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Introduction 
Policies and legislations aiming at night noise control are often based on sleep disturbance in 
European countries. However, the impacts of noise-induced sleep disturbance on health, either 
short-term or long-term, have not been investigated comprehensively to support policy-makers. 
From June 2003 until December 2006, WHO Regional Office for Europe European Centre for 
Environment and Health (Bonn office) implemented the Night Noise Guideline (NNGL) project 
co-sponsored by the European Commission.   
 
The goal of the NNGL project was to provide expertise and scientific advice to the European 
Commission and its Member States in developing future legislations in the area of night noise 
exposure control and surveillance. The key objectives of the project was to reach a consensus 
of experts and stakeholders on the following subjects: (a) guideline values for night noise to 
protect the public from adverse health effects, (b) an agreement on the night penalty factor to be 
allocated to night time noise in the calculation of Lden.   
 
The methodology of developing night noise guidelines was based on the WHO publication 
EUR/00/5020369 “Evaluation and use of epidemiological evidence for environmental risk 
assessment” that can be accessible at http://www.euro.who.int/document/e68940.pdf.  

Project activities conducted 
The work was performed according to the following process. 
   
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
WHO coordinated overall project activities, providing terms of reference, organising meetings, 
ensuring timely production of working documents. The partner institutions agreed to participate 
in one or more working groups and devote a minimum of 6 working days per year for reviewing 
documents and attending meetings. Experts were contracted with WHO for making scientific 
reviews of existing literature and for contributing to the contents of the project products.   
 
The project activities were performed according to the following sequence. 
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1. Identification of the major health end points relevant to sleep disturbance caused by 
environmental noise (June 2004 – May 2005) 
 
2. Comprehensive identification and systematic review of the existing body of evidence, and 
expert consensus on guideline values (December 2004 – August 2006) 
 
3. Final consultation for harmonizing the proposed guideline values (October 2005 - December 
2006) 
 
4. A final meeting gathering the best available experts and adopting the final guideline values 
for night noise exposure (December 2006) 
 
5.  Reporting and dissemination (December 2006 - March 2007) 
 
The key milestones of project activities were technical meetings of topic-specific experts in the 
field of acoustics, exposure assessment, sleep pathology, accident epidemiology, immunology, 
mental health, and health impact assessment.  The experts produced the background papers 
based on their review of scientific evidence on the impacts of noise on sleep and health. These 
background documents were synthesized into one document proposing health-based guidelines. 
This document was then distributed among the experts and stakeholders for final peer-review.  
The final products of the project were discussed at the final meeting of experts and stakeholders 
where the consensus on the guideline values was reached.  
 
Although some administrative problems arose due to the replacement of two partners at the 
beginning of the project in 2003, the project was implemented according to the plan outlined in 
the project proposal. All meeting reports are attached to this final report as Annexes. These 
meeting reports describe all the activities conducted to achieve the objectives of the project. 
 
The first technical meeting was held in Bonn, at the premises of the WHO/EURO - European 
Centre for Environment and Health, June 2004. It gathered the project partners, experts and 
national government officers to define the work plan and discuss organizational issues. This 
meeting was crucial to define the timetable, allocate responsibilities, organise team coordination, 
the logistics and finance. A first draft of the table of contents of the guidelines document was 
discussed. The WHO prepared the background material of the meeting and each partner 
presented his/her field of knowledge and future role on the project.  WHO suggested the 
partners to cover specialized topics, but they also could decide themselves which issue to 
contribute to.   
 
The second technical meeting took place in Geneva at the WHO/HQ premises, December 
2004. It concentrated on the methodological issues of exposure assessment, metrics, health 
effects, and formulation of guidelines. The partners presented the first draft papers for the 
different identified topics and detailed discussion took place for each one of them. The 
discussions concentrated mainly on central issues like exposure assessment and guideline 
derivation. The WHO organized and prepared the background material and some partners 
prepared papers. The discussion was around the papers and on the way forward, especially to 
address lacks on evidence and what (and how) to consider as health outcome.  
 
The third technical meeting in Lisbon at the premises of the DGS (Direcção Geral da Saúde – 
Portuguese Directorate General for Health), April 2005, reviewed the final version of the 
background papers and discussed how to finalize and build consensus until the end of the 
project. These three meetings contributed to the derivation of guideline values for night noise 
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both for short and long term exposure, and provided the main contents of the Night Noise 
Guidelines document.  
 
The fourth technical meeting was convened in Den Haag, September 2005, focusing on the 
issues on indicators.  Through the workshop of acoustics experts, a consensus was made on the 
use of Lnight as the single indicator for guideline values as it effectively combines the information 
on the number of events and the maximum sound levels per event. This meeting contributed to 
the preparation of the substantiation for an agreement on the night penalty factor to be allocated 
to night time noise in the calculation of Lden.  
 
The final stage of project implementation was delayed due to the departure of initial project 
coordinator and the technical offier from WHO in 2006.  The project was continued by WHO 
temporary advisor, Martin van den Berg, and WHO scientist on noise burden of disease, Rokho 
Kim, since August 2006.  
 
At the final meeting for consensus building in Bonn, December 2006, the experts and 
stakeholders reviewed the final draft of Night Noise Guidelines document.  Based on the 
comments and agreements at the meeting, the final technical report of NNGL project was 
revised again for finalization.     
 
As of March 2007, the two deliverables of the project are posted on the World Wide Web of the 
WHO at www.euro.who.int/noise, as the recommendation of the working group for the Nigh 
Noise Guidelines for Europe. As per agreement between the UN system and the commission, 
title and industrial property rights in the result of the project and the reports and other documents 
relating to it vest in WHO. Notwithstanding the above, WHO will grant the commission the right 
to use freely and as it sees fit all documents deriving from the project, whatever their form.   

Manpower for the execution of the activities 
A complete list of all the persons who have participated in the execution of the project is 
presented below together with the man-days of work, the professional level or category and the 
corresponding unit and total cost. 
 
WHO Personnel 

Person Task 
Xavier Bonnefoy, WHO 
Regional Advisor 

Project coordinator, 

Celia Rodrigues, 
WHO Technical officer 

Assistant to coordinator 

Rokho Kim, 
WHO Scientist 

Coordination since August 2006 

Nuria Aznar, 
WHO Administrative 
Assistant 

Secretary 

Martin van den Berg 
WHO Temporary 
advisor and Dutch 
Ministry of Housing 

Compilation of background documents 
and editing of final guidelines document 

  
 
Partner organisations 
 

http://www.euro.who.int/noise
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Institutions    Person  Tasks  (Specific topics)  
Università La Sapienza 
di Roma Olivero Bruni  Sleep and children 
Queen Mary University Stephen Stansfeld  Mental effects of sleep disturbance 

TNO H.M.E Miedema  Short term effects 

CNRS-CEPA A Muzet   Short term effects 

Medical Faculty, Charles 
University Prague Sona Nevsimalova  Health effects of sleep disturbance 

Instituto Superior 
Tecnico, Departamento 
de Engenharia civil, 
Lisbonne 

Joao de Quinhones 
Levy  General approach of environment related health 

Initial review of cognitive impairment 

Laboratory of applied 
psychology, Center for 
built environment, Gävle Staffan Hygge Re-review of cognitive impairment 

Federal Environmental 
Agency, Division of 
Environment and 
Health, Berlin Wolfgang Babisch  Cardio-vascular diseases 

INRETS LTE Jacques Beaumont  Indicators of night time noise 
Landesgesundheitsamt 
Baden-Würtemberg, 
Stuttgart Snezana Jovanovic  Accidents in children 

ARPAT Gaetano Licitra  Acoustic aspects 

RIVM Bilthoven Danny Houthuijs  Epidemiolo-gical aspects 
Institute of Social 
Medecine, University of 
Innsbruck Peter Lercher  Epidemiolo-gical aspects 

Katedra i klinika 
Psychiatryczna, Warsaw Michal Skalski  Mental effects of sleep disturbance 
Institute of Public Health 
of the Republic of 
Slovenia, Ljubljana Leja Dolenc Groselj  Health consequence of sleep disturbance 
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Partners involved 
The project was implemented in collaboration with 17 partners from 12 European Countries 
(Annex 1). In addition to the formal project partners, WHO received advice and support from a 
number of international experts, industry associations, non-governmental organizations and 
other stakeholders regarding specific aspects of the night time noise issues (Annex 2).    
 

• Institute of Hygiene and Social Medicine, University of Innsbruck, Austria 
• Univerzita Karlova v Pragze - Medical Faculty Charles University, Czech Republic 
• National Institute of Public Health, Denmark 
• INRETS / LTE - Laboratoire Transports et Environnement, France 
• Centre National de Recherche Scientifique Centre d'études de Psysiologie Appliquée, 

France 
• Umweltbundesamt - Federal Environmental Agency, Germany 
• Landesgesundheitsamt Baden-Württemberg, Germany 
• ARPAT Dipartimento Provinciale di Pisa, Italy 
• University of Rome "La Sapienza" - Center for Pediatric Sleep Disorders, Italy 
• EC Joint Research Centre, Institute for Health & Consumer Protection, Italy 
• TNO - Netherlands Organisation for Applied Scientific Research, The Netherlands 
• RIVM - National Institute of Public Health, The Netherlands 
• Katedra i Klinika Psychiatryczna, AM Warszawie, University of Warsaw, Poland 
• IST / CESUR - Centro de Estudos Urbanos e Regionais, Portugal 
• Institute of Public Health, The Republic of Slovenia 
• University of Gävle, Centre for Built Environment, Sweden 
• Queen Mary and Westfield College University of London, UK 

 
The themes and work were assigned to the partners on mutual agreement at the first meeting as 
below.  
 

WORK ASSIGNMENT FOR NNGL DEVELOPMENT 

Themes Responsible expert* 

i. Setting the scene 
Sources, metrics, sensitive areas, number of people 
exposed, trends, number of events, variations during the 
night, overview of legislation…. 

 

 
Lercher, Licitra, 
Beaumont, Levy  

ii. Uncertainty in exposure Kephalopoulos 
 

iii. Instantaneous effects  
Major sleep disturbances, moderate sleep disturbances, 
other  

 
Muzet, Miedema 
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iv. Cardiovascular effects, Hypertension 

 

 
Babisch 
 

v. Immune system 
Hormones excretion, decreased glucose assimilation, … 

 
 

Maschke (Depending on 
the expert’s agreement)  

 
vi. Other health outcomes ,  

i. Physical (fatigue, drowsiness, 
sleepiness, …)  

 
ii. Cognitive impairment (deterioration of 
performance, attention and motivation and 
diminishment of mental concentration and 
intellectual capacity and, increases the 
chances of accidents at work and during 
driving,…)   

 
iii. Accidents (this point needs special 

attention although covered in a) and b) 
 

iv. Mental health  
 

v. Sleep pathologies  
 

 

 
 
Gale  
 
 
Hygge 
 
 
 
Jovanovic  
 
 
 
Stansfeld, Skalski 
 
 
Nevsimalova  

vii. Animal studies  Ising (Depending on the 
expert’s agreement)  
 

viii. Scoring the evidence 
 

Boegli 
 

ix. Guidelines derivation, methodology aspects  Van den Berg 

x. Risk groups  
 

Bistrup, Kahn  
Passchier Veermer 
 

xi. Meta-analysis 
 

Houthuijs  

xii. Neighbourhood noise (night)  Grimwood 

*See Annex 2 to find the partner insitutes of responsible experts. 
 

Countries involved 
 
The following countries and their institutes were involved in the project.  All institutes of these 
countries were sent the draft document of night noise guidelines for their review and comments.  
The final document are sent to all of these institutes for further dissemination. 
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AUSTRIA 

Institute of Hygiene and Social Medicine, University of Innsbruck 
 
CZECH REPUBLIC 

Univerzita Karlova v Pragze - Medical Faculty Charles University 
 
DENMARK 

National Institute of Public Health 
 
FRANCE 

INRETS / LTE - Laboratoire Transports et Environnement 
Centre National de Recherche Scientifique Centre d'études de Psysiologie Appliquée 

 
GERMANY 

Umweltbundesamt - Federal Environmental Agency 
Landesgesundheitsamt Baden-Württemberg 

 
ITALY 

ARPAT Dipartimento Provinciale di Pisa 
University of Rome "La Sapienza" - Center for Pediatric Sleep Disorders 

 
NETHERLANDS 

TNO - Netherlands Organisation for Applied Scientific Research 
RIVM - National Institute of Public Health 

 
POLAND 

Katedra i Klinika Psychiatryczna, AM Warszawie, University of Warsaw 
 
PORTUGAL 

IST / CESUR - Centro de Estudos Urbanos e Regionais 
 
SLOVENIA 

Institute of public health of the republic of Slovenia 
 
SWEDEN 

University of Gävle, Centre for Built Environment 
 
UNITED KINGDOM 

Queen Mary and Westfield College University of London 
 
 
In addition to the formal project partners, WHO has received advice and support from a number 
of national experts regarding specific aspects of the night noise issues. The affiliations of these 
additional expert advisers include: 
 
CANADA  -  Health Canada 
GERMANY  -  Forschungs- und Beratungsbüro  
SWITERLAND  -  Bundesamt für Umwelt, Wald und Landschaft 
SWITZERLAND  -  Universität St. Gallen, Institut für Wirtschaft und Ökologie 
THE NETHERLANDS  -  Ministry of Housing, Spatial Planning and Environment  
UNITED KINGDOM  -  Casella Stanger Environmental Consultants 
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Achievement of the objectives 
 
The project achieved all of the objectives as of December 2006.  
 
The first deliverable of the project is a full report proposing health based guideline values for 
night noise exposure supported with the best available scientific evidence and possible 
exposure response curves.  The executive summary is enclosed in this report as the first part of 
three project results.  The full document is enclosed as the second part. 
 
The second deliverable is a report describing the expert consensus on possible ways to amend 
the penalty added to night noise levels in the calculations of Lden.  The technical report on this 
topic is enclosed as the third part of projects results. 
 
It turned out to be technically impossible to propose the attributable fraction of risk for any health 
end points due to lack of exposure data. Although the evidence on the exposure-response 
relationship is often available in the scientific literature, the population´s exposure to night noise 
in terms of Lnight are still lacking in many countries.  This is because Lnight is a new indicators 
atoped by Environmental Noise Directive.  Once after the noise directive is enforced for the 
reporting of noise map from June 2007, night noise exposure data will be available in most of 
EU member states.  WHO is continuing another project to develop methodlogy of estimating 
burden of disease from environmental noise, Noise EBD project, of which the report will be 
available at the end of 2007.   
 
In conclusion, the NNGL project produced the expected results listed in the proposal.  Guideline 
values for night noise are based on L night from all sources (either single or combined), integrating 
air traffic, road traffic, rail traffic and mixed sources into one summary scale. The vulnerability of 
children to night noise were explicitly addressed in the rationale of guidelines along with the 
chronically ill and the elderly.  A dose-response curve for the levels of exposure above the 
guideline values are also provided. The extensive list of the references used for deriving the 
guidelines were provided. This project supported the development of the noise indicators for the 
EU public health monitoring program in the framework of the ECOEHIS project. 
  
The projects results provide the rationale and the scientific background for drafting a  proposal 
for modifying, if need be, the correction factor proposed for night noise exposure in paragraph 1 
of the annex 1 of the directive 2002/49/EC of the 25/06/2002 related to the assessment and 
management of Environmental noise. The current consensus is to keep the 10dB penalty for 
night noise until other compelling arguements and evidence emerge in the future. 
   
All of five meeting reports of the NNGL project were prepared and published on WHO website. 
 
Night time air traffic as well as railway freight traffic is likely to increase dramatically between 
now and 2030 (OECD 2002, Policy Instruments for Achieving EST: Report on Phase 3 of the 
EST Project). Harmonized legislation based on solid scientific evidence will certainly contribute 
to improving health of all Europeans, especially, of the citizens of the countries where the public 
awareness and the legislations are currently rudimentary and scarce around the issue of night 
noise. The results of the project will provide the commission with elements on which it will be 
possible to base regulations aiming at enforcing implementation of actions as a consequence of 
the monitoring of night noise levels performed according to the directive 2002/49/EC.  
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1 Introduction 
The aim of this document is to present the conclusions of the World Health Organization (WHO) 
working group responsible for preparing guidelines for exposure to noise during sleep. This 
document can be seen as an extension of the WHO Guidelines for Community Noise (2000). The 
need for “health-based” guidelines originated in part from the European Union Directive 
2002/49/EC relating to the assessment and management of environmental noise (commonly 
known as the Environmental Noise Directive and abbreviated as END) which will compel 
European Union Member States to produce noise maps and data about night exposure from mid-
2007. The work was made possible by a grant from the European Commission and contributions 
from the Swiss and German governments.  

