution. The Nigerian government executed the leaders of the 
environmental movement opposing such pollution. 
 
All these activities lead to water, air and soil pollution; and have impacts on human 
health and wellbeing. These latter can be subdivided into four main groups: 
 
1) Direct effects on health result from injuries related to road traffic accidents.  

Worldwide, in 1999, between 750,000 and 880,000 people died in road traffic 
accidents (TRL, 2000). More recent estimates give figures almost as high as 1.2 
million people killed each year. The road traffic death toll represents only the ‘tip 
of the iceberg’ of the total waste of human and societal resources from road 
injuries. WHO estimates that, worldwide, between 20 million and 50 million 
people are injured or disabled each year in road traffic crashes (WHO, 2004). In 
the WHO European region approximately 120,000 die every year and more than 
2,500,000 are injured every year as a result of road traffic collisions (Dora and 
Phillips, 2000).  

 
2) Indirect effects result from exposure to air pollutants such as NOx, SOx, VOCs, 

ozone and (fine) particles. Road-traffic related air pollution has been calculated 
to be responsible for nearly 22,000 annual mortality cases (adults ≥ 30 years old) 
in Austria, France and Switzerland (Kunzli et al., 2000). In terms of acute 
effects, exposure to SO2 and ozone causes harm to patients with respiratory 
disease, asthmatic subjects, and patients with chronic obstructive pulmonary 
disease (COPD) (Ayres, 1998).  Epidemiological studies demonstrate a clear 
relationship between the levels of PM10 and exacerbations of asthma and COPD, 
as well as deaths from cardiovascular causes, i.e. heart attacks and strokes. The 
basic mechanisms of these phenomena are only partially understood (Donaldson 
and MacNee, 1998). Effects associated with chronic long-term exposure to 
pollutants have also been demonstrated. These include cancer, prevalence of 
respiratory symptoms and decreased lung function, hospital admissions and 
premature mortality due to respiratory and cardiovascular diseases (Harrison, 
2001; Nedellec et al., 2004). Traffic-related air pollution epidemiological data 
suggest an association between traffic exhaust and childhood cancer. Examples 
include an increased risk for leukemia and central nervous system tumours in 
children living near busy roads; increase in lymphomas associated with benzene 
and nitrogen dioxide exposure during pregnancy (Nedellec et al., 2004).  

 
3) Noise produced by traffic is associated with morbidity (WHO, 1993). A rough 

estimate of the number of people in the pre-enlargement EU exposed to 
environmental noise (Lden) from road, rail and aircraft movements at a level > 55 
dB(A) is 150 million or 40 per cent of the population. Adverse environmental 
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noise-induced health effects include annoyance, sleep disturbance, stress-related 
somatic effects such as increased blood pressure, effects on learning in children 
and, possibly, hearing damage. 

 
4) Physical inactivity induced by the widespread availability of mechanised 

transport is a public health problem. It is known that sedentarism is associated 
with cardiovascular disease, diabetes, obesity, osteoporosis, gallstones, 
depression and different types of cancer. However, quantitative estimates of the 
extent of this problem are difficult to calculate. This is firstly because 
internationally agreed definitions of physical inactivity do not exist and secondly 
because epidemiological studies linking mobility-related sedentarism with health 
effects are scarce. 

 
Table 57. Health damage caused by cars, Germany 1996, annual totals (UPI, 1999). 

 
Health effect Number Unit 
Deaths from particulate pollution 25,500 deaths/year 
Deaths from lung cancer 8700 deaths/year 
Deaths from heart attacks 2000 deaths/year 
Deaths from summer smog 1900 deaths/year 
Deaths from road traffic accidents (RTAs) 8758 deaths/year 
TOTAL DEATHS 46,858 deaths/year 
Serious injuries (RTAs) 116,456 injured/year 
Light injuries (RTAs) 376,702 injured/year 
Chronic bronchitis (adults) 218,000 illnesses/year 
Invalidity due to chronic bronchitis 110 invalids/year 
Coughs 92,400,000 days/year 
Bronchitis (children) 313,000 illnesses/year 
Bronchitis 1,440,000 illnesses/year 
Hospitalization (breathing problems) 600 hospitalizations/year 
Hospitalization (breathing problems) 9200 days of care/year 
Hospitalization (cardiovascular disease) 600 hospitalizations/year 
Hospitalization (cardiovascular disease) 8200 days of care/year 
Unavailable for work (not cancer) 24,600,000 days/year 
Asthma attacks (days with attacks) 14,000,000 days/year 
Asthma attacks (days with broncho-dilator) 15,000,000 days/year 

 
From these data it is obvious that mobility has health impacts. It is only recently that 
the full extent of transport’s negative impact on health has become better 
substantiated. In an audit of the impact of cars on German society, UPI (1999) 
concluded that cars were responsible for 47,000 deaths each year and a range of the 
previously described health impacts. The quantitative data are shown in Table 57, 
which only summarises data related to cars and not to lorries or aircraft. This puts 
the European transport sector into a very serious public health context. Mobility 
should no longer be seen only in a context of transport, roads and highways, but 
increasingly as a public health problem. This chapter summarises the current state of 
knowledge of the health impacts. This is limited to consideration of the health 
effects of traffic-related air pollution, noise and physical inactivity. The findings are 
set in the context of the degree of scientific certainty of the effect being causal, 
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associated with the findings. This allows us to relate the findings to mandatory 
policy initiatives to mitigate these effects. This chapter, although acknowledging the 
importance of traffic-induced injury, does not address this explicitly. It concentrates 
on impacts that are caused by environmental exposures. 
 
 
2. Health effects from traffic-related air pollution 
 
2.1. Non-particulate air pollutants 
 
The health effects of air pollution have been studied intensely in recent years. Table 
58 summarises the findings, which are discussed briefly below.  
 
Exposure to air pollutants such as sulphur dioxide (SO2), nitrogen oxides (NOx) and 
ozone (O3) have, just like airborne particulate matter, been associated with increases 
in mortality and hospital admissions due to respiratory and cardiovascular disease.  
 
The most consistent results have been found for ozone. Ozone levels are associated 
with a significant increase in all causes, cardiovascular, and respiratory mortality. 
The effects are greater in the warm season in temperate climates and are independent 
of the effects of other pollutants (Touloumi et al., 1997; Hester and Harrison, 1998; 
Le Tertre et al., 2002). There is very good, consistent experimental evidence that 
ozone has an effect on health, with a consistent dose-response effect on a number of 
lung function parameters, at concentrations close to those seen in ambient air. A 
consistent and strong finding is a significant increase of daily admissions for 
respiratory diseases associated with elevated levels of ozone. This finding is stronger 
in the elderly, has a rather immediate effect, and is quite homogeneous over the 
different cities under study (Schwartz et al., 1996; Spix et al., 1998). The association 
between daily admissions for COPD and ozone is also generally quite high 
(Anderson et al., 1997). The studies are less consistent concerning the association 
between asthma admissions and ozone.  
 
Sulphur dioxide is a potent bronchoconstrictor at high levels, and patients with 
asthma are much more sensitive to it than normal individuals. The association 
between daily hospital admissions for asthma and sulphur dioxide is highest among 
children (Sunyer et al., 1997). Because levels of sulphur dioxide and particulate 
matter co-vary closely, it has proved difficult to demonstrate effects of sulphur 
dioxide that are independent of the effects of particulate matter in epidemiological 
studies. It is likely that sulphur dioxide contributes to respiratory symptoms, reduced 
lung function, increases in hospital admissions and mortality, although the effects 
have been more consistently seen in Europe than in the USA (Harrison, 2001). In a 
large European study of short-term changes in mortality and hospital admissions 
(APHEA project) in relation to ambient air pollution, sulphur dioxide was 
significantly associated with both health outcomes. The effect was greater in 
Western European cities than those in Eastern and Central Europe (Katsouyanni et al., 
1997; Spix et al., 1998).  
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The evidence from challenge and from epidemiological studies generally does not 
show significant health effects for nitrogen dioxide, an oxidant pollutant. It is likely, 
however, that longer-term exposures may have an impact in terms of chronic effects 
(Hester and Harrison, 1998). The evidence is less consistent than for sulphur 
dioxide, ozone and particulate matter. However, European studies in the framework 
of the APHEA project indicate a significant association between nitrogen dioxide 
and hospital emergency visits and hospital admissions for asthma (Dab et al., 1996; 
Sunyer et al., 1997; Tenias et al., 1998), as well as significant associations with 
mortality (Touloumi et al., 1997; Le Tertre et al., 2002).  

Another gaseous non-particulate pollutant is carbon monoxide, which binds very 
avidly to haemoglobin, thereby reducing the oxygen-carrying capacity of the blood. 
There has been a paucity of recent research into the potential health effects of low-
level carbon monoxide exposure. Some epidemiological evidence suggests that in 
certain susceptible individuals with heart disease, ambient levels can be associated 
with health effects (Hester and Harrison, 1998; Harrison, 2001).  

Other non-particulate air pollutants originating from traffic, such as VOCs and PAH, 
are known carcinogens. The best studied are benzene and benzo(a)pyrene, which are 
respectively mainly linked with causing leukaemia and lung cancer (Hester and 
Harrison, 1998; Harrison, 2001). 

 
2.2  Particulate air pollution 
 
There is strong and widely accepted scientific evidence that exposure to particulate 
aerosols causes increased mortality rates leading to premature deaths, as shown in 
Table 59. This is largely attributable to increases in cardiovascular and respiratory 
illnesses (Laden et al., 2001). In addition, increased lung cancer deaths are 
associated with PM2.5 and sulphates (Laden et al., 2001; Pope et al., 2002). 

Over the past two decades, an increasing number of epidemiological studies showed 
a significant association between the mass concentration of particulate matter in the 
ambient air and adverse respiratory and cardiovascular health effects. The main 
effects include hospital admissions, emergency room and clinician visits for 
respiratory and cardiac diseases, increased use of medication and time lost from 
work and school.  