Although a number of countries do have legislation directed at controlling night noise exposure, 
there is little information on actual exposure and its subsequent effects on the population. 
Estimates made in some countries of the number of people highly disturbed by noise during sleep 
(see Figure 1 for the Netherlands as an example) indicate that a substantial part of the population 
could be exposed to levels that might risk their health and well-
being

 
Figure 1. Percentage of population highly disturbed by noise during sleep in the Netherlands. 
Survey results for 1998 and 2003.  

 

As direct evidence concerning the effects of night noise on health is rarely available, these 
guidelines also use indirect evidence: the effects of noise on sleep and the relations between sleep 
and health. The advantage of this approach is that a lot of medical evidence is available on the 
relation between sleep and health, and detailed information also exists on sleep disturbance by 
noise.  
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2 Process of developing guidelines 
In 2003, the WHO Regional Office for Europe set up a working group of experts to provide 
scientific advice to the European Commission and to its Member States for the development of 
future legislation and policy action in the area of control and surveillance of night noise exposure. 
The review of available scientific evidence on the health effects of night noise was carried out by 
an interdisciplinary team who set out to derive health-based guideline values. The contributions 
from the experts were reviewed by the team and integrated into draft reports following discussion 
at four technical meetings of the working group. In 2006, all the draft reports were compiled into 
a draft document on guidelines for exposure to noise at night, which was reviewed and 
commented on by a number of stakeholders and experts. 

At the final conference in Bonn, Germany, on 14 December 2006, representatives from the 
working group and stakeholders from industry, government and nongovernmental organizations 
reviewed the contents of the draft document chapter by chapter, discussed several fundamental 
issues and reached general agreement on the guideline values and related texts to be presented as 
conclusions of the final document of the WHO Night Noise Guidelines for Europe.  

3 Noise indicators 
From the scientific point of view the best criterion for choosing a noise indicator is its ability to 
predict an effect. Therefore, for different health end points, different indicators could be chosen. 
Long-term effects such as cardiovascular disorders are more correlated with indicators 
summarizing the acoustic situation over a long time period, such as yearly average of night noise 
level outside at the façade (Lnight,outside

1), while instantaneous effects such as sleep disturbance are 
better with the maximum level per event (LAmax), such as passage of a lorry, aeroplane or train.  

From a practical point of view, indicators should be easy to explain to the public so that they can 
be understood intuitively. Indicators should be consistent with existing practices in the legislation 
to enable quick and easy application and enforcement.  

Lnight,outside, adopted by the END, is an indicator of choice for both scientific and practical use. 
Among currently used indicators for regulatory purposes, LAeq (A-weighted equivalent sound 
pressure level) and LAmax are useful to predict short-term or instantaneous health effects. 

4 Sleep time 
Time use studies, such as that undertaken by the Centre for Time Use Research, 2006 
(www.timeuse.org/access/), show that the average time adult people are in bed is around 7.5 
hours, so the real average sleeping time is somewhat shorter. Due to personal factors like age and 
genetic make-up there is considerable variation in sleeping time and in beginning and end times. 
For these reasons, a fixed interval of 8 hours is a minimal choice for night protection.  

Though results vary from one country to another, data show (see Figure 2 as an example) that an 
8 hour interval protects around 50% of the population and that it would take a period of 10 hours 
to protect 80%. On Sundays, sleeping time is consistently 1 hour longer, probably due to people 
recovering from sleep debt incurred during the week. It should also be borne in mind that (young) 
children have longer sleeping times. 

                                                 
1 Lnight is defined in the END as the outside level. In order to avoid any doubt, the suffix “outside” 
is added in this document. 
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Figure 2. Percentage of time that the Portuguese population spend asleep or in different activities. 

 

5 Noise, sleep and health 
There is plenty of evidence that sleep is a biological necessity, and disturbed sleep is associated 
with a number of health problems. Studies of sleep disturbance in children and in shift workers 
clearly show the adverse effects. 

Noise disturbs sleep by a number of direct and indirect pathways. Even at very low levels 
physiological reactions (increase in heart rate, body movements and arousals) can be reliably 
measured. Also, it was shown that awakening reactions are relatively rare, occurring at a much 
higher level than the physiological reactions. 

The working group agreed that there is sufficient evidence that night noise is related to self-
reported sleep disturbance, use of pharmaceuticals, self-reported health problems and insomnia-
like symptoms. These effects can lead to a considerable burden of disease in the population. For 
other effects (hypertension, myocardial infarctions, depression and others), limited evidence was 

Sufficient evidence: A causal relation has been established between exposure to night 
noise and a health effect. In studies where coincidence, bias and distortion could 
reasonably be excluded, the relation could be observed. The biological plausibility of the 
noise leading to the health effect is also well established. 
Limited evidence: A relation between the noise and the health effect has not been observed 
directly, but there is available evidence of good quality supporting the causal association. 
Indirect evidence is often abundant, linking noise exposure to an intermediate effect of 
physiological changes which lead to the adverse health effects. 
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found: although the studies were few or not conclusive, a biologically plausible pathway could be 
constructed from the evidence.  

An example of a health effect with limited evidence is myocardial infarctions. Although evidence 
for increased risk of myocardial infarctions related to Lday is sufficient according to an updated 
meta-analysis, the evidence in relation to Lnight,outside was considered limited. This is because 
Lnight,outside is a relatively new exposure indicator, and few field studies have focused on night 
noise when considering cardiovascular outcomes. Nevertheless, there is evidence from animal 
and human studies supporting a hypothesis that night noise exposure might be more strongly 
associated with cardiovascular effects than daytime exposure, highlighting the need for future 
epidemiological studies on this topic.  

The review of available evidence leads to the following conclusions. 

• Sleep is a biological necessity, and disturbed sleep is associated with a number of adverse 
impacts on health. 

• There is sufficient evidence for biological effects of noise during sleep: increase in heart 
rate, arousals, sleep stage changes, hormone level changes and awakening.  

• There is sufficient evidence that night noise exposure causes self-reported sleep 
disturbance, increase in medicine use, increase in body movements and (environmental) 
insomnia. 

• While noise-induced sleep disturbance is viewed as a health problem in itself 
(environmental insomnia) it also leads to further consequences for health and well-being. 

• There is limited evidence that disturbed sleep causes fatigue, accidents and reduced 
performance. 

• There is limited evidence that noise at night causes clinical conditions such as 
cardiovascular illness, depression and other mental illness. It should be stressed that a 
plausible biological model is available with sufficient evidence for the elements of the 
causal chain. 

6 Vulnerable groups 
Children have a higher awakening threshold than adults and therefore are often seen to be less 
sensitive to night noise. For other effects, however, children seem to be equally or more reactive 
than adults. As children also spend more time in bed they are exposed more and to higher noise 
levels. For these reasons children are considered a risk group. 

Since with age the sleep structure becomes more fragmented, elderly people are more vulnerable 
to disturbance. This also happens in pregnant women and people with ill health, so they too are a 
group at risk. 

Finally, shift workers are at risk because their sleep structure is under stress due to the 
adaptations of their circadian rhythm. 

7 Thresholds for observed effects 
The (no) observed adverse effect level (NOAEL) is a concept from toxicology, and is defined as 
the greatest concentration which causes no detectable adverse alteration of morphology, 
functional capacity, growth, development or lifespan of the target organism. For the topic of 
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night noise (where the adversity of effects is not always clear) this concept is less useful. Instead, 
the observed effect thresholds are provided: the level above which an effect starts to occur or 
shows itself to be dependent on the exposure level. It can also be a serious pathological effect, 
such as myocardial infarctions, or a changed physiological effect, such as increased body 
movement. 

Threshold levels of noise exposure are important milestones in the process of evaluating the 
health consequences of environmental exposure. The threshold levels also delimit the study area, 
which may lead to a better insight into overall consequences. In Table 1, all effects are 
summarized for which sufficient or limited evidence exists. For the effects with sufficient 
evidence the threshold levels are usually well known, and for some the dose-effect relations over 
a range of exposures could also be established.  
 
Table 1. Summary of effects and threshold levels for effects where sufficient evidence is 
available1 

 Effect Indicator Threshold, dB 

Change in cardiovascular activity  * * 

EEG awakening LAmax,inside 35 

Motility, onset of motility LAmax,inside 32 

 
 
 
 
 
Biological effects 
 

Changes in duration of various 
stages of sleep, in sleep structure 
and fragmentation of sleep 

LAmax,inside 35 

Waking up in the night and/or too 
early in the morning  

LAmax,inside 42 

Prolongation of the sleep inception 
period, difficulty getting to sleep 

* * 

Sleep fragmentation, reduced 
sleeping time 

* * 

 
 
 
 
 
Sleep quality 

Increased average motility when 
sleeping 

Lnight,outside  42 

Self-reported sleep disturbance  Lnight,outside 42  
 
Well-being 
 Use of somnifacient drugs and 

sedatives  
Lnight,outside 40 

Medical conditions Environmental insomnia1  Lnight,outside 42 
 

* Although the effect has been shown to occur or a plausible biological pathway could be constructed, indicators or 
threshold levels could not be determined.  
1 Please note that “environmental insomnia” is the result of diagnosis by a medical professional whilst “self-reported 
sleep disturbance” is essentially the same, but reported in the context of a social survey. Number of questions and 
exact wording may differ. 
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Table 2. Summary of effects and threshold levels for effects where limited evidence is available1 
 Effect Indicator Estimated 

threshold, dB 

Biological effects Changes in (stress) hormone levels  * * 

Drowsiness/tiredness during the day 
and evening  

* * 

Increased daytime irritability  * * 

Impaired social contacts  * * 

Complaints Lnight,outside 35 

 
 
 
Well-being  

Impaired cognitive performance  * * 

Insomnia  * * 

Hypertension  Lnight,outside 
(probably 
depending on 
daytime 
exposure as 
well) 

50 

Obesity * * 

Depression (in women) * * 

Myocardial infarction  Lnight,outside 
(probably 
depending on 
daytime 
exposure as 
well) 

50 

Reduction in life expectancy 
(premature mortality) 

* * 

Psychic disorders Lnight,outside 60 

 
 
 
 
 
 
 
 
Medical conditions 

(Occupational) accidents  * * 
 

* Although the effect has been shown to occur or a plausible biological pathway could be constructed, indicators or 
threshold levels could not be determined.  
1 Please note that as the evidence for the effects in this table is limited, the threshold levels also have a limited 
weight. In general they are based on expert judgement of the evidence. 

8 Relations with Lnight,outside 

Over the next few years, the END will require that night exposures are reported in Lnight,outside. It 
is, therefore, interesting to look into the relation between Lnight,outside and adverse health effects. 
The relation between the effects listed in Tables 1 and 2 and Lnight,outside is, however, not 
straightforward. Short-term effects are mainly related to maximum levels per event inside the 
bedroom: LAmax,inside. In order to express the (expected) effects in relation to the single European 



   22

Union indicator, some calculation needs to be done. The calculation for the total number of 
effects from reaction data on events (arousals, body movements and awakenings) needs a number 
of assumptions. The first that needs to be made is independence: although there is evidence that 
the order of events of different loudness strongly influences the reactions, the calculation is 
nearly impossible to carry out if this is taken into consideration. Secondly, the reactions per event 
are known in relation to levels at the ear of the sleeper, so an assumption for an average 
insulation value must be made. In the report a value of 21 dB has been selected. This value is, 
however, subject to national and cultural differences. One thing that stands out is the desire of a 
large part of the population to sleep with windows (slightly) open. The relatively low value of 21 
dB takes this into account already. If noise levels increase, people do indeed close their windows, 
but obviously reluctantly, as complaints about bad air then increase and sleep disturbance 
remains high. This was already pointed out in the WHO Guidelines for Community Noise (2000). 

From source to source the number of separate events varies considerably. Road traffic noise is 
characterized by relatively low levels per event and high numbers, while air and rail traffic are 
characterized by high levels per event and low numbers. For two typical situations estimates have 
been made and presented in graphical form. The first is an average urban road (600 motor 
vehicles per night, which corresponds roughly to a 24 hour use of 8000 motor vehicles, or 3 
million per year, the lower boundary the END sets) and the second case is for an average 
situation of air traffic exposure (8 flights per night, nearly 3000 per year).  

 
Figure 3. Effects of road traffic noise at night.   

 

Figure 3 shows how effects increase with an increase of Lnight,outside values for the typical road 
traffic situation (urban road). A large number of events lead to high levels of awakening once the 
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threshold of Lmax,inside is exceeded. To illustrate this in practical terms: values over 60 dB 
Lnight,outside occur at less then 5 metres from the centre of the road.  

 
Figure 4. Effects of aircraft noise at night 
 

In Figure 4 the same graph is presented for the typical airport situation. Due to a lower number of 
events there are fewer awakenings than in the road traffic case (Figure 3), but the same or more 
health effects. In these examples the worst case figures can be factors higher: the maximum 
number of awakenings for an Lnight,outside of 60–65 dB is around 300 per year.  

A recent study suggests that high background levels of noise (from motorways) with a low 
number of separate events can cause high levels of average motility. 

Therefore, by using the Lnight,outside as a single indicator, a relation between effects and indicator 
can be established. For some effects, however, the relation can be source dependent. Although 
Lnight gives a good relation for most effects, there is a difference between sources for some. Train 
noise gives fewer awakenings, for instance. Once source is accounted for, the relations are 
reasonably accurate. 

9 Recommendations for health protection  

Sleep is an essential part of human functioning and is recognized as a fundamental right under the 
European Convention on Human Rights.2  Based on the evidence of the health effects of night 

                                                 
2 Article 8.1: “Everyone has the right to respect for his private and family life, his home and his correspondence.” 
Although, in the case against the United Kingdom, the European Court of Human Rights ruled that the United 
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noise, an overall summary of the relation between night noise levels and health effects, and 
stepwise guideline values are presented as shown in Table 3 and 4, respectively. 

 
Table 3. Summary of the relation between night noise and health effects in the population 

Lnight,outside up to 30 dB  Although individual sensitivities and circumstances 
differ, it appears that up to this level no substantial 
biological effects are observed.  

Lnight,outside of 30 to 40 dB  
 
 
  

A number of effects are observed to increase: body 
movements, awakening, self-reported sleep 
disturbance, arousals. With the intensity of the effect 
depending on the nature of the source and on the 
number of events, even in the worst cases the effects 
seem modest. It cannot be ruled out that vulnerable 
groups (for example children, the chronically ill and the 
elderly) are affected to some degree. 

Lnight,outside of 40 to 55 dB  There is a sharp increase in adverse health effects, and 
many of the exposed population are now affected and 
have to adapt their lives to cope with the noise. 
Vulnerable groups are now severely affected. 

Lnight,outside of above 55 dB  The situation is considered increasingly dangerous for 
public health. Adverse health effects occur frequently, 
a high percentage of the population is highly annoyed 
and there is some limited evidence that the 
cardiovascular system is coming under stress. 

 

Especially in the range Lnight,outside from 30 to 55 dB, a closer look may be needed into the precise 
impact as this may depend much on the exact circumstances. Above 55 dB the cardiovascular 
effects become the dominant effect, which is thought to be less dependent on the nature of the 
noise. 

From Table 1, it is clear that a number of instantaneous effects are related to threshold levels 
expressed in LAmax. The health relevance of these effects cannot be easily established. It can be 
safely assumed, however, that an increase in the number of such effects over the base line may 
constitute an subclinical adverse health effect.  

For the primary prevention of subclinical adverse health effects in the population related to night 
noise, it is recommended that the population should not be exposed to night noise levels greater 
than 30 dB of Lnight,outside during the night when most people are in bed.  Therefore, Lnight,outside 30 
dB is the ultimate target of Night Noise Guideline (NNGL) to protect the public, including the 
most vulnerabl groups such as children, the chronically ill and the elderly, from the adverse 
health effects of night noise.  

                                                                                                                                                              
Kingdom government was not guilty of the charges, the right on undisturbed sleep was recognized (the Court’s 
consideration 96). 
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Two interim targets are proposed for the countries where the NNGL cannot be achieved in a short 
period for various reasons, and where policy-makers choose to adopt a stepwise approach at the 
local or national levels (Table 4).  
 
Table 4. Proposed night noise guidelines and interim targets  
Interim target I (IT-I) Lnight,outside = 55 dB 
Interim target II (IT-II) Lnight,outside = 40 dB 
Night noise guideline (NNGL) Lnight,outside = 30 dB 

All countries are encouraged to reduce gradually the size of the population exposed to levels over 
the interim targets, 40 dB of Lnight,outside (IT-I) and 55 dB of Lnight,outside (IT-II), as effectively as 
possible.  

It is highly recommended to carry out risk assessment and management activities at national level 
targeting the exposed population, and aiming at reducing night noise to the level below IT-I and 
IT-II.  IT-II can be used for health impact assessment of new projects (e.g., highways, railways, 
airports or new residential areas) even before the achievement of IT-I, as well as for the risk 
assessment of the whole population. In the long run the NNGL would be best achieved by control 
measures on the sources along with other comprehensive approaches. 
 

10 Relation to the 2000 WHO Guidelines for Community Noise  
The WHO Guidelines for Community Noise, published in 2000, also address night noise. As they 
are based on studies carried out up to 1995 (and a few meta-analyses some years after), important 
new studies have become available since then, together with new insights into normal and 
disturbed sleep. 

The currently recommended guideline values of Lnight,outside = 30 dB, 40dB, 55 dB are not directly 
comparable with the 2000 guideline value of LAmax,inside = 45 dB(A) because the sound level units 
are different.  However, it is clear that new information since 2000 has made more precise 
assessment of the risk from night noise. The thresholds for a number of effects are now known, 
and this is much lower than an LAmax,inside of 45 dB.  

One important recommendation still stands: there are good reasons for people to sleep with their 
windows open, and to prevent sleep disturbances one should consider the equivalent sound 
pressure level and the number of sound events. The present guidelines allow relevant authorities 
and stakeholders to do this. Viewed in this way, the present guidelines may be considered as an 
extension to, as well as an update of, the 2000 WHO Guidelines for Community Noise. That also 
means that the recommendations contained in the sections on noise management and control of 
2000 document can be applied to the guideline values of this document. 
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to environmental stimuli, 25 three-month-old healthy infants with a median age of 9 months were
exposed to an auditory challenge while sleeping successively prone or supine (Franco et al. 1998).
Three infants were excluded from the study because they awoke while their position was being

changed. For the 22 infants included in the analysis, more intense auditory stimuli were needed to
arouse the infants in the prone position (median of 70 db(A), range values 50 to more than 100
db(A)) than in the supine position (median of 60 db(A), range values 50 to 90 db(A))  (p=.011).

Arousal thresholds were higher in the prone than in the supine position in 15 infants; unchanged in
4 infants; and lower in the prone position in 3 infants (p=.007). It was concluded that infants show
higher arousal thresholds to auditory challenges when sleeping in the prone position than when

sleeping in the supine position. The findings could not readily be explained. The difference in
arousal thresholds could be related to difference in chest wall mechanoreceptor responses, or
differences in blood pressure and/or central baroreceptors responses.

- Ambient room temperature
Two groups of healthy infants with a median age of 11 weeks were recorded polygraphically

during one night: 31 infants were studied at 24°C and 31 infants at 28°C. To determine their
arousal thresholds, the infants were exposed to white noises of increasing intensities during REM
and NREM sleep (Franco et al. 2001). The arousal thresholds decreased across the night in the

infants sleeping at 24°C (p= .017). The finding was not found for the infants sleeping at 28°C.
When analysing the arousal responses according to time of the night, it was found that the
auditory thresholds were significantly higher at 28°C (75+/-19 dB(A)) than at 24°C (51+/-3.5

dB(A)) between 03:00 hr and 06:00 hr (p=.003). These findings were only seen in REM sleep.

- Sleeping with the head covered by bedclothes

To evaluate the influence of covering the face of sleeping infants with a bed sheet, 18 healthy
infants with a median of 10.5 weeks (range 8 to 15 weeks) were recorded polygraphically for one
night (Franco et al. 2002). They slept in their usual supine position. During sleep, a bed sheet was

gently placed on their face during 60 minutes. With the face free or covered by the sheet, the
infants were exposed to white noises of increasing intensities during REM and NERM sleep.
Compared to face free, during the face-covered periods, the infants had increases in pericephalic

ambient temperature (p<.001), increases in REM sleep (p=.035) and body movements (p=.011)
and a decrease in NREM sleep (p<.001). Respiratory frequency was increased in both REM
(p=.001) and NREM (p<.001) sleep. With their face covered, the infants had higher auditory

arousal thresholds (mean of 76+/-23 dB(A)) than whith the face free (mean of 58+/-14 dB(A))
(p=.006). The difference was seen in REM sleep only. A positive correlation was found between
pericephalic temperature and arousal thresholds in REM sleep (r=.487; p=.003).

- Short sleep deprivation
Following short sleep deprivation, a study reported that in infants there was no measurable change

in arousal propensity by auditory stimuli (1 kHz pure tone, delivered in the midline of the cot,
from 73 dB and increased in 3 dB steps to 100 dB) during quiet sleep (Thomas et al. 1996).
Another study was undertaken to evaluate the influence of a brief period of sleep deprivation on

sleep and arousal characteristics of healthy infants (Franco et al. submitted). Thirteen healthy
infants with a median age of 8 weeks (range 7 to 18 weeks) were recorded polygraphically during
a morning nap and an afternoon nap in a sleep laboratory. They were two hours sleep-deprived,

either in the morning or in the afternoon before being allowed to fall asleep. Six infants were
sleep-deprived before the morning nap and seven before the afternoon nap. During each nap, the
infants were exposed to white noises of increasing intensities in REM sleep to determine their

arousal thresholds. Following sleep deprivation, the infants tended to have less gross body
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movements during sleep (p = .054). They had a significant increase in obstructive sleep apneas (p
= .012). The infants'auditory arousal thresholds were significantly higher following
sleep-deprivation (mean of 76+/-13.5 dB(A)) than during normal sleep (mean of 56+/-8.4 dB(A))

(p = .003) during REM sleep. It was concluded that short-term sleep deprivation in infants is
associated with the development of obstructive sleep apneas and a significant increase in arousal
thresholds.

- Pacifiers and breastfeeding
Fifty-six healthy infants were studied polygraphically during one night: 36 infants used a pacifier

regularly during sleep; 20 never used a pacifier (Franco et al. 2000). Thumb users or occasional
pacifier users were not included in the study. The infants were recorded at a median age of 10
weeks (range 6-19 weeks). To evaluate their auditory arousal thresholds, the infants were exposed

to white noise of increasing intensity during REM sleep. Polygraphic arousals occurred at
significantly lower auditory stimuli in pacifier-users than in nonusers (mean of 60+-11.6 with
pacifiers, for 71+-15.3 without pacifier; p=.010). Compared to nonusers, pacifier-users were more

frequently bottle-fed than breastfed (p=.036).

Among infants sleeping without a pacifier, breast-fed infants had lower auditory thresholds than

bottle-fed infants (mean of 67.7+-13.0 breast-fed, for 77.7+-17.5 bottle-fed; p=.049). The question
of how a pacifier contributes to protect the sleeping infant might be best explained by the observed
loss of the pacifier early after sleep onset. This could contribute to disrupt the infant's sleep and

favor arousals.

1.3 Factors that modify auditory arousal thresholds in children: Conclusions 

Various factors modify auditory arousal responses from sleep in healthy infants. Some inhibit
arousals  while others enhance the response. To evaluate the effect and dose-effect relationship on

children therefore requires the careful determination of confounders that may bias studies and lead
to conflicting results. 

Additional confounders should be added to the list of factors that modify arousal thresholds. These
include past experience with the stimulus (Rechtschaffen et al. 1966),  or the presence of meaning
in the noise as both of them are of critical importance in determining the persistence of physical

reactions to the noise (McLean and Tarnopolsky 1977). These are the reasons which lead most
sleep-wake researchers to use white noises to stimulate the sleeping child.

Knowledge of these variables does little to clarify the physiological determinants of the awakening

response, because we have little better idea of how such variables are related to possible
physiological determinants than we have for the awakening response itself  (Rechtschaffen et al.
1966).

These findings however,  underline the significant dose-response relationship between ambient
noise and arousal or awakening from sleep in infants.

2 Noise and sleep for different stages of development
2.1 The fetus

The human fetus spends most of its time in a state equivalent to sleep, similar to that recorded in
newborn infants. The healthy fetus in utero was shown to react to external noises. This is the result

of the development of the human cochlea and peripheral sensory end organs. These  complete
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their normal development by 24 weeks of gestation. Sound is well transmitted into the uterine
environment. Ultrasonographic observations of blink-startle responses to vibroacoustic stimulation
are fist elicited at 24 to 25 weeks of gestation, and are consistently present after 28 weeks,

indicating maturation of the auditory pathways of the central nervous system (Committee 1997).
The fetus reacts to 1 to 4 seconds of 100 to 130 dB of 1220- to 15000-Hz sound. The hearing
threshold (the intensity at which one perceives sound) at 27 to 29 weeks of gestation is

approximatively 40 dB and decreases to a nearly adult level of 13.5 dB by 42 weeks of gestation,
indicating continuing postnatal  maturation of these pathways.

Teratogenic effects have been described in animals prenatally exposed to noise (Committee 1997).
These were associated with higher levels of cortisol and corticotropin hormones in the exposed
animals. No such effects could be demonstrated in humans, in whom studies on the relation

between exposure to noises during gestation and shortened gestation or lower birth weights were
inconclusive or conflicting. It is possible that in these studies, noise could be a marker of other risk
factors (Committee 1997). In conclusions, most studies on the effects of noise on perinatal health

have been criticised, as being hampered by serious methodological limitations, both in terms of
the measurement of exposure and outcome, and failure to control for other known determinants of
the outcomes under investigation. The lack of properly controlled studies makes it difficult to

draw conclusions about which effects ambient noise have on perinatal outcomes (Morrell et al.
1997).

2.2 Newborn infants

A large number of investigations have been concerned with the responses of asleep newborn

infants to acoustic signals. Many of the studies arise from a large and general interest in child
development as well as from a need for hearing tests of infants (Mills 1975).

Infant incubators produce continuous noise levels of between 50 and 86 db (linear) (American
1974). Oxygen inlets produced an additional 2 dB (linear). Slamming of incubator doors and
infant crying produced 90 to 100 dB(A) (American 1974). It was shown that inside incubators,

background noise level is about 50 dBA and can reach 120 dBA (Committee 1997). Much of the
energy is located below 500 Hz, between 31 and 250 Hz (Mills 1975).

Ambient noise appear to influence the quantity and quality of the sleep of newborns. Some
newborns appear to be particularly responsive to ambient noises. Sleeping premature, anoxic, or
brain-damaged infants detect intruding sounds better than sleeping, healthy, or term babies (Mills

1975).  

Newborn infants spend most of their time sleeping. Some studies have documented hearing loss in

children cared for in intensive care units (Committee 1997). Noise and some ototoxic drugs act
synergistically to produce pathological changes of the inner ears of experimental animals
(neomycin, kanamycin, sodium salicylate…). The relationship with the infant's clinical condition

and associated treatments has however not yet been clearly defined. Infants exposed to sound
levels of incubators are usually premature, on drugs, and in very poor health. Moreover, the
exposures are continuous. A weak infant could spend weeks sleeping in such noise level without

rest periods away from noise (Mills 1975).

High noise levels may be associated with other types of responses. In young infants, sudden loud

noise (of approximately 80 dB) environmental noise induced hypoxemia. 
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Noise reduction was associated in neonates with increases in sleep time, in particular in quiet sleep
(Committee 1997). It also resulted in fewer days of respiratory support and oxygen
administration. Premature infants cared with noise reduction had a better maturation of

electroencephalograms.

A Committee on Environmental Health of the American Academy of Pediatrics concluded that

high ambient noises in the NICU changed the behavioural and physiological responses of infants
(Committee 1997). For all the above observations and considerations, sound in infant intensive
care units should be maintained under 80 dB(A) (Graven 2000). Among other recommendations,

pediatricians were encouraged to monitor sound in the NICU, and within incubators, where a
noise level >45 dB is of concern.

2.3 Infants (1 month to 1 year-old).

Some studies of the effect of external noises on the sleep-wake reactions of infants were conducted

in their natural home environment. The reactions of babies to aircraft noise were studied by means
of electroplethysmography (PLG) and EEG (Ando and Hattori 1977). The recordings were done
in the morning, in the infants' sleeping rooms. The infants were exposed to recorded noise of

Boeing 727 at take off. The noise was presented at 70, 80 and 90 dB(A) in the peak level at the
position of the babies'heads. The subjects, who had not been awakened by exposure to aircraft
noise, were exposed to music (Beethoven's 9th Symphony) in levels of 70, 80 and 90 dB(A). The

frequency ranged between 100 Hz and 10 kHz. It was found that the babies whose mothers had
moved to the area around the Osaka International Airport before conception (Group I; n=33) or
during the first five months of pregnancy (Group II; n=17) showed little or no reaction to aircraft

noise. In contrast, babies whose mothers had moved closer to the airport during the second half of
the pregnancy or after birth (Group III; n=10 or IV; n=3) and the babies whose mothers lived in a
quiet living area (Group V; n=8) reacted to the same auditory stimuli. The babies in groups I and

II showed differential responses on whether the auditory stimuli were aircraft noise or music.
Abnormal PLG and EEG were observed in the majority of babies living in an area where noise
levels were over 95 dB(A). It was concluded that the difference in reactivity to aircraft noise may

be ascribed to a prenatal difference in time of exposure to aircraft noise. The reactions diminished
after the sixth months of life in group I and II, and the ninth month in groups III-V. This
phenomenon may be explained as habituation to aircraft noise after birth. However, in all  groups,

no habituation occurred for a noise level over 95 dB(A) (Ando and Hattori 1977). This study was
critized, as the authors did not adjust for several important determinants of birthweight, such as
prematurity and the mother's age, weight, smoking status or socioeconomic status (Morrell et al.

1997).

Noise levels may be constantly high in pediatric units. The mean noise levels measured in a center

of a surgical recovery room were 57.2 dB(A), while those measured at the patients'heads were
65.6 dB(A) (American 1974). In a medical unit (6-bed wards containing 5 infants between 3 and
17 months) peak sound levels were recorded on the pillow of the cot for 12 min (Keipert 1985).

Infant crying produced 75 to 90 dB(A) and a beeper around 76 to 78 bB(A). Peak noise levels
recorded at the nurses'station were about 78 dB(A) for telephone, 80 for infant crying, public
address system, adult talking, and up to 90 dB(A) for child talking (Keipert 1985).

In a study was conducted on infants exposed to 50 to 80 dB(linear) in the range of 100 to 7,000 Hz
(American 1974), a level of 70 to 75 dB (linear) for three minutes led to obvious disturbance or

awakening in two thirds of the children. All infants awakened after 75 dB(linear) for 12 minutes.
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In other studies conducted on the effects of awakenings and arousals, it was shown that white noise
intensity was significantly lower to elicit polygraphically scored arousals than to induce
awakenings (Franco et al. 1998).

2.4 Toddlers - Pre-adolescents (8 to 12 years old) - Adolescents (13 to 18 years old)

Developmental variations in auditory arousal thresholds during sleep were investigated in four
groups of normal male subjects :  children (n=6; 5-7 years old), preadolescents (n=10; 8-12 years
old), adolescents (n=10;13-16 year old), and young adults (n=10; 20-24 years old) (Busby et al.

1994). Arousal thresholds were determined during NREM and REM sleep for tones (3-s,
1,500-Hz pure tones delivered in an ascending series of increasing intensity, 5-dB increments
beginning at 30 dB SPL ("Sound pressure level") re 0.0002 dynes/cm2 until awakening or

maximum intensity of 120 dB) presented via earphone insert on a single night following two
adaptations nights of undisturbed sleep. Age-related relationships were observed for both
awakening frequency and stimulus intensity required to effect awakening, with awakenings

occurring more frequently in response to lower stimulus intensities with increasing age. In
children, 43.1% of stimuli induced awakenings, in preadolescents 54.8%, adolescents 72% and
adults 100% (X2=60.37; p<.001). Partial arousals (brief EEG desynchronization and/or EMG

activity with the subjects returning to sleep) occurred in 9.8% of children, 4.8% of preadolescents,
12.2% adolescents, 0% adults. Although stimulus intensities required for awakening were high
and statistically equivalent across sleep stages in non-adults, higher intensity stimulus were

required in Stage 4 relative to Stage 2 and REM sleep. Frequency of awakening increased with
age, whereas stimulus intensities required to effect these awakenings decreased with age. These
relationships were maintained for individual sleep stages. These results confirm previous

observations of marked resistance to awakening during sleep in preadolescent children and
suggest that processes underlying awakening from sleep undergo systematic modification during
ontogenic development. The observed resistance to elicited awakening from sleep extending up to

young adulthood implies the presence of an active, developmentally related process that maintains
sleep (Busby et al. 1994).