Cardiovascular diseases have been shown to increase with the amount of PM10 
attributed to highway vehicles (Lippmann et al., 2003). PM2.5 exposure is associated 
with an increase in exhaled nitric oxide (NO), a marker of pulmonary inflammation. 
This suggests that PM2.5 at ambient concentrations can act as an inflammatory agent 
(Koenig et al., 2002). Moreover, PM10 exposure is associated with the occurrence of 
asthma symptoms. Recently, diabetics have been identified as an important 
susceptible population. PM-associated hospital admissions for heart disease in 
diabetics is double that in the general population (Zanobetti and Schwartz, 2002). 
Individuals with other pre-existing diseases are also at higher risk. Respiratory 
diseases, for example, modify the risk of cardiovascular admissions. Heart failure 
modifies the risk of hospital admissions for chronic obstructive pulmonary disease 
(Zanobetti et al., 2000). 
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3. Noise 
 
3.1. Overview 
 
Table 60 summarises the state of knowledge from field studies of research into 
health effects of environmental noise. There is sufficient scientific evidence that 
noise exposure can induce hearing damage (although unlikely to occur at typical 
levels of community noise exposure), annoyance and sleep disturbance (especially in 
adults). It also affects children’s learning (cognition) and motivation. The evidence 
of cardiovascular risk, as a health effect of noise, is more limited. However, 
hypertension and ischaemic heart disease seem to be more and more associated with 
noise exposure. With respect to the causal role of environmental noise in mental 
health impacts, no definite conclusion can be drawn. A significant association was 
observed between self-reported noise exposure and depression as well as cognitive 
failures. Nevertheless, a number of studies applying psychometric questionnaires to 
assess psychological morbidity yielded inconsistent results. There is no convincing 
evidence of a direct effect of noise exposure on congenital abnormalities, birth 
weight or disorders related to the immune system. A few studies show an increased 
risk of low birth-weight in children of aircraft-noise exposed mothers, but the 
influence of important confounders such as socioeconomic status and smoking was 
not taken into account (Staatsen et al., 2004).  
  
Table 60. Long-term effects of exposure to environmental noise, observed thresholds, relative 
risk (RR) and degree of scientific certainty (DOC) of the effect being causal (L: low, M: 
moderate, H: high; *: significant). 
 

Observation threshold Health effect  
Metric Value in 

dB(A) 

RR5 dB(A) DOC References 

Hypertension Lden
 70  M-H HCN (1994); Stansfeld 

et al. (2002) 
 LAeq, 6-22 hr 

(road traffic) 
< 55-80 0.95 (0.84, 

1.08) 
 Van Kempen et al. 

(2002) 
 LAeq, 7-19 hr (air 

traffic) 
55-72 1.26 (1.14, 

1.39)* 
 Van Kempen et al. 

(2002) 
Ischaemic heart 
disease 

Lden 70 1.1-1.5 M-H HCN (1994); Babisch 
(2000) 

 LAeq, 6-22 hr 

(road traffic) 
51-70 1.09 (1.05, 

1.13)* 
 Van Kempen et al. 

(2002) 
Myocardial 
infarction 

LAeq, 6-22 hr 

(road traffic)  
51-80 1.03 (0.99, 

1.09) 
M Van Kempen et al. 

(2002) 
 LAeq  > 65 vs ≤ 

60 (men) 
OR: 1.18 

(0.93, 1.49) 
M Babisch (2004) 

 LAeq 
 

> 65 vs ≤ 
60 

(men living 
≥10 years 
at present 
address) 

 

OR: 1.33 
(1.00, 

1.76)*- 1.45 
(1.03, 
2.05)* 

 

M 
 

Babisch (2004) 
 



P. NICOLOPOULOU-STAMATI ET AL. 

 

290

Table 60, continued 
 

Observation threshold Health effect  
Metric Value in 

dB(A) 

RR5 dB(A) DOC References 

Angina pectoris LAeq, 6-22 hr 

(road traffic) 
51-70 0.99 (0.84, 

1.16) 
M Van Kempen et al. 

(2002) 
 LAeq, 7-19 hr  

(air traffic) 
55-72 1.03 (0.90, 

1.18) 
M Van Kempen et al. 

(2002) 
Cardiovascular risk Lday 65  M Ising and Kruppa 

(2004) 
Annoyance Lden for %HA# 

42 
 H Miedema and 

Oudshoorn (2001);  
Ouis (2002); Stansfeld 
and Matheson (2003) 

Hearing 
impairment 

Lnight 50  H Hoeger et al. (2002) 

 LAeq, 24h 70  H Passchier-Vermeer and 
Passchier (2000) 

Performance of 
children 

LAeq, school 70  H Passchier-Vermeer and 
Passchier (2000) 

Sleep disturbance      
- sleep stages 
 

SEL 
 

35 
 

 H 
 

Passchier-Vermeer and 
Passchier (2000) 

- sleep pattern Lnight < 60  H Passchier-Vermeer and 
Passchier (2000) 

Behavioural 
awakening 

SEL 55  H Passchier-Vermeer and 
Passchier (2000)  

Self-reported sleep
disturbance 

Lnight 
 

for %HSD§
< 45 

 H Miedema and Vos 
(2003) 

Increased motility, 
Motoric unrest 

Lmax_i   (night)

  

32  H Passchier-Vermeer 
(2003) 

Hormone levels  
(cortisol) 

Lmax_i (night)  33-52  L Ising and Ising (2002) 
Babisch et al. (2001) 
Maschke and Hecht 
(2004) 

Increased allergies Lnight   L Ising et al. (2003) 
Decreased 
birthweight 

Ldn 
 

70-75 OR: 1.324 
(1.183,1.482) 

L Matsui et al. (2003)  
Kawada (2004) 

Mood next day LAeq, night >60  H HCN (1994); 
Passchier-Vermeer and 
Passchier (2000) 

Psychological 
symptoms 

Ldn 
 

70 (mental 
instability, 
depression) 

 L Hiramatsu et al. (2000) 
Stansfeld and Matheson 
(2003) 

# HA – Highly Annoyed, § HSD – Highly Sleep Disturbed, Lden - equivalent sound level over 
24-hour period (day, evening, night), Ldn - equivalent sound level over 24-hour period (day, 
night),  Lnight - equivalent sound level over night time, Lday - equivalent sound level over 
daytime, LAeq,T  - equivalent sound level over period of time T, SEL – sound exposure level, 
Lmax_i - maximal indoor sound level during an aircraft noise event, OR – odds ratio. 
 
 

.
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3.2.  Annoyance 
 
Annoyance, as a direct outcome of environmental noise exposure, has the lowest 
threshold and is the most thoroughly documented of all outcomes. Annoyance is 
defined as any feeling of resentment, displeasure, discomfort and irritation, 
occurring when noise intrudes into someone’s thoughts and moods when 
contemplating or interferes with an activity. 
 
Quantitative exposure-response relationships are well established (Miedema and 
Oudshoorn, 2001). Aircraft noise has a higher impact on annoyance than road 
traffic. Railway traffic has the least effect on annoyance. The effect of road traffic 
noise does not differ between day and night. In contrast, annoyance reactions are 
higher at night for railway and air traffic noise. For aircraft noise, nighttime 
annoyance rises faster than annoyance during the day, especially when above an 
equivalent sound level of 50 dB(A). 
 
Severe annoyance is estimated to be responsible for 400 to 2700 Disability Adjusted 
Life Years (DALYs) per million inhabitants (Staatsen et al., 2004).  
 
3.3.  Sleep disturbance 
 
The auditory system continuously analyses auditory stimuli, which are in turn 
interpreted by a variety of brain structures. Noise is an aspecific stressor that arouses 
the autonomic nervous and endocrine systems, in particular the pituitary and adrenal 
glands. Therefore, it is not surprising that exposure to traffic noise causes sleep 
disturbances and changes in hormonal balance.  
 
Sleep disturbance may manifest itself in various ways. Noise may affect sleeping 
behaviour (e.g. increasing the time one is awake during the night), sleep pattern, 
physiological responses or it may cause chronic changes. The following effects can 
be noted:  

- Primary effects like difficulties in falling asleep, awakenings, sleep stage 
changes and instantaneous arousal effects during sleep (temporary increase 
in blood pressure, heart rate, vasoconstriction, release of stress hormones in 
the blood, increased motility); 

- Secondary or ‘after effects’ measured the next day: decrease of perceived 
sleep quality, increased fatigue and decrease in mood and performance; 

- Long-term effects on well being: increased medication use or chronic 
annoyance (Staatsen et al., 2004).  

 
Sleep disturbance can be described with physiological, hormonal and motility 
measures and on the basis of self reported observations and evaluations. Passchier-
Vermeer and Passchier reviewed the literature on sleep disturbance as measured by 
motility, motoric unrest, self-assessed awakenings and self-reported sleep 
disturbances. They concluded that self-reported sleep disturbance is a dose-related 
effect that strongly depends upon the type of noise and frequency of awakening. 
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Aircraft noise in the nighttime was found to be the most damaging to health 
(Passchier-Vermeer and Passchier, 2000; Passchier-Vermeer et al., 2003). 
 
Behavioural awakening is usually assessed by pressing a button on a counting 
device on each occasion of awakening during sleeping hours. A review of the 
literature reveals that aircraft noise again emerges as having the highest impact. 
 
Motility is an indication of the number of awakenings during the night. Motility 
studies have demonstrated that the human body reacts to nighttime noise at very low 
intensities, even when the noise exposure cannot be recalled. Aircraft noise induces 
increases in motility start from maximum equivalent noise levels of 32 dB(A) 
(Passchier-Vermeer et al., 2003). 
 
Although children appear to be less disturbed during their sleep than adults (with 
respect to awakenings and sleep quality), there is evidence of ‘hidden effects’ 
occurring during sleep that, in the long term, might add to the risk of cardiovascular 
disease (Staatsen et al., 2004).  
 
Noise increases the changes between sleep stages and the number of awakenings 
during the night, starting from SEL levels of about 35 and 60 dB(A), respectively. 
Reported sleep quality is likely to be affected at nighttime noise levels above 40 
dB(A). In most studies, an effect of nighttime noise on performance and mood the 
next day is only seen at levels above 60 dB(A). Nighttime noise exposure may 
increase heart rate during the night; habituation to this effect does not seem to occur. 
The observation threshold is a SEL value of 40 dB(A). There are indications that 
noise-induced sleep stage changes are associated with elevated (stress) hormone 
levels (Staatsen et al., 2004).      
 
Severe sleep disturbance is estimated to be responsible for 150 to 1300 DALYs per 
million inhabitants (Staatsen et al., 2004). 
 
3.4.  Cardiovascular diseases 
 
Noise as a stressor is also known to affect biological risk factors such as blood 
pressure and cardiac output which in turn might contribute to an increase in 
cardiovascular diseases. The epidemiological evidence is, however, still limited. In 
laboratory conditions, exposure to traffic noise is known to cause changes in heart 
rate and EEG patterns. Studies on environmental noise exposure suggest an 
association with hypertension (Stansfeld and Matheson, 2003). In a recent meta-
analysis, a significant association was observed between hypertension and air traffic 
noise exposure, but not with road traffic noise exposure (Van Kempen et al., 2002).  
 