In another study, 5- to 7-year-old children were shown to be 10-15 dB less sensitive to pure tones
than 22- to 30-year-old adults (Mills 1975). Another report on 8-12 year-old male hyperactive and
normal children showed that these children were awakened with auditory stimulus intensity levels

of up to 123 dB SPL ("Sound pressure level"), much higher than values reported for adults (range
of 50-85 dB) (Busby et al. 1994).

In a study on 4 children (2 males), aged 5 to 8 years old on the effects of simulated sonic booms
(68 dB(A) near the subjects' ears), 94.1% of the subjects showed no change, 5.9% had shallower
sleep,  but none aroused or had or behavioural awakening. In general, the frequency of arousal or

behavioural awakenings and of sleep stage changes increased with age (up to 75 y) (Lukas 1975).

In a prospective longitudinal investigation, which employed non-exposed control groups, effects of

aircraft noise prior to and subsequent to inauguration of a new airport as well as effects of chronic
noise and its reduction at an old airport (6 to 18 month post relocation), were studied in 326
children aged 9 to 13 years (Bullinger et al. 1999). The psychological health of children was

investigated with a standardized quality of life scale as well as with a motivational measure. In
addition, a self-report noise annoyance scale was used. In the children studied at the two airports
over three time points, results showed a significant decrease of total quality of life 18 month after

aircraft noise exposure as well as a motivational deficits operationalized by fewer attempts to
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solve insoluble puzzles in the new airport area. Parallel shifts in children's attributions for failure
were also noted. At the old airport parallel impairments were present before the airport relocation
but subsided there after (Bullinger et al. 1999).

In a study, the effects of ambient noise on autonomic responses could be demonstrated in children.
In 6 to 12 year-old children exposed to intermittent traffic noise during four nights (at a rate of 90

noises per hour; peak intensity of the noise, 45, 55 and 65 dB(A) varied semi-randomly) and two
quiet nights: heart rate was affected and relatively higher in noise during REM and Stage 2 than
during delta sleep (Muzet et al. 1980, in Abel 1990).

2.5  Conclusions

Several studies on the extra-auditory effects of ambient noises on sleeping children were
summarized. In relation to ambient noise, specific changes were reported in both sleep quality and
quantity. Some of the effects were shown to have a dose-response relationship. 

Several limitations to the present report should be discussed. Firstly, we do not know whether the
inference that is often made that the effects of noise might develop with a longer exposure time

(Abel 1990) is correct. Serious cardiorespiratory or autonomic changes, such as increases in
blood-pressure could only develop following long-time exposure starting from childhood. This, in
fact, has never been documented, nor has the extent of intersubject variability, due to difference in

susceptibility. Secondly, we have no information to evaluate whether adaptation to ambient noise
could limit the effects observed during short-term experiments. Thirdly, as the existing research
data are applicable to generally healthy children, we do not know how the reported findings could

be applied to ill children, children receiving medical treatments or very young premature infants.
Finally, as most studies were conducted in laboratory controlled environments, we do not know
the correlation between these studies and the effects of noise in  the home. The multifactorial

effects of environment on sleep and arousal controls could be much more complex than expected.
On might predict that, as for adults, the effects of noise on the child's sleep and health are very
complicated and depend upon the spectrum and level of the noise, temporal aspects of the noise,

psychological responses to the noise, and the nature of the evaluation technique. The complexity
of the conditions related to sleep-wake controls was illustrated by the review of confounding
factors affecting auditory arousal thresholds.

Despite these limitations, it can be concluded that, based on the evidence available, the
extra-auditory effects of noise could be pervasive, affecting the children's physical and

psychological well-being. Changes in sleep quantity and quality together with autonomic
reactions are seen when a child is exposed to ambient noise during sleep. Ambient noise exerts a
dose-effect relationship on changes of sleep-wake behaviors. These reflect modifications induced

within the brain of the sleeping child. It remains, however, to be determine what pervasive effects
long-term exposure to ambient noise have on the child's development, health and well-being.
Evidence should also be defined to support an enforcement of strategies for noise reduction at the

source as suggested by some studies. Noise-induced health effects on children, a clinical and
public health concern, should be evaluated by further studies.

AROUSAL AND AWAKENING IN CHILDREN
Review of the literature
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N° dB(A) %

responses

Type of responses Reference

1 80 70 Nenonates motor
response

Steinschneider 1967

2 60 5 Neonates startle
response

Gädele 1969

70 10

80 20

100 60

3 60 7 Neonates startle

response

Ashton 1967

65 10

70 40

4 80 70 Child awake Semczuk 1967

5 100 70 Child awake Busby 1994

6 100 76 Preadolescent
awake

7 100 86 Adolescent awake

8 60 100 Adult

9 120 72 Infant awake Kahn 1986

10 75 75 Infant awake Gädeke 1969
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APPENDIX V Glossary of terms and acronyms

Term  Definition 

Actimetry The measurement of accelerations associated with the movement of an
actimeter 

 ADHD Attention-Deficit Hyperactivity Disorder

Behavioural awakening Awakening that is registered by the subject by means of a conscious

action.

CAP Cyclic Alternating Patterns 

EBD Environmental Burden of Disease

END Environmental Noise Directive (EC-2002/49)

EEG Electro-EncephaloGram, recording of electric activity in the brain

ECG Electro CardioGram, recording of electric activity of the heart

EEG awakening Transition from a state of sleep to a state of consciousness, as
determined by a sleep EEG.

Heart rate acceleration A temporary rise in heart rate relative to the average heart rate
assessed shortly before a noise event.

ICSD International Classification of Sleep disorders 

Insomnia Sleeping disorder consistent with an internationally accepted

definition (see ICSD), which takes account of difficulty falling or
staying asleep, the daytime implications and the duration of the
problems

Aeq,TL  Exposure to noise for the duration of a given time interval T (a twenty-

four hour period, a night, a day, an evening) is expressed as an
equivalent sound pressure level (measured in dB(A)) over the interval
in question. 

AmaxL   Maximum outdoor sound pressure level associated with an individual

noise event.

Lnight Refers to the EU definition in Directive 2002/49:  Equivalent outdoor
sound pressure level associated with a particular type of noise source
during night time (at least 8 hours), calculated over a period of a year.

Motility onset The presence of movement in a short time interval, following an

interval without movement.

Motility The presence of movement in a short time interval, as recorded on an
actigram.

 OSA Obstructive Sleep Apnea
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OTC Over the counter (medicins sold without prescription)

Polysomnography The measurement during a subject’s time in bed of his or her brain

activity by means of EEG, EOG and EMG. The technique involves
the use of electrodes to record electrical potentials in the brain..

REM Rapid Eye Movement (sleep phase)

SEL (sound exposure level) Equivalent outdoor sound pressure level
associated with an individual noise event, with the equivalent level

standardised at one second.

Sleep fragmentation Within a sleep period, the frequency and duration of intervals of
wakefulness recorded on a sleep EEG or intervals of motility
recorded on an actigram.

Sleep latency The length of time taken to fall asleep, i.e. the interval between the

point at which a person begins trying to go to sleep or allowing
him/herself to go to sleep and sleep inception time.

Sleep disturbance Disturbance of sleep by night-time noise, as perceived by a subject and
described in aquestionnaire response or journal entry.

Sleep EEG Graph created using data from EEG scanning during a subject’s time

in bed, showing the various stages of sleep as a function of time. 

Sleep stage change Change from a deeper stage of sleep to a less deep stage, as
determined by a sleep EEG.

SMR Standardized Mortality Ratios

 SROBD Sleep Related Obstructive Breathing Disorders

SWS Slow Wave Sleep (sleep phase)

 UARS Upper Airway Resistance Syndrome
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Project result 3: Technical report on the night-weighting 
factor in Lden  
The EU-indicators for environmental noise Lden and Lnight were established with the Directive on 
Assessment and Control of Environmental noise, EC-2002/49. These choices were in turn based 
on the Position Paper of the Working Group on Indicators. The principle underlying the choice 
for 2 indicators was that Lden was proven to be a good indicator for long term effects (notably 
annoyance), while the Lnight was introduced to predict long term effects on sleep. 
The weighting factors in the Lden have not been introduced with the perspective of protecting 
sleep quality, but to fit the indicator for predicting annoyance.  It cannot therefore be expected 
that research in the relation between sleep and health provide more insight in this. This is the 
reason that this topic is kept separate from the discussion around night time noise guidelines.  
The working group studied the presence and the magnitude of the night weighting factor 
carefully, and concluded that the weighting factors of 5 and 10 dB should be added to evening 
and night LAeq’s, respectively, to calculate a composite indicator.  
The basis for this can be derived from a systematic study on the effect of  different weigthing 
factors,3 and a number of studies showing different sensitivities with respect to exposure at day, 
evening and night. In studies where only one source is addressed, the various LAeq-indicators are 
highly correlated.  So for technical reasons the advantage of using weighting factors cannot 
always be demonstrated. The difference in sensitivity however is confirmed by a recent study in 
Germany (2006).4 
 

 
 
                                                 
3 Miedema,H.M.E., Vos, H, de Jong, RG. Community reaction to aircraft noise: time of day penalty and trade off 
between levels of overflights”, J.Acoust. Soc. Am. 107(6), june2000 
 
4 Gutachten belästigung durch Fluglärm im Umfeld des Frankfurter Flughafens. Endbericht Regionales Dialogforum 
Flughafen Frankfurt, 30-6-2006. 
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The upper line is the average annoyance at night time against the night level, the middle line at 
evening, and the lower line day time. The differences at the middle of the scale seem not be far 
from the 5 dB at evening and 10 dB at night . At the high end the differences seem to decrease.
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 ABSTRACT  
This meeting was the first in the European-Commission sponsored project on night time noise guidelines, 
The project partners, experts and national government officers met to define the work plan and discuss
organizational issues. They also allocated responsibilities, looked at the timetable, team coordination, the
logistical and finance. The next step will be the production of background papers on the different identified
themes and the second meeting is planned for March 2005. 
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Background  
 
The project on night time noise guidelines (NNGL)” of the World Health Organization Regional 
Office for Europe (European Centre for Environmental and Health, Bonn Office) (ECEH), is 
carried out in partnership with the European Commission (EC) Directorate General Health and 
Consumer Protection (DG Sanco) and several Member States. Its purpose is to develop 
guidelines for night time noise exposure. This project will review the evidence of night time noise 
effects on health, and estimate the magnitude of the associated health risks.  
 
The project will provide expertise and scientific advice to Member States, and propose guideline 
values for night noise both for short and long-term exposure. It will support the development of 
future legislation in the area of night noise exposure control and surveillance.  The project will 
follow the WHO methodology for the development of guidelines. 
 

Introduction  
 
Partners of the project, experts and national government officers agreed the methodology to be 
followed to reach guideline values; the work plans, schedule, responsibilities, and team 
coordination and the health effects and various end points of night time noise exposure. They 
also discussed the question of additional contractual partners, and the metrics and exposure 
assessment. 
 
Five of the project partners, Professor Andre Kahn, Professor Sona Nevsimalova, Dr Andras 
Muntag, Dr Marie Louise Bistrup and Dr Danny Houtjuis were excused for other professional 
arrangements.  
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Summary of the meeting 
 
The meeting was introduced by WHO: Mr Bonnefoy presented the background, the goals of the 
night noise guidelines project, described the budget, the envisaged role of the partners and 
possible ways of filling the gaps of expertise in the group; Ms Rodrigues presented the meeting 
objectives and agenda and Dr Krzyzanowski presented the experience gained by WHO when 
developing the air quality guidelines and how this experience can help on the development of 
the night noise guidelines. Mr Bonnefoy gave some examples during the meeting on the 
experience gained during the development of the drinking water guidelines.  
 
The participants were invited to present the results of their work for the guidelines at the Vilnius 
housing and health symposium that will take place in October 2004. This symposium could be a 
good opportunity to have the partners discussing the work progress. 
 
After these general presentations the floor was given to the project partners, followed by 
comments and questions. The invited representatives for the European Commission were also 
invited to express their opinion on the project and to give their feedback on how it can help them 
when developing legislation. 
 
Two working groups were set up to describe the sequence of work and identify who would be 
responsible for each work package. 
 

Presentations  
 
Dr Michal Krzyzanowski presented the process followed when designing the WHO air quality 
guidelines and made suggestions for the development of the night noise guidelines. His 
presentation concentrated on the review of the evidence in order to avoid external criticism. He 
proposed a scheme for the review for night time noise and for deriving guidelines (figure 1).  
 
The development of the air quality guidelines underwent several steps of analysis and review of 
scientific data in the field of air pollution toxicology and epidemiology. In-depth reviews of the 
effects of each pollutant were prepared, followed by a discussion based on this review, and then 
finally the guideline values were established. A scientific advisory committee was established for 
reviewing the literature and the background documents.  
 
Dr Krzyzanowski suggested that the first step for developing the night noise guidelines should be 
to carry a comprehensive literature review according to the approach and method described in 
the WHO publication “Evaluation and use of epidemiological evidence for environmental health 
risk assessment”. These reviews should be the background for group discussion and the basis 
of the guidelines document. 
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Figure 1 – A possible review of the noise epidemiological evidence on health  

 
Partners’ presentations 
 
 
Dr Gaetano Licitra – Characterization of the different noise levels, sources, metrics 
 
European Union Member States are starting to produce noise maps for their main cities. There 
is still no clear information on the percentage of population covered by the Directive 2002/49/CE 
in every Member State. Tt is difficult to outline the extent  of the problem of night noise 
disturbance.  
 
Another difficulty is that noise maps will neither cover neighbourhood noise nor leisure activities, 
so we may not get a full picture of the problem. Neighbourhood noise is very important because 
it is often the source of large number of noise events during the night. There is no accurate 
assessment of the impact of neighbourhood noise in many countries, mainly because it is highly 
dependent on the normal local behaviour of the population. 
 
Dr Licitra suggested that the members of the NNGL group should be informed of the trends and 
predictions on the noise levels as well as the action plans carried by some countries for noise 
reduction. European projects such as CALM or STAIRRS, SOURDINE, IMAGINE, 
HARMONOISE could provide important input. Cooperation should take place with different 
stakeholders such as the European Environment Agency, research institutions, European 
Commission Working Groups and DG Environment. 
 
Dr. Stylianos Kephalopoulos – Human exposure  
 
Dr Kephalopoulos raised the importance of analysing the problem with “human beings” at its 
centre,  and examining the interaction between the different stressors. A concept of total human 
exposure assessment, similarly to that used in indoor air quality, should be used.  When looking 
at the effects of noise, the effects of other pollutants present at the time of exposure, should also 
be considered with time activity patterns. There is also uncertainty resulting from the fact that all 
measures are performed outdoors..  
 
A three-step approach can be considered:  
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i) Define personal exposure (dose per person)  
ii) assess the risk and  
iii) evaluate the health effects resulting from the possible combinations. 

 
Knowledge is constantly changing .The guidelines should be able to adapt well to changes in 
time and developments in science. This is achievable with a consistent framework. 
 
Professor Peter Lercher - exposure assessment; sensitive groups 
 
Professor Lercher acknowledged four major challenges for the assessment and future 
developments of regulation in the noise field: 

i) the problem of sources combination assessment:  what we know about today is 
mostly individual noise source,  

ii) mono-sensory assessments are made even if other sensory qualities are present.   
iii) the fact that data only exists for “steady” conditions and  
iv) the generalization across context. Examples from two very different settings were 

given (Vienna and Alpine Valley) for dose-effect relationships for annoyance. There 
are significant differences between the two of them. 

 
There was discussion about the metrics and about which indicators serve better for night-time 
assessment. Should average level indicators to be used? Some examples were shown of 
differences in the assessment when using several metrics. 
 
Many factors influence the way in which nose is perceived, pre-dispositions such as noise 
sensitivity, family history of hypertension, vegetative lability. Some diseases can also  make a 
difference, such as depression and cardiovascular disease. Circumstances are relevant too, 
such as whether there are combined exposures, whether the noise is low frequency, and the 
differences between background and peak levels. Among the groups that are susceptible of 
being predisposed to sleep problems are elderly, pregnant and peri-menopausal women; people 
with primary insomnia, and co-morbid mental/physical mental diseases; and circumstances such 
as the environment (temperature, EMF’s, etc.) and stress. This complexity will have to be 
considered when developing simple figures. 
 
Professor Alain Muzet - Identification of relevant adverse health effects 
 
Professor Muzet has classified the possible adverse health effects into three categories: major 
sleep disturbances which are equivalent to insomnia and include awakenings, moderate sleep 
disturbances, and other disturbances. 
 
Moderate sleep disturbances include acute responses like sleep stage changes and arousals. 
The long term effects of these responses are not completely known. What should be the 
approach to evaluate this impact? What can the guidelines say on this? 
 