In cross sectional studies, road traffic noise exposure has been related to an 
increased risk of myocardial infarction and total ischaemic heart disease. Prospective 
studies regarding ischaemic heart disease suggest an increase in risk of outdoor 
noise levels above 65 to 70 dB(A) during the daytime (Babisch, 2000; Babisch, 
2004). Air traffic noise exposure is associated with the consultation frequency of 
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medical doctors, the use of cardiovascular medicines and sleep medication and 
angina pectoris (van Kempen et al., 2002). A consistent trend towards an increased 
cardiovascular risk is observed at equivalent exposure levels of 65 dB(A) (Ising and 
Kruppa, 2004). 
 
Of nine studies investigating the effects of air traffic, road traffic and rail traffic 
noise on blood pressure in children aged 3-16 years, six studies found blood pressure 
elevations associated with noise exposure. In three studies a statistically significant 
noise-related increase in blood pressure has been observed (Staatsen et al., 2004). 
 
Effects of road, rail and air traffic noise exposure on stress responses, e.g. cortisol, 
adrenaline and noradrenaline, have been studied. The results of these studies were 
inconclusive: if any associations were observed, the effects were only small 
(Staatsen et al., 2004). Stress hormone levels (epinephrine) were higher in children 
exposed to aircraft noise at the old Munich airport (Hygge et al., 1996). After the 
airport was moved, the levels of epinephrine rose among children living under the 
flight paths of the new airport. Children exposed to road and rail noise levels of 
more than 60 dB(A) had raised urinary cortisol levels but no difference in urinary 
(nor)adrenaline, compared to lower-exposed children (Ldn 50 dB(A)) (Evans et al., 
2001). Ising observed raised cortisol levels in children exposed to road traffic noise 
(indoor levels Lmax 33-52 dB(A)) during the first, but not the second, half of the 
night (Ising and Ising, 2002).  
 
Mortality due to hypertension attributed to noise is estimated to be responsible for a 
maximum of 700 DALYs per million inhabitants (Staatsen et al., 2004).  
 
3.5.  Psychological impacts   
 
Apart from annoyance, noise exposure is associated with impaired learning ability 
(cognition) and success at school (motivation)(Staatsen et al., 2004).  
 
The following results have been found in children exposed to high levels of noise 
(aircraft, train and road), as compared to children in quieter schools:  

- deficits in sustained attention and visual attention; 
- difficulties in concentration; 
- poorer auditory discrimination and speech perception; 
- memory impairment for tasks that require high processing demands; 
- poorer reading ability and school performance on national standardised 

tests. 
 
For reading ability, consistent results are observed, indicating a negative association 
between chronic (long-term) noise exposure and reading acquisition. Studies looking 
at the association between noise exposure and attention deficits vary in results 
(Staatsen et al., 2004).   
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The multi-centre RANCH study found that aircraft noise exposure was associated 
with impaired reading comprehension. A 5 dB(A) increase in noise was associated 
with a one to two month impairment in reading age. The findings with regard to road 
traffic noise are inconsistent. While some studies indicate that the effects on reading 
may be reversible, if the noise ceases, the long-term developmental consequences, of 
exposure that persists throughout the child’s education, remain yet to be determined. 
However, intervention measures (outdoor and indoor), such as reducing the noise 
levels in classrooms, have been shown to result in improving long-term memory and 
reading ability of children (Clark, 2004; van Kamp, 2004).   
 
Children highly exposed to chronic environmental noise seem to be less motivated 
when placed in situations where task performance is dependent on persistence. 
Associations were found between noise exposure and reduced persistence on 
challenging puzzles. Teachers in high noise areas report greater difficulties in 

al., 2000).  
 
In a London study of psychological distress in children exposed to chronic aircraft 
noise, no differences were found attributable to noise exposure, adjusting for 
socioeconomic status (Haines et al., 2001a). However, in a further larger study, 
higher psychological distress scores were found in children exposed to chronic noise 
(Haines et al., 2001b). In adults, Japanese results suggest that high levels of military 
aircraft noise may have effects on mental health; in a cross-sectional study of 5,963 
inhabitants around two air bases in Okinawa, those exposed to noise levels of Ldn 
70 or above had higher rates of ‘mental instability’ and depression (Hiramatsu et al., 
2000). Those who were more annoyed showed higher risk of mental or somatic 
symptoms.   
 
 
4. Sedentarism 
 
Sedentarism or physical inactivity is a major public health problem. It is, however, 
difficult to link this directly to everyday mobility behaviour, because reported 
physical activity is only rarely evaluated in health effects studies by asking for 
everyday mobility behaviour. Except for walking only stair-climbing have been 
asked in some studies. Usually more intensive leisure time sports are required or 
occupational physical activities. From these findings and from the studies that 
investigate the consequences of cardio-respiratory fitness the health effects shown in 
Table 61 are supported. But because different studies use different measures of 
physical activity it is very difficult to estimate the possible quantitative effect of 
walking and cycling from these other activity measures. For some end points the 
effect might be rather indirect only or could even be confounded by an inverse 
causality: better health leads to a higher activity level. Usually no data on thresholds 
are available in this field. Generally any physical activity adds on already existing 
activity levels (which presumably for most outcomes are above the theoretical 
threshold level anyway). For cardio-respiratory fitness and some other outcomes the 
dose-response-curve is steeper at low activity levels. Although the quantity of the 

motivating children, as compared to their colleagues in low noise areas (Stansfeld 
et 
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effect is not certain, there is good external evidence for most of the effects in Table 
61 concerning causality. That’s why all heatlth effects get a high scientific certainty, 
except colon cancer. 
 
Cardio-respiratory fitness is more strongy correlated to health benefits than reported 
physical activity. Physical activity in the experimental design clearly increases 
cardio-respiratory fitness. This has also been shown for non-motorised mobility 
patterns (Hendriksen et al., 2000): cycling to work (mean single trip distance = 8.5 
km) during six months more than three times a week led to a significant increase of 
the maximal performance on the cycle ergometer by 13 per cent (W per kg body 
weight) both in male and female cyclists while the control group remained constant. 
 
Literature shows that regular physical activity increases life expectancy, stress 
tolerance and independence in old age. It decreases the risk of developing 
cardiovascular disease, Type II diabetes, obesity, colon and breast cancer, 
osteoporosis, gallstones and depression (see Table 61). Other effects like control of 
body weight, reductions in symptoms of anxiety and stress, and risk reduction for 
prostate cancer are mentioned as well. It has been shown that physical activity 
equivalent to 30 minutes of walking on all or most days of the week provides 
protective and preventive benefits for this range of health conditions (ISDE, 2002; 
Mason, 2000; Bassuk and Manson, 2003). 
 
Reduced physical activity has been shown to impact mood and psychomotor 
development of children (Huttenmoser and Degan-Zimmermann, 1995). Sedentary 
life is also a risk factor for neuro-degenerative diseases (Trejo et al., 2002). 
 
In two prospective cohort studies, obesity significantly increased the risk of 
pancreatic cancer. Physical activity appears to decrease the risk of pancreatic cancer, 
especially among those who are overweight (Michaud et al., 2001).  
 
Being overweight is an important element in the top ten of health risks worldwide. 
In industrialised countries, it ranks within the top five risk factors. Obesity begins 
early in life; obesity in childhood is a strong predictor of becoming overweight in 
adulthood. Longitudinal studies from the USA, the Netherlands and Finland reported 
that the decline in physical activity was most marked between the ages of 12/13 and 
15/16. It can clearly be concluded that overall physical activity peaks at the age of 
12/13 years, after which time a marked decline can be observed.  
 
Obesity has serious long-term consequences. The incidence of Type II diabetes in 
US children has increased in parallel with the rise in incidence of obesity. 
Furthermore hypertension, hypercholesterolaemia, heart disease, asthma, sleep 
apnoea, depression, low self-esteem and orthopaedic disorders have been linked to 
obesity (Schmidt, 2003; Galvez et al., 2003).  
 
Although physical activity seems to promote self-esteem, no firm conclusions can be 
drawn on mental health, because factors which are perhaps more crucial than the 
physical activity itself are rarely accounted for (Martin et al., 2004). 



P. NICOLOPOULOU-STAMATI ET AL. 

 

296

Table 61. Health effects of sedentarism, relative risk (RR) and degree of scientific meetraint 
of the effect being causal (M: moderate, H: high). 
 

Health Effect Intensity RR for the 
disease 

RR for 
mortality 

Scientific 
Certainty 

Reference 

Life 
expectancy 

5 vs 15 
km/week 

 1.49 H Paffenbarger 
et al. (1986, 
1994) 

Cardiovascular 
disease 

 1.84 1.43 Martin et al. 
(2001) 

Cardiovascular 
disease: death 

1000 vs > 2000 
kcal/week 

 1.84 Paffenbarger 
et al. (1984) 

Cardiovascular 
disease:  
hospitalisation 

Walking 
<1hr vs 

>4hrs/week 

1.45  

H 
 

LaCroix 
et al. (1996) 

Type II 
diabetes 

 1.88 3.00 H Martin et al. 
(2001) 

Obesity    H Arluk et al. 
(2003) 

Colon cancer  1.90 1.68 M Martin et al. 
(2001) 

Breast cancer  1.39 1.00 H Martin  
et al. (2001) 

Osteoporosis  2.00  H Martin  
et al. (2001) 

Symptomatic 
gall stone 
disease 

Men watching 
television >40 

hrs vs <6 
hrs/week 

3.32 (older 
men); 1.58 
(younger 

men) 

 Leitzmann  
et al. (1998) 

 Decreased 
physical 
activity 

1.72 (men 
<65y); 

1.33 (men 
≥65y) 

 Leitzmann  
et al. (1998) 

 Women 
spending 41-60 
hrs/week sitting 
vs <6 hrs sitting 

1.42  Leitzmann  
et al. (1999) 

 Women 
spending >60 

hrs/week sitting 

2.32  

H 

Leitzmann  
et al. (1999) 

 3.15  Martin  
et al. (2001) 

<1000 vs 1000-
2499 kcal/week 

1.20  

Depression 

<1000 vs >2500 
kcal/week 

1.39  

H 

Paffenbarger 
 et al. (1994) 

Back pain  1.36  H Martin  
et al. (2001) 

Hypertension  1.47 1.00 H Martin  
et al. (2001) 
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Many obese children suffer from a metabolic syndrome. This is characterised by the 
presence of excessive abdominal fat, high blood pressure, increased triglyceride 
levels in blood, low high density lipoprotein (HDL) cholesterol levels and high 
blood sugar. Childhood obesity exacerbates the risk of potentially fatal health 
problems later in life. For example, autopsies on obese children have shown higher 
levels of atherosclerotic plaque, which is a risk factor for stroke and myocardial 
infarction. They also suffer from non-alcoholic fatty liver disease, which promotes 
hepatitis, fibrosis and ultimately sclerosis in adults (Schmidt, 2003). 
 