A third group of responses occurring during sleep includes all the psychological functions, heart 
beat rates, body movements, etc. These responses are increasing during sleep, do not habituate 
to noise, and can lead to damage (evidence exists in laboratory studies). 
 
In summary, Professor Muzet suggested to look at the following effects: 
 
Major sleep disturbances: 
1. Lengthening the time to fall asleep; 
2. Awakenings from sleep; 
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3. Too early wake-up time. 
 
Moderate sleep disturbances: 
1. Arousals; 
2. Sleep stage changes; 
3. Reduction in time spent in specific sleep stages: 

- Slow wave sleep 
- REM sleep 

4. Sleep quality. 
 
Other disturbances occurring during sleep: 
1. Body movements; 
2. Autonomic responses; 

- Change in heart rate; 
- Vasoconstriction; 
- Short-lasting increase in blood pressure; 
- Change in respiratory rate. 

3. Hormonal responses. 
 
Dr Ivanka Gale  
 
Dr Gale’s presentation concentrated in the legal situation concerning environmental laws in the 
Slovenia. Slovenia became independent in 1991 and since 1996 they have been adapting their 
legislation to the European Union. At present they have to consider the implementation of 
harmonized noise exposure indicators, target limit values, dose/effect relationships, modern 
noise assessment methods and noise mapping. 
 
Dr Staffan Hygge – Effects of noise exposure on different cognitive tasks across age 
groups 
 
Dr Hygge suggested that separating the different types of memory according to Tulving’s 
memory theory, allows a better assessment of the impact of noise on cognitive functions. Tulving 
separates the procedural memory, perceptual representational system, semantic memory, 
primary memory (working memory) and episodic memory. Dr Hygge showed results on semantic 
memory with quietness, road noise and other people talking. Noise has a strong influence on 
this type of memory. For day-time noise the ages of 13/14 years are important because that 
seems to be when changes happen in cognitive development. Most studies on effects on 
children are for day time noise, Dr Hygge has proposed looking at the night time noise levels 
from the Munich and RANCH studies, provided the project can identity special funding for this.   
 
Dr Snezana Jovanovic – Sleep disturbances and accidents  
 
Dr Jovanovic proposed carrying out a literature review on sleep and accidents. She will look at 
insomnia and analyze daytime fatigue, sleepiness and drowsiness as triggers of accidents. 
Home, road, work, and school accidents will be covered. 
 
Professor Stephen Stansfeld - Sleep and Psychiatric disorder 
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Professor Stansfeld focused showed data for insomnia and psychiatric disorders. Thirty three 
per cent of insomnia in community samples is related to a primary psychiatric disorder and 
seventy five per cent of sleep clinic patients have a primary or secondary psychiatric disorder.  
 
An association between sleep and psychiatric disorders is pertinent because: 

i) Structural/biochemical abnormalities in psychiatric disorders also influence sleep 
regulation 

ii) Sleep disturbance is one of the primary symptom of psychiatric disorder 
iii) Psychiatric drugs can disturb sleep 
iv) Primary sleep disturbances often have associated psychiatric symptoms 

 
Sleep disturbance is an important and common problem in psychiatric disorders. It is an aspect 
of psychiatric disorder that needs treatment. Investigating this area will be very useful for 
assessing the impact of noise on mental health. 
 
Dr Michał Skalski – health effects of insomnia  
 
Transient insomnia expresses itself by sleep deprivation and data exists that facilitate the 
evaluation of the health impacts. Chronic insomnia is different and very little data exists. Sleep 
disturbance leads to chronic insomnia that, in turn, can lead to some psychiatric disorders.  
 
Transient insomnia has as consequences an increase in daytime sleepiness, impairments of 
psychomotor function and fatigue. 
Chronic insomnia is different from sleep deprivation, it doesn’t provoke daytime sleepiness and 
impairments of psychomotor function but it provokes hyper arousal (autonomic nervous system 
such as hormone secretion from the hypothalamic-pituitary-adrenal axis – HPA) and leads to 
psychiatric disorders (depression, anxiety, drug and alcohol abuse). 
 
The risk of accidents and depression are strongly linked with insomnia. The use of this clinical 
knowledge will be crucial for evaluating the long-term noise effects on sleep. 
Insomnia also affects children’s cognitive development as they show worse results in learning. 
The quality of life for insomniacs is decreased and their accident rate is by 4.5 times that of  
“normal sleepers”.  
 
Dr Wolfgang Babisch – Relevant adverse health effects 
 
Dr Babisch advised the group to try to keep decision-makers in mind.. Decision-makers want to 
know on one hand what is safe and on the other hand they do not want to jeopardize economic 
development and people’s mobility on the other. There are obvious conflicts between quietness 
and mobility for example. 
 
He presented valuable information on availability of studies, existence of evidence, and scenarii 
with different metrics and he introduced the few new studies on noise and health. This overview 
of the existing literature helped guide the group’s technical work. 
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As an example, table 1 provides an overview of the state of the art on the availability of data for 
the most important effects. 
 
 

Availability of data 
Effect Day Night 
Annoyance / Disturbance Yes Yes 
Cardiovascular effects Yes Infer* 
Stress hormones No Yes 
Electrophysiological sleep N.R. Yes 
Performance at work Yes No 

Table 1 – Availability of data for the different effects and noise exposure during day and night time 
exposure (Babisch 2004) 
* - Not enough data is available for night time noise and inferences can be made from studies that considered only 
daytime measurements of 24h measurements. 
 
For biochemical changes the existing evidence, according to expert’s judgments, is “limited”, for 
hypertension and ischaemic heart diseases “limited / sufficient” (using the International Agency 
for Research on Cancer definitions of „no – insufficient – limited – sufficient” evidence) for night 
time noise. 
 
Professor Jacques Beaumont, Professor Joao de Quinhones Levy - Noise and health 
indicators - Evaluating exposure 
 
In the European Union (EU) there are a lot of people exposed to noise, but there is a lack of 
knowledge about the characteristics of urban noise and the current assessment of noise in the 
urban context is poor. The key question is therefore how to evaluate this important exposure. 
 
A “good” noise indicator should reflect the energy (Lden), the emergences - temporal and tonal 
(Lmax,SEL…), the nature of the sources (human activities / mechanical activities). It should be 
usable depending on time, and geographic scales, classification of the noise situations, 
acoustical and perceptive characteristics and urban morphology. 
 
A pertinent indicator should consider: 

- Perception: being representative of key noise characteristics from the perception point of 
view; 

- Forecasting: suiting real or forecast noise situations; 
- Measurability: a standardized measurement method has to be drawn up; 
- Computation: to forecast a noise situation, a computation tool must be available; 
- Communication: allowing efficient communication between decision makers, 

infrastructure managers and the public- 
 
Dr H.M.E. Miedema 
 
Dr Miedema identified six points that he considers crucial during the development of guidelines: 
 

1. Which noise sources are we dealing with? 
Will only transportation sources be considered? Construction and demolition noise are 
increasingly a source of complaints all over Europe. 

 
2. Which health effects are we going to consider? 

 
3. Classification of the evidence (how to use indirect evidence); 
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4. Identification of sensitive groups; 

 
5. Noise metrics (number of events, sound insulation); 

 
6. Causal chain and subcortical effects (cortex mediated or non-cortex mediated). 

 

Invited Member of Member States and European Commission presentations 

 
A representative of the European Commission (Directorate General of the Environment) and 
representatives of environment and health Ministries from France, the Netherlands, Germany 
and Switzerland were invited to present the work on noise on their countries and to express their 
opinion on how the guidelines could support their legislative work.  
 
EC - DG Environment 
 
The directive 2002/49/EC for environmental noise proposes 2 indicators Lden (day-evening-
night level) and Lnight (night level) as indicators for monitoring noise. These two indicators will 
be used in the strategic noise maps and be the basis for the development of noise reduction and 
prevention plans in major urban areas as well as around major transport infrastructures. These 
common indicators will also enable strategic noise maps to be used at national and EU level to 
show respectively the number of people annoyed (via Lden) and sleep-disturbed (via Lnight). 
The first maps have to be produced in 2007. Hence, night-time noise guidelines should, as a 
priority, consider at least these two EU indicators. 
 
Nevertheless, the directive mentions for special cases the use of appropriate supplementary 
noise indicators. The article 5 of the directive stipulates  “Member States may use 
supplementary noise indicators for special cases such as those listed in annex I(3)””. Maybe this 
will be the case for the night time guidelines but its use has to be well justified. The annex I(3) of 
the directive mentions the LAmax and a number of events as adequate supplementary indicators 
for night time noise peaks, notably from passing trains and aircraft. Given the trends in the 
growth of night-time volumes of traffic and relative noise exposure around major airports, 
highways and high speed train lines, these indicators should also be taken into account. 
 
Mr Delcampe suggested that the NNGL group interacts and exchanges information with the 
Commission working group on health and socio economics aspects and considers the work 
developed in the position papers which can be downloaded from http://www. 
europa.eu.int/comm/environment/noise/home.htm , where the reports of the various noise 
working groups set up by the Commission are available.. In particular he recommended linking 
with the position paper on EU noise indicators and the one on relationships between 
transportation noise and annoyance. 
 
France  
 
L’AFSSE, Agence Française de Sécurité Sanitaire Environnemental has recently produced a 
report on the health effects of noise (“Les effects sanitaires du bruit – rapport d’étape”) in 
French, not yet published. This report would be useful for developing the guidelines.  
 
Mr Grénetier raised the problem of metrics; in his opinion the measurement of an average level 
is not suitable for assessing night effects. We would like to have more information on short and 

http://www. europa.eu.int/comm/environment/noise/home.htm
http://www. europa.eu.int/comm/environment/noise/home.htm
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long term exposure. The current WHO guidelines on noise don’t respond very well to the 
demands for legislation. For example the number of events is missing. 
 
Important aspects to be considered for a noise indicator should, according to the French 
representative, include: 
- Number of noise events; 
- The time they occur during the night; 
- Duration of events; 
 
Mr Grenetier advices the group to consider a synthetic indicator that takes into account all these 
parameters. 
 
The Netherlands  
 
A Dutch committee from the Ministry of Environment produced a document that covers all 
aspects of night noise exposure for advice to the Dutch Health Council (ready in June 2004). 
This document introduces the Lnight in the Netherlands, presents the health effects from noise 
and how they relate to other effects and proposes measures to reduce these effects. It will be 
public by the end of summer 2004. This document was considered important for the work of the 
NNGL group, but it is only available in Dutch. Mr Van Den Berg will explore the possibility of 
translating it into English.  
 
The working group on health and socio-economic aspects established by DG Environment has 
produced a position paper on Lnight that is now open for comments from the Member States. 
This document could be an important input for the work of the NNGL group.  
 
Dr Van Den Berg presented data on evidence of noise health effects from laboratory and field 
studies and some differences between countries on sleeping hours and levels recommended in 
national legislation. 
 
Germany 
 
The representative of the German ministry of environment would like WHO, and the guidelines 
document in particular, to provide advice and guidance on the following points: 
 

i) Description of night time noise exposure in terms of the sources of noise and the particular 
characteristics of the noise sources; 

ii) Assessment of the different effects of night noise on sleep; 
iii) Development of criteria for a “reasonable” protection of night time sleep. 

 
Dr Brüggemann recommended that WHO doesn’t restrict itself solely to the prevalence and 
incidence of noise-induced illnesses. It should examine the full spectrum of effects produced by 
night time noise, including the impact on sleep that occurs before the possible onset of health 
risks, as well as other noise-induced disturbances.  
 
It is generally acknowledged that uninterrupted sleep is of particular importance for a person’s 
health and well-being and for their sustained working capacity. Nonetheless, it is difficult to avoid 
the impression that the degree of impact that noise has on health frequently tends to be 
underestimated by the public and by politicians. The creation of the WHO guidelines should 
contribute to a more intensive discussion and a more realistic perception of the situation.  
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There are real differences of opinion in the relevant scientific disciplines with regard to the 
assessment of various sleep disturbances caused by noise. It is therefore little wonder that the 
informative value of existing studies on the effects of night time noise is judged very differently, 
not only by the various disciplines, but also by individual scientists.  
 
It does appear, however, that a broad consensus has now emerged, according to which the 
description of night time noise cannot be based on an average value alone. The noise indices 
used, however, continue to differ in various aspects. He would therefore very much welcome any 
moves contained in the guidelines toward greater standardization in this regard as well.  
 
Currently, various legislation being considered in Germany deals with the subject of 
environmental noise control. Protection against night time noise is an important element in all of 
these. In terms of air traffic noise, an amendment to the Air Traffic Noise Act is currently being 
prepared. This will for the first time include limit values for protection against night time air traffic 
noise. If these values are exceeded, victims will be entitled to the installation of sound insulating 
windows and ventilation. Issues of night time noise control also feature prominently in the 
forthcoming implementation of the EU Environmental Noise Directive.  
 
Political and administrative bodies do not, however, deny the financial burden created by noise 
reduction measures and demand that clear priorities are set. The task is therefore to develop 
scientific criteria for such an exercise and justifications for the necessary noise abatement 
measures.  
 
In view of these points, and for the focused future development of noise abatement policy in its 
entirety, there is a particular need for advice on the following subjects, which should be 
examined in depth as part of the current project and feature clearly in the guidelines : 
 

i) (Quantified) effects of different doses of noise in terms of sleep disturbance 
ii) Assessment of the different types of effects that night noise has on sleep, not only with 

regard to the acute effects, but also taking account of possible long-term consequences 
iii) Development of recommendations for the protection of night time sleep, if possible in the 

form of control standards. 
 
The primary aim of the project should therefore be to help achieve a consensus regarding the 
scientific assessment of existing study findings, including the epidemiological evidence of the 
results. It is time to reach a more unified perspective on this point. The results of WHO’s work 
and its recommendations will then be of the utmost interest for legislators in industrial nations 
and will potentially have a considerable impact.  
 
Switzerland 
 
The representative of the Swiss Agency for the Environment, Forests and Landscape gave a 
general overview of the limits for aircraft noise at during night, presented the daytime and night 
time exposure limits for Switzerland, and discussed the importance of night noise guidelines for 
policy making. 
 
In Switzerland the night is defined from 22:00 to 06:00 and there is a flight ban from 0:00 to 
05:00. The establishment of Swiss limit values of daytime and night time exposure involve 
identifying three levels of noise: planning level, Impact threshold and alarm value. For the day 
time they are respectively (for a sensitive level II) 57, 60 and 65 dB; for the night time they are 
47, 50 and 60. For aeroplanes they calculated a matrix considering Lmax, Laeq and number of 
over flights. 
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Switzerland has a special interest in participating in the project because: 
 

i) The project’s scope corresponds with their regular evaluations of the latest studies; 
ii) It will allow international harmonization of methods for setting limit values and for 

noise abatement; 
iii) It will help harmonization with the European Union environmental policy. Although  

Switzerland is not an official Member of the EU, it sits in the heart of Europe and 
always harmonizes its environmental legislation with the EU.). 

General discussion and working groups  
 
After the presentations the group agreed to separate in smaller groups according to expertise 
and fields of knowledge. Two working groups were created, each with the task of identifying the 
working papers needed and who should be responsible for each of them. The groups also 
discussed the topics where not enough expertise exists in the NNGL group for completing the 
work. The first group concentrated in epidemiology and medicine and the second on physics and 
physiology (with a big component on exposure assessment and metrics). 
 
 
Working Group I – Epidemiology and medicine 
 
The following themes were identified for background papers: 
 
1. Methodology for deriving guidelines– Dr Martin Van den Berg 
2. Overview of existing epidemiological evidence for cardiovascular effects – Dr Wolfgang 

Babisch 
3. Cognitive development of children and night time noise – Dr Staffan Hygge 
4. Accidents – Dr Svena Jovanovic 
5. Sleepiness / drowsiness – Dr Ivanka Gale 
6. Depression/anxiety  

a. Night noise and mental health – Dr Stephen Stansfeld  
b. Sleep disturbance and mental health – Dr Michal Skalski 

 
7. Animal studies / biological plausibility – Dr Ising (subject to his agreement) 
8. Risk groups (children, pregnant women, elderly, stressed people, …) – review of the literature 

- Dr Willy Passchier-Vermeer (subject to his agreement) 
9. Stress hormones - Dr Christian Maschke (subject to his agreement) 
 
The group did not reach an agreement on the importance of producing a new meta-analysis for 
cardio vascular effects. This project on new studies, mainly in autonomic responses, had been 
set up after the existing meta-analysis. The opinion of Dr Danny Houthuijs lwould be sought on 
this matter.  
 