The global estimates of WHO indicate that physical inactivity causes about 10-16 
per cent of cases each of breast cancer, colon and rectal cancers and diabetes 
mellitus, and about 22 per cent of ischaemic heart disease, resulting in 1.9 million 
deaths and 19 million DALYs (WHO, 2002). 
 
A significant relationship exists between child obesity and maternal body mass 
index (BMI) (Arluk et al., 2003). 
 
Levels of activity are correlated with a number of socio-cultural parameters. The 
contribution of school-based physical education seems to be particularly important 
in groups with low activity levels (Martin et al., 2004).   
 
Obesity and its related health effects are strongly influenced by diet and lifestyle. 
For instance, contemporary major modes of entertainment, such as television, 
cinema and computer-based ones, are primarily sedentary in nature. It is unclear, 
however, what proportion of sedentarism is caused by mechanised transport. On the 
other hand, there is convincing evidence that walking and cycling decrease the risk 
of diseases associated with sedentarism. 
 
 
5. Discussion of scientific findings 
 
Environmental health effects resulting from societal mobility patterns are multiple 
and diverse. The preceding tables show that the spectrum of conditions involved 
includes physiological, endocrinological, neurological and immunological 
mechanisms.  
 
Nevertheless, common patterns of effects emerge. Noise, particles, non-particle air 
pollution and even sedentarism all appear to target the cardio-pulmonary system. 
Noise and obesity to some extent target the same neuro-endocrine homeostatic 
mechanisms. Particles and other air pollutants and sedentarism have all been shown 
to be positively correlated with increased cancer incidence. 
 
The degree of overlap of any common mechanisms that may be triggered by 
different environmental impacts, however, remains to be fully elucidated. There are 
clearly, however, common underlying systems in the body which indicate the 
biological plausibility for considering that additive or synergistic effects can occur, 
e.g. aromatase/oestrogen/obesity. 
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Adverse health effects resulting from environmental pollution and sedentarism 
related to traffic movements occur in the general population. It has been estimated 
that 32 per cent of Europeans are exposed to road traffic noise levels above 55 
dB(A), 19 per cent to levels between 55 and 65 dB(A), 11 per cent between 65 and 
75 dB(A) and 2 per cent over 75 dB(A) (EEA, 2000). 
 
It is estimated that in the UK alone, 8,100 deaths are caused annually by PM10 
exposure. The number of respiratory hospital admissions brought forward exceeds 
10,000 (Department of Health, 1998). It is estimated that 50 per cent of the 
population’s exposure arises from motorised transport (Newbery, 1998). 
 
The WHO (2002) global estimate for physical inactivity among adults is 17 per cent. 
In a questionnaire by the EU (Eurobarometer), 47 per cent of citizens reported to 
have done no physical activity of moderate intensity in the last seven days (EC, 
2003). 
 
These selected data demonstrate that there is a major public health problem resulting 
from the widespread availability and use of motorised transport. No other single 
disease entity causing these levels of mortality and morbidity would be tolerated by 
society and there would be demands for research and action to reduce this burden. 
 
Next to these direct health effects, the indirect impacts on health of global warming 
need to be considered. The main traffic-related greenhouse gases are CO2 and N2O. 
Road traffic is the fastest growing source of CO2 emissions in most countries in the 
EU. In the UK, for instance, CO2 emissions from road transport nearly doubled in 
the thirty years between 1970 (20.7 million tons) and 2000 (38.6 million tons). In 
this way, road traffic generated 24 per cent of the total CO2 emissions in 2000. Rail, 
shipping and civil aircraft each contributed 1 per cent to the total UK CO2 emissions 
for that period (DEFRA, 2003). 
 
The current rises in temperature, induced by climate change, will lead to more heat 
waves, storms, droughts, floods and fires. These will cause additional deaths.  In the 
summer of 1995, a heat wave struck the Eastern and Midwestern United States, 
leaving more than 500 deaths in Chicago alone (Hardy, 2003).  In 2003 hundreds of 
extra deaths were recorded in France as a result of high temperatures (Dhainaut et al., 
2004). Malaria and other vector-borne diseases, such as dengue fever, 
schistosomiasis, and Leishmaniasis are expected to extend their ranges northwards 
into Europe, as a result of the changing climate (WHO Europe, 2003).  For malaria 
alone, 2020 million people worldwide are at risk in response to climate change 
(Kovats et al., 2000). 
 
 
6.  Policy implications 
 
Scientific data provide sufficient grounds for policy action on the following basis: 
Citizens and, in particular children,  have a right to clean air,  a quiet environment, a  
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safely habitable urban environment and a healthy lifestyle. These rights should take 
priority over the right to personalised motor transport. 
 
In different EU countries, a pollutant reduction policy is being implemented. 
Reductions in SO2, lead and benzene already date from the 1980s. Plans to reduce 
tropospheric ozone, CO2 and particulate aerosols are much more recent. 
 
In view of the interrelated character of the health effects and the underlying 
mechanisms of traffic-related pollution and lifestyle, it should be advocated that an 
integrated approach mobility and health be established. Such a policy should include 
the following elements: 
 
i) A reduction of emissions  in particular of ozone precursors, particulate aerosols 

and noise. This reduction should be reached by better technology of cars, trucks 
and planes, but also by reducing the amounts of kilometres we drive. 

 
ii) Education, information and awareness-raising to promote walking and 

cycling at both the individual and societal levels. At the level of the individual 
and in households, important decisions can be made, as half of all journeys made 
in cars in Europe are of less than 3km, an ideal distance for walking or cycling. 
In addition, 40 to 50 per cent of car use is for leisure activities (ISDE, 2002). 
Information related to the negative impacts of physical inactivity should also 
create a societal basis for this policy. The lessons learnt from the anti-smoking 
campaigns should be heeded. It took a remarkably short time for society to view 
smoking as an anti-social habit. Society needs to develop similar feelings 
towards short distance journeys by car. The professions allied to medicine should 
advocate the advantages of a physically active lifestyle. This is urgent because, 
currently, nearly two thirds of the adult population in the Western world are 
sedentary or not physically active enough to gain health benefits (ISDE, 2002). 

 
iii) Urban planning and design currently tends to promote the use of motor 

vehicles more than walking and cycling. Too many places have unsafe sidewalks 
or lack cycle paths. Concerns for physical safety lead parents to keep their 
children indoors or to transport them to school by car. The planning and 
organisation of public areas should, as a priority, incorporate infrastructure for 
walking and cycling in safety. 

 
iv) Road pricing schemes to discourage the use of motor vehicles in highly 

populated areas. A recent example of this has been introduced successfully in 
central London. An additional important option is to allocate the revenue raised 
to fund public transport by direct hypothecation. This can also be combined with 
tax incentive schemes or the provision of low cost or free public transport to 
encourage people to travel to work by bus, tram, train, cycling or walking. In 
Flanders (northern Belgium) public bus transport is free for pensioners and 
students (in their respective university towns). To alleviate the traffic pressure on 
Brussels,  the capital,  civil servants are provided with free public transport.  The  
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general introduction of these price measures has resulted in a huge increase in 
the number of bus passengers in Flanders since 2000. In 2003, the bus company 
‘De Lijn’ transported 362.2 million passengers, an increase of 13.8 per cent 
compared to 2002. The number of passenger-kilometers increased parallel with 
the number of passengers, amounting to 176.8 million passenger-kilometers in 
2003. Use of the train is also becoming more popular with - for the sixth 
consecutive year - an increase in the number of passengers and person-
kilometers (VRIND, 2003). Although this will have a positive environmental 
effect, the precise impact is not yet known because it remains to be calculated 
how many cars are left at home as a result of the increased use of public transport 
(MIRA, 2003). 

 
v) The levels of scientific certainty in some areas concerning mobility and health 

act as a bar to progressive policies. While there is sufficient knowledge for action 
on the above mentioned points, research should be instituted to further reduce 
those areas of scientific uncertainty that remain. These are, among others: 

 
a) Biomonitoring and analysis of non-primary effects of mobility-related 

pollutants, including sedentarism. 
b) Mechanisms underlying these effects, with special reference to unifying 

models that lead to an understanding of the interrelations between the effects 
caused by the different pollutants. 

c) Data leading to quantification of the impacts on the population. 
d) Health economic analyses of the impacts of mobility-related pollutants on 

health to determine the true cost of the impacts to society. 
e) Validation methods for the effectiveness and efficiency of policy measures 

related to health and mobility. 
 
This policy will be characterised by both long- and short-term benefits. Lowering of 
the cancer incidence after reducing exposure of the population to traffic-related 
carcinogens will take decades to be realised. However, reduction of exposure to 
noise will have an immediate effect. Increase in personal physical activity will also 
bring health benefits in a short time scale. For example, the adoption of as little as 
30 minutes of brisk walking each day can reduce the risk of coronary artery disease 
by 50 per cent, the equivalent of giving up smoking. This makes such a policy 
attractive because decision makers are likely to be able to realise some direct 
benefits within their term of office. 
 
 
7.  Conclusions 
 
The health outcomes of mobility-related pollution are, in part, pollutant-specific, for 
example sleep disturbance by noise or intellectual impairment through exposure to 
lead. For the other part, there is a remarkable similarity in health outcomes from 
apparently diverse exposures. It appears that the cardio-pulmonary system is the 
prime target from a number of different mobility-related influences. Exposure to 
NOx, particles and the effects of sedentarism are examples. In addition, the 
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endocrine system seems to be targeted by a number of mobility-related pollutants. 
Noise and some VOCs have been recognised as capable of changing hormonal 
balances. Sedentarism increases the risk of osteoporosis, a condition under hormonal 
control. Among mobility-related pollutants are numerous carcinogens, such as 
benzene, benzopyrene and particles.  
 
This is a major public health problem. In the EU the majority of the population, 150 
million people, are exposed on a daily basis to a complex mixture of traffic-related 
pollutants and noise. In addition, two thirds of the population are sedentary. The 
largest single cause of all these problems is the use of motorised vehicles. 
 
This should make mobility, environment and health the core elements of an 
integrated policy, which should be targeted to: reduction of the need for individual 
car use by society, promotion of walking, cycling and public mass transport and 
reduction of traffic emissions. 
 
While many types of environmental pollution are long-term problems, for example 
POP and nuclear waste, the problems associated with traffic and mobility will 
respond very quickly to regulatory measures to reduce impacts. Traffic reduction 
brings an immediate associated reduction in noise, particle and gas emissions.  
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