Habituation will be covered in each of the papers.  
 
Working Group II –Physics and physiology 
 
Dr Henk Miedema was the moderator of this group. He asked each of the participants about 
their understanding of the process and about their willingness to contribute to it.  
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Professor Muzet presented the health effects that should be considered. He raised the point that 
the evidence on acute effects is mainly on the general population, consequently the groups that 
can be at a greater risk are not covered. We should also consider the subjective feelings and the 
biological measures of acute effects. The date on biological responses is adequate but it comes 
mainly from laboratory studies that don’t include subjective feelings. 
 
There are significant differences between field and laboratory studies that have to be taken into 
consideration. There is also a shortage of studies on the long term effects (e.g. reduction of 
sleep time, fatigue, drowsiness, increased accidents, …). 
From the literature, threshold values for awakenings can be derived, but it is difficult to have 
clear figures for the other responses.  
 
Professor Peter Lercher mentioned the temporal variations of noise levels during the night and 
spatial country differences. How do the existing studies deal with these variations? There are 
variations between Member States in time pattern; Not only the number of events should be 
considered but also the time they occur during the night - if there are studies. Differences on 
sleep habits should be considered: what is the significance of the different definitions of night-
time in the different countries?  Which index has been used in the studies examining the 
differences and to ensure the protection of quiet areas and sensitive areas (rural or urban)? 
 
Long-term health damage is a too vague a concept according to Dr Hans Bögli. The “damage” 
should be accurately defined. What are the causes? To harmonize the evidence a score system 
could be designed to rate the damage, how important is the damage? This exercise would allow 
comparing the risks and deciding upon the priorities, as it would bring different effects on a 
single scale. 
 
The risk groups are important, but they should not be the focus of the guidelines. Having this as 
main point might sidetrack the work from the scope of the guidelines, it is better to focus on the 
majority of the population and to consider the special cases in a separate chapter. 
 
Professor Jacques Beaumont focused his presentation on noise metrics, distribution of energy 
during the night, the importance of measuring peak levels and in the existence of sensitive areas 
and sensitive periods. Lden is very good for a steady level, but during the night the energy level 
occurs very often during a short period of time and has a big impact. Methods exist to calculate 
these levels, but the impact assessment seems to be missing. 
 
France (INRETS) has a lot of studies in airports (e.g. night time Roissy), not very recent, using 
LAeq, the calculations of peak levels would be possible. 
The use of indicators that describe the short high energy events that occur during the night need 
to be discussed: how can we use them for evaluating the effects? 
 
The most important role of the guidelines should be preventing people being exposed to noise 
levels that provoke awakenings and adverse effects, according to Mr Nicolas Grenetier. France 
uses Laeq, 8 hours and this is not representative of the situation, they would like to have 
additional characteristics on peak levels included in their metrics. Effects as awakenings are 
important and should not be dropped. 
 
Dr Gaetano Licitra suggested the use of the DPSEEA schema as a frame for producing the 
guidelines. There is a need for a better metrics, the current legislation only covers noise outdoor 
and is not well connected with the health effects (indoor levels are more important for describing 
night time). It’s not particularly difficult, but an agreement must be reached.  
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Dr Stelios Kephatopoulos discussed again the problem of uncertainty in exposure assessment, 
the sensitivity accuracy in input data, sensitivity to the choice of calculation points and the 
conversion of this uncertainty in exposure to uncertainty in effects; 
in the expert’s opinion, the answer to this problem can be outlining a framework, to help to deal 
with uncertainty in assessing the risk. It will also avoid the document becoming quickly obsolete 
and ensure that the information it contains will be digestible. A coherent framework can guide 
the Member States how to make use of the guideline values. 
 
Dr Henk Miedema would like to contribute on the effect side, instantaneous and 24 hours effects 
with specific attention to mechanisms and possible health effects. 
 
The results of the discussion were to have two bigger themes and two groups producing the 
background papers: 
 

1. Noise exposure description – Professor Lercher, Dr Licitra, Professor Beaumont, Dr 
Kephalopoulos, Professor Levy  
2. Instantaneous and 24 hour-effects with specific attention to mechanisms – Dr 
Miedema, Professor Muzet 

 

Other points discussed – expertise required from experts 
outside the group 
 
Some points identified as very important and crucial to be considered in the guidelines are not in 
the field of competence of the project partners. The group suggested they will require input from 
outside experts The secretariat will produce an outline of the background papers’ table of 
contents and distribute it for discussion. 
 
Neighbourhood noise  
 
A discussion took place on including neighbourhood noise in the guidelines. The project 
proposal defines the sources as transportation but it could include this source as well.  
 
Even if neighbourhood noise is a very particular noise source and guidelines values will not 
consider it, this is one of the main sources of people’s complaints. The group decided by 
consensus that even if it will not have guidelines values for it, attention should be paid to this 
source reflecting the different sources of neighbourhood noise (ventilation, indoor noises, 
neighbours, etc), the characteristics of housing and how this noise could be mitigated, etc.  
 
The group gave some names for possible authors; the secretariat will contact them and identify 
the author. 
 
Animal studies 
 
Even though noise effects have a strong component of perception and are strongly related to 
psychological factors, the studies developed in laboratories with animals could be reviewed in 
the guidelines.   
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Conclusions and follow up work 
In the plenary session on the last day of the meeting, the group established and agreed on the 
follow up actions, timetable and key milestones. The main conclusion was that the process 
would start with the production by the project partners and other experts, of background papers 
on the different themes identified during this workshop.  
 
These background documents will not be size limited, and should contain as much  information 
as possible on their specific topic. The assigned experts will have the freedom of covering a 
large range of data, risk assessment, dose-effect relationships and studies. These will be the 
foundation of the guidelines document therefore no limitations are necessary at this stage. The 
crucial point is to ensure that the existing knowledge is covered. 
 
Regarding the work already existing in Member States, Dr Van de Berg will explore the 
possibility of having the “Dutch report” on noise translated to English as well as Mr Grenetier for 
the French one. If the complete reports cannot be translated, efforts will be made to have the 
summary available in English. 
 
The production of a meta-analysis will depend on having an expert opinion. Dr Danny Houthuijs 
will be consulted regarding the importance of having a specific meta-analysis for night noise 
or/and focusing on children. 
 

Sequence of tasks and time table 
 
The secretariat will distribute the meeting report for comments on the group. Partners should 
feed back on their attributed background documents. Secretariat will produce the terms of 
reference for external background papers – End of June 2004 
 
The partners should start writing the papers feed backing with the group if necessary. By the 
15th October the secretariat will produce a progress report. 
The papers should be ready for internal review by December 2004 / January 2005. This review 
should be finalized by March 2005. 
 
The second partners’ meeting is planned for March 2005. This meeting will have as main result 
a decision on how the working papers should be summarized, and plan the process of writing 
the guidelines.  
 
By December 2005 a first draft of the guidelines will be ready and the third meeting will happen 
in January 2006, this will be a partner consensus meeting, and the process of external review 
by peers and all stakeholders will be initiated.  
 
In March 2006 the fourth partners’ meeting will be held and agreement will be reached on the 
final version of the document for presenting in June 2006 to Member States. 
 
Small meetings with partners working in similar subjects could be held between the identified 
periods. 
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Annex 1 
LIST OF THEMES AND RESPONSIBLES 

Themes Responsible 

1. Setting the scene 
Sources, metrics, sensitive areas, number of people exposed, 
trends, number of events, ,variations during the night, overview of 
legislation…. 
 

 
Lercher, Licitra, 
Beaumont, , Levy  
 
 

2. Uncertainty in exposure Kephalopoulos 
 

 
3. Instantaneous effects  
Major sleep disturbances, moderate sleep disturbances, other  
 

 
Muzet, Miedema,  
 
 

 
4. Cardiovascular effects, Hypertension 
 

 
Babisch 
 

5. Immune system (hormones excretion, decreased glucose 
assimilation, …) 

 
 

Maschke (Depending 
on the expert’s 
agreement)  

 
6. Other health outcomes ,  

a) Physical (fatigue, drowsiness, sleepiness, …)  
 
b) Cognitive impairment (deterioration of 

performance, attention and motivation and 
diminishment of mental concentration and 
intellectual capacity and, increases the chances of 
accidents at work and during driving,…)   

 
c) Accidents (this point needs special attention 

although covered in a) and b) 
 
 
d) Mental health  

 
 
 

e) Sleep pathologies  
 

 

 
 
Gale  
 
 
Hygge 
 
 
 
Jovanovic  
 
 
 
Stansfeld, Skalski 
 
 
Nevsimalova 
(Depending on the 
expert’s agreement)  
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7. Animal studies  Ising (Depending on 
the expert’s 
agreement)  
 

8. Scoring the evidence 
 

Boegli 
 

9. Guidelines derivation, methodology aspects  Van den berg 

10. Risk groups  
 

Bistrup, Kahn 
(Depending on 
expert’s agreement)  
Passchier Veermer 
 

10. Meta-analysis? 
The expert will be asked on the relevance of this point 
 

D. Houthuijs (if of 
interest)  

11. Neighbourhood noise (night)  Colin Grimwood 
(Depending on 
expert’s agreement)  
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Annex 2 

WORKING DOCUMENTS 

Theme 1. Proposed elements of a 1st background paper on night 
noise exposure assessment 
 
Group members 
Jacques Beaumont - Transport and Environment Laboratory, French National Institute 
for Transport and Safety Research 
Stelios Kephalopoulos – EC Joint Research Centre, Institute for Health & Consumer 
protection, Physical and Chemical Exposure Unit 
Peter Lercher* – Innsbruck Medical University, Institute of Hygiene and Social Medicine 
João de Quinhones Levy - Instituto Superior Técnico, University of Lisbon 
Gaetano Licitra – ARPAT, Departimento provinciale di Pisa 
* Rapporteur 
 
 
1. Rationale for tight regulation of night noise exposure 
 Increase in night noise exposure? 
 Spread of night noise to previous quiet and/or sensitive areas? 
 Recent results of sleep research 
 Increase of the pool of susceptibles? 
 The open doors of the END 
 
2. Noise metrics for characterization of night time noise exposure 
 Directive 2002/49/EC 
 Other metrics 
 Qualities needed for best description of night noise exposure with regard to human health 
effects 
 Noise metrics used in short-term health effect studies 
 Noise metrics used in long-term health effect studies 
 
3. The structure, distribution and measurement of night noise exposure across Europe 
 Types of night noise exposure 
 Continuous noise exposure 
 Intermittent noise exposure 
 Other forms of noise exposure 
 Types of night noise used in short-term human health effect studies 
 Types of night noise used in long-term human health effect studies 
 The uncertainty in estimating the various exposure types 

 
 Difference between most and least exposed façade 
 Measurement approaches 
 The quiet backyard ? 
 Uncertainty involved in estimating different façade exposures 

 
 Indoor versus outdoor night noise exposure 
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 Measurement of indoor night exposure 
 Comparisons across Europe 
 The uncertainty in estimating the actual night exposure at the ear of the sleeper 

 
 Night noise in special areas 
 Sensitive areas 
 Definition of sensitive areas 
 Noise characterization in sensitive areas 
 Quiet areas 
  Definition of quiet areas 
 
 Overall uncertainty in noise exposure assessment 
 Sensitivity to accuracy in input data 
 Sensitivity to choice of calculation points 
 Sensitivity to choice of noise metrics 
 
 Transfer of uncertainty in exposure assessment to uncertainty of effect assessment 
 Uncertainty due to inaccuracy in measurement data 
 Uncertainty due to inaccuracy in calculation points 
 Uncertainty due to the use of inaccurate noise metrics 
 

4. The protection of the night against noise across Europe 
 The behaviour of populations during night time 

 
 Existing guidelines 
 Description of the variations 
 The limits of current legislation 

 
 Current legislation 
 Description of the variations across countries 
 The limits of current legislation 

 
 The need for harmonization of protection of nights against noise exposure across Europe 
 

5. Proposal for accurate night noise exposure assessment 
 In short-term studies 
 In long-term studies 
 In noise mapping, SEA and EHIA 
 In sensitive areas 
 In quiet areas 
 

6. References 
 
7. Appendix 
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Theme 2.  - “Short-term effects of noise on sleep with specific 
attention to mechanisms and possible health impact”. 
 
Group members 
H. Miedema and A. Muzet  
 
 
This paper should include three particular aspects: 
- On the light of short-term effects, what could be the expected long-term effect of the 
sleep structure modifications?  
 
- Existence of groups at risk and possible potentialization between noise exposure and 
general sensitivity to environmental factors. 
 
- Can we explain the differences between “laboratory” and “field” results? 
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Theme 3. ‘Cardiovascular effects, Hypertension’ - Dr Wolfgang 
Babisch 
 
The background paper for this theme will include a review of the relevant 
epidemiological literature on the relationship between transportation noise and 
cardiovascular endpoints, including the prevalence or incidence of angina pectoris, ECG 
ischaemia, myocardial infarction and hypertension. Particular emphasis will be given to 
dose-effect relationships, effect modifiers, noise metrics, gender differences and 
day/night differences.  
 A distinction will be made between objective exposure (sound level) and subjective 
exposure (annoyance.. 
 
Issues of evidence will be considered in the background paper using the criteria given in 
the WHO document “Evaluation and use of epidemiological evidence for environmental 
health risk assessment”, which was distributed. The noise studies will be discussed with 
respect to the possible bias. The background paper will refer to reviews that have 
already been published. Existing reviews will be updated according to new study results. 
 
Since it was decided in the NNGL group meeting not (only) to rely on existing or new 
meta-analyses to derive dose-effect curves. An attempt will be made to suggest/select a 
few reliable studies that can be used as a reference for quantitative risk assessments. 
 
The background paper will include results from epidemiological studies on mean blood 
pressure readings in children. The focus here is not on risk groups, which is covered by 
theme 9, but on the presence or absence of an association as such. 
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Theme 5.b. Cognitive impairment – Dr Staffan Hygge 
 
The author will summarize what is reported on children and adults and a number of 
cognitive functions and will organize the material in the following way: 
 
 
 Day time noise Night time noise 
Children   
Adults   
 

Cognitive measures that probably will have a heading of their own 
 
Psychomotor performance 
Attention – primary memory 
Semantic memory – reading – language development 
Episodic memory 
Problem solving 
 
Motivation 
Accidents 
 
 
If enough material is available vulnerable groups such as children – elderly, the sick 
and pregnant women. 
 
In a parallel way the author will look at how sleep deprivation as an independent 
variable affects cognitive functions 
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Theme 5.d. Night Noise and Mental Health 
 

Stephen Stansfeld & Michael Stalski 
 
 

Table of Contents 
 
Introduction 

Transportation Noise and Mental health 

Road Traffic Noise 

 Acute effects 

 Chronic effects 

Aircraft Noise 

 Acute effects 

 Chronic effects 

Neighbourhood noise and mental health 

Mechanisms for causal links between noise and mental health 

Habituation to noise and mental health 

Risk groups for mental health effects of noise 

 Population groups at risk for mental health effects from noise 

 Noise Sensitivity 

Sleep disturbance and mental health 

 (To be completed by Michael Stalski) 

Conclusion 
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Theme 5.e. Sleep pathologies - Professor Sona Nevsimalova 

 
Subjective criteria of sleep pathologies: 

sleep log 
 sleepiness scales (Epworth or another type) 
 
Objective criteria of sleep pathologies: 
 

1. Screening method – Actigraphy 
At least 7 days of monitoring is necessary 

 
2. Gold nocturnal standard – Nocturnal Polysomnography   
Parameters to be scored in Nocturnal Polysomnography: 

Time in bed 
Total sleep time 
Sleep latency (NREM sleep and REM sleep) 
Sleep efficacy 
Sleep architecture (% 1NREM, 2NREM, 3NREM,4NREM and REM sleep) 
Cycles NREM-REM (No and continuity) 

  Stage shifts (Nos) 
  Pathological events: periodic leg movements (PLMI)  
            apnea and/or hypopnea (AHI, saturation)   
            others 
  

3. Excessive daytime sleepiness 
 MSLT (multiple sleep latency test) and/or 
 MWT (multiple wakefulness test) 

 
 

4. Computerized neuropsychological tests – e.g. Vigil 
attention is examined: 
reaction time and 
number of incorrect reactions 
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Annex 3 
LIST OF PARTICIPANTS 

Dr Wolfgang Babisch 
Federal Environmental Agency, Department of Environmental Hygiene, Division of Environment 
and Health 
Berlin, Germany 
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 ABSTRACT  
This meeting was the second of the night noise guidelines project. Technical discussions have taken 
place on central issues like exposure assessment, metrics, health effects, guideline set-up. 
 
The partners have presented the first drafts papers for the different identified themes and detailed
discussion took place for each one of them. The discussions concentrated mainly on central issues like
exposure assessment and guideline derivation. The experts recommend the use of DALY, which is an
internationally agreed metric, to assess the severity of health impact and to establish guidelines. 
 
The next meeting is planned for April 2005. 
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Background  
 
The WHO - European Centre for Environment and Health - European Centre for Environment 
and Health, Bonn Office, is coordinating a project aiming at establishing WHO night time noise 
guidelines (NNGL). 18 partners are associated to the technical part of the work. 
 
WHO convened the first project meeting in Bonn on the 7th and 8th of June 2004. The project 
partners, experts and national government officers met to define the work plan and discuss the 
organizational issues. They also allocated responsibilities, looked at the timetable, team 
coordination, the logistical and finance. It was agreed that the next step would be the production 
of background papers for the different identified themes. 
 
On the 6th and 7th of December the project’s second meeting was held in Geneva. This meeting 
was supported by the Swiss Agency for the Environment, Forests and Landscape (SAEFL). 
 

Introduction 
Dr Kerstin Leitner, the WHO Assistant Director-General for Sustainable Development and 
Healthy Environments opened the meeting. 22 experts and WHO staff attended the meeting 
(see participants list in Annex 1). Mr. Xavier Bonnefoy (WHO) acted as moderator. 
 
Dr Henk Miedema, Dr. Stylianos Kephalopoulos and Professor Joao Levy have sent their 
apologies for not being able to attend the meeting due to different constraints. Prof Kahn was 
remembered and praised by the group.  
 
The technical aspects for deriving guidelines were reviewed in detail. The partners presented the 
first drafts or their substantiating documents for the different subjects and detailed discussions 
took place for each one of them. 
 
The discussions concentrated mainly on central issues like exposure assessment and guideline 
derivation. The experts recommended the use of DALY, which is an internationally agreed 
metric, to assess the severity of health impact and to establish guidelines.  
 

Summary of the meeting 
 

Statement of Dr Leitner 
 
Dr Kerstin Leitner welcomed the participants and recalled the importance of noise as a major 
determinant of health, and of the WHO role on protecting human health from environmental 
factors. WHO has the production of guidelines as a major task and Dr Leitner has invited the 
group to develop standards and guidelines that can be applied to all WHO Member States (for 
all regions). She acknowledged that this is a European group but harmonization work should be 
planned to make the guidelines applicable for all member states.  
 
Member States are requesting advice form WHO, and other international bodies when 
developing legislation regarding transport and other activities. This group should provide what is, 
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from a health point a view, the levels permissible and the way to achieve this levels. The 
guidelines should have according to her, a strong section on noise management and mitigation.  
 
Dr Leitner suggested that the group starts by examining the scientific evidence on thresholds, 
then establishing the maximum values for each source associating, always when possible, a 
mitigation technique to reach those values. The guidelines document will be much stronger if it 
contains recommendations on how to achieve the proposed levels. As examples of success 
stories of noise reduction she pointed the story of the city of Athens where car horns were 
banned reducing noise considerably, and she also descried the procedure called “the continuous 
descent approach” for aircrafts for reducing the noise when landing. 
 
Dr Leitner also recommended a very comprehensive peer review by colleagues from other 
regions asking them to feedback and input on the document.  
 

Presentations by the project partners  
 
The first partners’ project meeting assigned topics to various teams and asked them to provide a 
first version of their background paper.  
 
After a small introduction the floor was given to the project partners for the presentation of their 
technical papers. 
 
The next chapter summarizes the presentations’ main content and the discussions that followed. 
The full papers will not be annexed to this report, since this was an intermediate project’s 
meeting and the papers are not yet finalized. 
 

Professor Peter Lercher - Noise management philosophies  
 
For managing noise problems, two different types of noise management approaches are 
possible: specific acoustical approaches and integrated approaches. The first type includes 
dose-effect relationships approaches, event based approaches (oriented towards avoiding or 
stopping the noise sources) and Psychoacoustic approaches. The integrated approaches 
includes acoustic ecology, soundscape approaches and multi-sectoral environmental health 
impact assessment approaches. 
 
Establishing guidelines for noise is more complex than for air and water because for these two 
pollutants maximum concentrations can be defined according to toxicology models. Noise levels 
on the contrary, can not be established exclusively according to biological effects on human 
because perception plays an important role (the response changes according to individual 
sensitivity, source associated perception, among others). 
 
Professor Lercher’s presentation then concentrated on different aspects of noise measurement. 
There are significant differences between seasons on the same measurement site, and also the 
annoyance response to the same level of noise depends on the site (depending maybe of 
geography e.g mountain areas versus flat). 
 
The situation regarding day and night time noise exposure distribution is also changing. The 
tendency is more and more for not having differences between day and night levels (the 
exposure during the day has stabilized but it has increased during the night. The increase of 
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goods transport by railway at night has been one of the main causes of this shift and probably 
the annoyance attributed to this source has also changed.  
 
On the metrics side, according to the Alpine Valley study, geography and distance to the road 
correlates very well with sleep disturbance.  
 

Professor Jacques Beaumont – Noise metrics and sleep – a proposal of indicators  
 
Two indicators for noise exposure assessment were proposed (effective perceived noise level 
(EPNL) and transit exposure level (TEL)) and two case studies for aircraft and tramway noise 
presented. 
 
EPNL is to be used for aircraft noise. This index considers the background level and the peak 
levels being expressed in Perceived Noise decibel (PNdB). TEL is to be used for railway noise 
and considers the speed and length of the train.  
 
In the case studies presented these 2 indicators performed better than Lnight (equivalent sound 
level for the 8 hours of the night period) in cases of the existence of a high number of noise 
events. For few events (less than 30 times), Lnight varies more slowly than TEL or EPNL. For 
large number of events, all the indicators vary in the same order of magnitude. However all two 
new indexes are rather complex to compute. 
 
Discussion  
 
These two presentations were then discussed. The participants reacted strongly to the second 
presentation, especially to the proposal of new metrics. It was pointed that existing indicators 
correlate very well so there is no need to look for and add new indicators. The possibility of 
including a “distance to the road” parameter was discussed because it correlates well with sleep 
disturbance.  
 
The group agreed that the number of events is very important and will have to be included, 
especially for describing awakenings or arousals, but was very much uncertain of the 
advantages of introducing new indicators.  
 

Professor Alain Muzet - Short-term effects of noise on sleep with specific attention to 
mechanisms and possible health impact 

 
With his presentation Prof Muzet gave a brief overview of the mechanisms through which noise 
immediately affects sleep. Noise may cause the following short-term effects on the sleep 
structure: delay of sleep onset, awakenings, sleep stage changes, electroencephalographic 
arousals, global modifications in temporal organisation of sleep stages and the total time spent 
in different sleep stages, and premature final awakening. In addition to these effects, other short-
term effects caused by noise are modifications in the autonomic functions (heart rate, blood 
pressure, vasoconstriction and respiratory rate) and body movements.  
 
It can be considered that chronic short-term effects can provoke more serious and long-term 
effects on health when they don’t disappear with the repetition of the stimulus over a long time 
exposure e.g. there is no habituation when of frequent exposure.  
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Body motility changes with noise stimulus at a relatively low level, while behavioural awakening 
(the strongest instantaneous interference of noise with sleep) has the highest threshold for 
occurrence of an instantaneous effect considered. In Passchier-Vermeer et al study increased 
probability of instantaneous motility was found for events with a maximum sound level (Lmax) of 
32 dB(A), while behavioural awakening was found for events with Lmax of 42 dB(A). This study 
also shown that also sleep latency and average motility during the sleep period increased 
monotonously as a function of the noise exposure level.  
 
The second part of the presentation focused on possible risk groups to noise. This can be 
people reporting sensitiveness to noise, shift-workers and night-workers. People sensitive to 
noise normally complain and protest more against noise.  
 
Several authors have studied individuals reporting noise sensitivity as a factor to evaluate highly 
sensitive and non sensitive groups and to compare their reactions to noise exposure during 
daytime and night-time. In the laboratory studies self declared highly sensitive individuals had 
higher cardiovascular response rates to noise than non sensitive while they were awake, 
nevertheless there was no difference in sensitivity to noise between the two groups while they 
were asleep.  
 
The sleep of shift workers is often disturbed by combined influences of ambient factors (noise is 
one of them) and chronobiological factors (e.g. sleeping at an unusual time of the day), but noise 
was considered as the first cause of sleep interruptions in a shift worker female group study.  
 
Discussion 
The cardiovascular function is a basic reflex function and that is why it does not habituate to 
noise. Elderly and children are more reactive. During the night it is “observed” more because 
during the day the information processing through the cortex is different and the individuals can 
“ignore” the signal. The response also depends on the sleep stage in which the person is.  
 
Professor Sona Nevismalova - Long term noise-induced health risk mediated particularly 
by sleep 
 
When a person has his/her sleep disturbed by noise the following effects are observed: 

- reduction of sleep efficiency,  
- increased number of arousals,  
- increased stage shifts,  
- increased movement time,  
- increase of REM sleep,  
- decrease of slow wave sleep (NREM 3 + 4),  
- and a decrease of total sleep time  

These effects, when chronic, can have persistent and permanent effects on mental and physical 
health of exposed people. 
 
We can observe the first changes on sleep at noise levels of 45 dB(A) Leq. When this level is 
observed a decrease of REM sleep stages and a decrease of slow wave sleep (NREM 3+4) 
occur. These changes are more pronounced at 60 dB(A), where a big decreases of REM sleep 
is observed and we have superficial synchronous sleep (NREM 2) dominating. Several studies 
demonstrated that intermittent noise has a more disturbing effect on sleep than continuous. 
 
Several environmental stressors including noise can cause insomnia. Insomnia is commonly 
defined as a difficulty in initiating and/or maintaining sleep. According to a research group of the 
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U.S. National Center for Sleep Disorders Research (1999), “insomnia is an experience of 
inadequate or poor quality sleep characterized by one or more of the following: difficulty falling 
asleep, difficulty maintaining sleep, waking up to early in the morning, non-refreshing sleep“. 
Insomnia also involves daytime consequences, such as “tiredness, lack of energy, difficulty 
concentrating, and irritability“.  
 
It is estimated that around 10% of the population have chronic insomnia, when considering 
insomnia of any duration or severity this number increases to between 30% and 50% of the 
population. Developing insomnia increases with aging and women are particularly vulnerable to 
develop insomnia in the course of perimenopausal time. 
 
Risk groups for having their sleep disturbed by noise were indicated by professor Nevismalova, 
similarly to the previous speakers: 
 

1. sensitive subjects (anxious and with neurotic tendencies); 
2. children (because the growth hormone is segregated during SWS sleep and the REM 

sleep is crucial for memory);  
3. women during pregnancy and perimenopausal period  
4. shift workers 
5. elderly people (their sleep is more superficial) 
6. patients at intensive care units,  
7. low-birth weight infant units,  
8. and residents and disabled persons in nursing homes. 

 
Besides healthy population, standards should be recommended and strictly adhered to in 
hospitals, particularly at intensive care units. 
 

Dr Leja Dolenc Grošelj - Physical effects resulting from night time noise exposure 

 
Dr Groselj’s presentation covered the “next day effects” after having a disturbed sleep by night 
time noise exposure. There is solid evidence that noise interferes with sleep, awakenings being 
the most common consequence. Noise events interrupt the sleeping process for a period of time 
going from a few seconds to several minutes. The repetition of these sleep modifications 
throughout the night may lead to chronic sleep loss with consequences such as chronic fatigue, 
sleepiness during daytime, and a global poor life quality.  
 
Extensive studies dealing with sleep disturbances caused by noise exposure have been 
published during the last ten years. Most of them are dealing with sleep fragmentation and its 
consequences, insomnia being the most serious consequence. However, fatigue, drowsiness 
and excessive daytime sleepiness were significantly less studied. Most of the studies dealing 
with daytime consequences were subjective. Objective studies with laboratory measurements 
are lacking. 
 
Discussion 
It is extremely difficult to measure fatigue and sleepiness. The only way is by asking people. 
There is no harmonized way of measuring it. Sleep recordings can be performed but they are 
rather difficult and expensive. One possible solution would be to adapt the results for insomnia; 
this is probably the only way to have health data on this subject. 
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Professor Stansfeld; Dr Michal Skalski - Night noise and mental health 
 
Professor Stansfeld described the associations between noise (transport, neighbours and 
occupational) and mental health. Limited data exists for night noise, also due to the fact that 
occupational noise findings can not be used. It is generally accepted that noise exposure at night 
is more disturbing than daytime noise because it interferes with rest and sleep. Because there is 
little direct research on night time noise and mental health the evidence for environmental noise 
and mental health in general was analysed first. 
 
Results of several studies were presented. In these studies the association between noise and 
mental health has been examined using a variety of outcomes including individual symptoms (at 
the simplest level), psychiatric hospital admission rates, use of health services, psychotropic 
medication, and community surveys. Current evidence does seem to suggest that environmental 
noise exposure, especially at higher levels, is related to mental health symptoms and possibly 
raised anxiety and consumption of sedative medication, but there is little evidence that there are 
more serious effects.  
 
Further research is needed on mental health effects originated from exposure to very high noise 
levels. Existing studies may be confounded either by prior selection of subjects out of noisy 
areas or by confounding noise exposure, socio-economic deprivation, and psychiatric disorder. It 
is also possible that people underestimate or minimise the effects of noise on health through 
“optimism bias” this is a particularly protective factor for mental health. If a person copes well 
with the noise it is less likely that it has a harmful effect.  
 
Depression is heavily associated with insomnia, but not much is known about the mechanisms 
linking insomnia to depression. Anxiety and insomnia have similar causes and it is very difficult 
to distinguish which triggers which. 
 
Population, as well as clinic-based studies, have demonstrated a high rate of psychiatric 
morbidity in patients with chronic insomnia. It has traditionally been assumed that insomnia is 
secondary to the psychiatric disorders; however it is possible that in some cases the insomnia 
preceded the psychiatric disorder.  
 
Discussion 
 
Noise as a stressor affects health in a different way from the other stressors. Noise is a classical 
stressor involved in the information processing but during daytime, the brain can “ignore” it and a 
positive reaction towards it will reduce its effects (e.g. when associated with fear, negative 
attitude regarding the source the effects are much higher). 
 
People that have already mental problems, likewise paranoia, can be extremely affected by 
noise (all noises are seen as threats). More research is needed to identify night time exposure to 
noise effects on mental health.  
 
Dr Christian Maschke – Stress mechanisms  

 
Noise triggers a stress reaction, the crucial question is whether noise can actually be regarded 
as a stressor that induces health damages, mainly in the pathogenesis of cardio-vascular 
diseases.  
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Stress is a non-specific reaction of a living organism, which can be triggered by any exogenic or 
endogenous (including cognitive and emotional) induced stimulation involved in the information 
processing of the central nervous system. It can cause temporary or permanent functional or 
structural changes in all body systems. Eustress (positive stress) promotes performance and 
health; distress (negative stress) is a variety of stress with a pathological appearance.  
 
There is biological plausibility of noise being a psycho social stressor activating the sympathetic 
and endocrine systems and there is sufficient evidence that noise levels higher than 50 dB (A) 
disrupt strongly the hormone secretion cycles. 
 
The non-specific reaction by stress is strongly modified by: 

 the individual functional condition (activation is not only dependent on the volume of the 
acoustic stimulus, but is also determined for example by vegetative excitation levels and 
subjective perceptions of influence) 

 habituation – dishabituation (habituation to noise) is only to be expected in cases of 
acute stimulation or low intensity) 

 conditioning of the non-specific reaction (in terms of noise, negative emotions essentially 
triggered by conditioning include anxiety, fear, helplessness and defencelessness) 

 
Hormones are secreted according to a rhythm. The time a person takes to recover from a 
stressed situation depends very much upon individual characteristics and of the emotions they 
experience.  
 
Persons that express hostility have a higher risk of cardio vascular diseases, this is also true to 
noise. The more a person is hostile to it, the higher is the risk of cardiovascular dysregulation.  
No-acoustical factors play a big role in this process. 
 
The chronobiological stress caused by night noise occurs during the most important period for 
recovering of a human-being! It is extremely important to preserve this period to maintain the 
balance necessary for good health. 
 
Discussion 
 
Hormones during sleep are secreted on a pulsatic way, following a similar pattern, e.g. the 
growth hormone secretion can be affected by a noise stimuli, however there is a gap on 
knowledge is on the effects of disturbing these patterns.  
 

Dr Wolfgang Babisch - Health effects related to stress mechanisms - Cardiovascular 
effects 

 
Dr Babish has carried a very comprehensive literature review. He has selected the studies 
according to the WHO document “Evaluation and use of epidemiological evidence for risk 
assessment”. Using all six criteria of the document for considering epidemiological studies, 5 
studies emerged that refer to the association between road traffic noise and ischaemic heart 
disease. The presentation focused on these studies even though the other studies were also 
mentioned. 
 
All the five studies were analysed and published with respect to clustered data (high vs. low 
exposed), which raises some concern regarding its application for the derivation of guidelines. 
One of these studies was considered in the earlier meta-analysis (the only one) for aircraft noise 
and hypertension. When dose-response studies on self reported prevalence of hypertension are 
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included, two more peer-reviewed studies appear on the list. These studies were carried out in 
Berlin (Germany) with respect to hypertension and Stockholm (Sweden) with respect to aircraft 
noise.  
 
Nearly no information is available from epidemiological studies on the cardiovascular effects of 
long-term noise exposure, particularly, during the night-time or with respect to the exposure of 
the bedroom. Only one study suggested slightly higher effect estimates with respect to the 
exposure of the bedroom (during the night) compared with the exposure of the living room 
(during the day). However, this study has some methodological limitations that were also 
addressed in a recent report of the Dutch Health Council. A few studies regarding subjective 
responses to community noise suggest a closer relationship of cardiovascular diseases with 
sleep-related annoyance and disturbance reaction rather than with non-sleep related 
annoyance/disturbance. Closing the bedroom window or, vice versa, sleeping with the bedroom 
window open, was associated with a, respectively, lower or higher risk. The same was found 
with respect to swapping bedroom and living room because of noise. These findings may 
indicate that night-time noise may be more a determinant of noise-induced cardiovascular 
effects than the daytime exposure. However, during daytime time-activity patterns and 
expectations of the individuals are much more inhomogeneous than during the night, which 
dilutes possible effects.  
 
Given the prevailing situation, there does not seem to be any other way of reasoning than 
inferring night noise recommendations or guidelines from the results of epidemiological studies 
that refer to the noise exposure during the daytime period (Lday) or the whole day (Ldn, L24h). 
Lden appears to be a useful noise indicator for formal decision-making and regulatory purposes, 
but not for noise effects' research. Such global noise indicators refer normally to the most 
exposed facade, which incorporates a certain degree of exposure misclassification regarding 
cause-effect relationships.  
 
However, in urban settings, night-time average noise levels from road traffic tend to be 
approximately 7-10 dB(A) lower than daytime average noise levels. In such cases, Lden is 
approximately 2 to 3 dB(A) higher than Lday. Therefore, in epidemiological studies in which the 
relative effects of road traffic noise is studied, the sound emission during the daytime can as well 
be viewed as an approximate relative measure of the overall sound emission including the night. 
This seems to be further justified since existing noise regulations usually consider a 10 dB(A) 
difference between the day and the night, which is also incorporated in the construct of Lden. 
With respect to railway noise and aircraft noise no such stable relationship can be assumed. The 
day (night difference depends very much on the cargo traffic during the night and existing night-
flight restrictions regarding airports. Assuming these circumstances epidemiological studies can 
be considered for the development of night noise guidelines that were not focussing explicitly on 
the exposure during the night. This approximation can, particularly, be made with respect to road 
traffic noise. With regard to aircraft noise and the night-flight problems in the vicinity of busy 
airports, at present no other alternative exists than the approximate transfer of the quantitative 
risk observations derived from road traffic noise studies to aircraft noise. However, since aircraft 
noise acts on all sides of a building, i.e. different to road traffic noise, the suspicion exists that 
the effects induced by aircraft noise could be greater than those induced by road traffic. This 
may be due to of the lack of evasive possibilities within the home, and the greater annoyance 
reactions to aircraft noise, which are usually expressed in social surveys.  
 
The assessment of dose-effect relationships sometimes suggested a cut-off level, above which 
the risk tends to increase. From a biological point of view one would expect a continuous 
increase in risk with increasing noise level. However, adaptation, coping and habituation may be 
reasons for an empirical threshold of effect. Decisions with respect to guidelines values should 
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be based on a quantitative risk assessment – not ignoring the individual risks of exposed 
subjects, if considered as relevant.  
 
Discussion 
 
The expert has considered that sufficient evidence exists for noise exposure and ischemic heart 
disease even if there aren’t a large number of studies. A significant increase is observed for 65 
dB(A) during day time and 55 dB(A) for night time.  
 
A new meta-analysis using all the mentioned studies can be performed, but the author would 
have to be able to consult the original studies (not only the summary and the published results). 
 

Dr Svenaza Yovanovic – Children accidents 
 
Apparently there is only one study on children (Udine hospital, Italy) and the recent LARES 
survey dealing with accidents and noise. Some data exist for falls, poison, ingestion of toys or 
other strange objects, heavy injuries and road traffic accidents but no linkage has been done 
with noisy conditions at the school or home. 
 
One very interesting fact is, as shown by a Swedish study, that twenty five percent of school 
injuries (in children between 7 to 19 years old) are caused by other pupils. Some of this violence 
and aggressiveness can be related to noisy conditions. 
 
A German study carried in Cologne, with 5000 children, has shown associations between bad 
sleep conditions and aggressiveness. Leger and al. have published a paper where it is 
described that 40% of car accidents and 30% of work accidents are sleep related, for domestic 
accidents the main risk factor is having a sleep disorder. Sleepiness is related to accidents but 
again, there is a lack of studies with covering the relation with noise. 
 
Discussion 
 
Knowledge exists for sleep reduction and risk of accidents but insomnia does not always lead to 
sleep reduction. Attention has to be paid to speculation around this theme, only clear and solid 
results should be used.  
 
The results of occupational noise can probably be used, Prof Lercher has carried a meta-
analysis for the ICBEN congress in 1998 and has found some data for noise at workplace and 
accidents. 
 
An accidents risk assessment can also probably be made using insomnia as a model. When 
insomnia is caused by noise what is the risk of accidents? Can an extrapolation be made from 
the existing literature that noise at night causes x work accidents, y traffic accidents, z domestic 
accidents? 
 
Dr Staffan Hygge - Night noise and cognitive impairment  
 
Prof Hygge has performed a review on the effects of night noise exposure on cognitive 
performance. Searching PsychINFO for (noise AND night AND (memory OR learning OR 
attention)) resulted in nine hits, all related to sleep or irregular sleep patterns or night shift work. 
In contrast to this lack of reported research, searching Google with the same keywords and 
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operators yields 2.7 million hits. Subtracting all texts with a reference to sleep left a remainder of 
1.8 million hits. This discrepancy in numbers between texts reporting research and other texts 
containing the same keywords may reflect a situation of high interest but little of hard facts. 
 
There are links between night time exposure and reduced sleep quality and between reduced 
sleep quality and cognitive performance; however the links between night noise exposure and 
cognitive performance are missing. This is the ones we will have to concentrate on.  
 
Several difficulties were encountered relating to: 
 - day and night time exposure 
 - children and adults differences 
 - restoration 
 - communication and noise 
 
During the night we are not “learning” but there are important functions occurring in the brain like 
memory storing. It can also be the case that noise doesn’t have an impact on cognitive system, 
but it only lowers motivation and ambition that possibly lead to problems in school.  
 
Discussion 
 
Can the processing memory mechanism be described? And what part is affected by night time 
noise? It is known that Cortisol plays a crucial role for memory process, for instance if there is an 
increase of cortisol there is a lack of next day memory but we don’t know if the memory is 
affected through other mechanism. It is also known that it is not cortisol that affects memory, a 
disruption of its normal secretion rhythm shows a disturbed sleep. Cortisol is a stress hormone, 
people highly stressed during the day need a better sleep, and everything is linked. 
 
Knowledge on noise and hormones is rather limited! Specialized literature exists for the 
“normality” and the role of the hormones on a good health. The guidelines should consider 
having a chapter on this and infer on the possible effects of noise. Like in other health 
determinants the group should use the precautionary principle and be based on the existing 
knowledge. 
 
Professor Hartmut Ising - Animal Studies 
 
Noise has often been used as a stressor in animal studies. Most of the modern animal studies 
testing the pharmacological effects of drugs are carried out with and without various stressors. 
The animal model for auditory effects in humans has been established in great detail, a 
quantitative transference of results from animals to humans is possible. However, inner ear 
damage generally occurs at much higher noise levels than the environmental levels usually met 
in daily life. 
 
Extremely intensive unpredictable noise near the inner ear pain threshold triggers, in awake 
mammals, a defeat reaction with increases of ACTH/cortisol while the catecholamines 
adrenaline and noradrenaline remain normal or are slightly decreased.  
 
Beside cardiovascular stress effects, chronically increased cortisol may induce neuronal 
degeneration and thus accelerate the ageing also of the brain not only in rats but in humans as 
well.   
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The importance of calcium magnesium shifts was confirmed by post mortem studies of hearts 
from victims of ischaemic heart diseases (IHD). The tissue samples were taken from areas of 
the myocardium not affected by the infarction and the results were stable after controlling for 
several confounders.  
 
Long-term experiments with magnesium deficient and noise-stressed rats showed that 
connective tissue and calcium in the myocardium increased with age while Mg decreased. 
Hence, stress caused by noise or cold is enhanced by sub-optimal Mg intake and accelerates 
the ageing of the heart and decreases the life span.  
 
Rhesus monkeys exposed to traffic noise for 10 h/day during 9 months (Lmax=97 dB, Leq=85 
dB) developed significant blood pressure increases persisting 3 weeks after termination of 
exposure. A replication of this experiment with a different species of primates failed to show an 
increase of blood pressure. 
 
Some important factors influencing health effects of chronic noise exposure: 

-  Unpredictability of noise events 
-  Genetic factors (inbreeding) 
-  Combination with other stressors 

 
Animal studies shown that chronic noise-induced stress accelerates the ageing of the 
myocardium and increases the risk of myocardial infarction.  The involved pathomechanisms 
include: increases of catecholamines and/or cortisol and an interaction between endocrine 
reactions and intracellular Ca/Mg shifts accelerating the ageing of heart and circulation. 
 
Discussion 
 
Magnesium deficiency is an effect of noise exposure but there are contradictory results. A 
person needs time of no-stress for reabsorb magnesium. Cortisol is a better indicator than 
noadrenaline. This patterns need to be well described.  
 

Professor Oliviero Bruni - How to take into account the specific needs of children. 
Children’s sleep 

 
In the last years, a growing body of literature demonstrated the strict relationships between sleep 
disturbances and daytime dysfunctions. Results from recent quantitative research on noise as 
an environmental stressor consistently demonstrate that children are more vulnerable than 
adults to the adverse effects of noise exposure especially when considering the effects on 
cognitive performance, motivation and annoyance. 
 
Data shows that children with sleep-related obstructive breathing disorders (SROBD) are less 
reflective, more impulsive and show poorer sustained and selective attention, memory impaired 
and showed reduced academic performance and learning. Early treatment showed that attention 
deficits in OSAS (Obstructive Sleep Apnea Syndrom) children are reversible. Actigraphic study 
in school children showed that lower sleep efficiency and longer sleep latency were associated 
with a higher percentage of incorrect responses in working memory tasks. Almost thirteen 
percent of children that have frequent and loud snoring during early childhood report low 
academic (versus five percent with high academic performance). Healthy children with 
fragmented sleep showed lower performance on neurobehavioral functioning (NBF) and had 
higher rates of behaviour problems. 
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Children and adolescents with disturbed sleep report more depression, anxiety, irritability, 
fearfulness, anger, emotional instability, inattention and conduct problems, and drug/alcohol use 
in adolescence. At 3, 4 years of age persistence or recurrence of infant sleep problems is 
common and associated with higher aggressive behaviour and somatic problems and maternal 
depression scores.  
 
A study exists for the increased risk of accidents. In Italy for 292 injured children who presented 
at the Children’s Emergency Center of Udine, there was a direct association between injury risk 
and sleeping less than 10 hours. Among 3 to 5 years old boys there was reported an 86% 
increase risk of injury.  
 
Inadequate sleep duration and lack of daytime naps (in school) are transient exposures that may 
increase the risk of injury among children.  
 
Although we should take into account that it is at present impossible to indicate whether children 
are possibly more sensitive than adults to other direct biological effects of night-time noise, we 
can hypothesize the effects of night-time noise during sleep in children based on inferences of 
adult studies.  
 
It is known that adults’ physiological responses appear at an Leq in the bedroom of 
approximately 40 dB(A) and behavioural awakening occurs when the bedroom Lmax exceeds 
55 dB(A). Since child’s autonomous nervous system is more readily activated by noise (acoustic 
stimuli of much lesser intensity 10 to 15 dB) when sleeping than an adult’s, it can be assumed 
that children are more sensitive also to detrimental effects of noise exposure. 
 
In the following table the effects of sleep disruption specific to children, based on literature 
evidence are described. 
 
Effects of sleep disruption in children induced by noise  
Short term  Behavioral Daytime fatigue; decreased performance and concentration, memory 

difficulties; difficult behavior; increased motility 
 Medical  increased heart rate; use of sleeping pills and sedatives 
 Mortality  Increased risk (Sudden Infant Death syndrome) ?  
   
Long term  Behavioral Difficulty in modulating impulses and emotions; poor performance at 

school, fatigue, memory difficulties, concentration problems; impaired well-
being and motivation: increased risk of accidents; increased motility 

 Psychiatric  Depression, anxiety conditions; aggressive and delinquent behaviour; 
attention-deficit/hyperactivity disorder; alcohol, smoking, caffeine and other 
substance abuse (?)  

 Medical  Increases in sleep disorders (parasomnia); changes in blood pressure; 
changes in carbohydrate metabolism; changes in immune system (?);use 
of sleeping pills and sedatives 

 Mortality  Increased risk (Sudden Infant Death syndrome) (?)  
 
During what can be considered a “normal” sleep in average a child should not have more than 7 
arousals per hour. 
 
 
 
 
In order to quantify or to specify limits for sleep disturbances induced by noise in children the 
following table can be established:  
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  Preschool Sleeping in School 
Night noise limit Leq <30 dB(A) Leq <30 dB(A) 

Arousal n°/h < 7 < 9 

Cyclic AP rate < 30% < 35% 

N° awakenings > 2 lasting > 15’ > 2 lasting > 15’ 

 
Children should be considered as a risk group, specially the ones that have a low birth weight, 
are small for gestational age babies, have had preterm birth, are already having learning 
disorders behavioural disturbances (i.e. hyperactivity) and already have sleep disorders. 
 
Discussion 
 
This presentation raised a large discussion around the proposed guideline values. There was a 
problem with the metric used (SEL and Leq) that is already corrected in this report. The proposal 
of the CAP rate and number of arousals was questioned but Professor Bruni shown the results 
of the studies where he has based his results.  
 
Professor Bruni was asked on the number of arousals and Cyclic Alternating Pattern (CAP) and 
its relationships with noise. How can this be measured?  
During NREM, sleep maintains an oscillating pattern that reflects different levels of arousal that 
has been coded as CAP. CAP is a periodic EEG activity of NREM sleep characterized by 
repeated spontaneous sequences of transient events (phase A) which clearly breaks away from 
the background rhythm of the ongoing sleep stage, with an abrupt frequency/amplitude variation, 
recurring at intervals up to 1 min long. The return to background activity identifies the interval 
that separates the repetitive elements (phase B). 
Simplifying the CAT rate can be an indicator of sleep quality. The potential indicators of sleep 
disruption in children are mainly represented by arousals and cyclic alternating pattern (CAP). 
 
Literature shows that reactions smaller than a sleep stage change correlate better to the noise 
intensity than awakening reactions. Arousal analysis, CAP analysis and identification of new 
parameters of sleep fragmentation (sleep pressure score) in children can give new insights on 
the relationships between sleep disruption and cognitive consequences. 
 
Lnight can not be the only descriptor of a good sleep, the number of arousals, the CAP rates and 
awakenings will also have to be defined. The guidelines will have to consider descriptors of good 
sleep.  
 
The remaining question that was rose is how to calculate these parameters, what should be the 
relevant metric to put into legislation!  
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Dr Mueller – Wenk - Determining the severity of noise-related human health effects within 
an established health metric system 
 
Amongst noise-related health effects, small impairments affecting large fractions of a population 
may be more important than a small number of noise-related severe effects, even deaths. To 
obtain a comprehensive picture of noise-related health damages, it is advisable to link dose-
effect-relations to the severity weights of the respective health impairments.  
 
The DALY concept, as widely used by WHO, is an advantageous health metric system for 
assessing noise-related impairments. Until now, health endpoints of available dose-effect 
relations are not enough precise for an attribution of severity by medical experts. 
 
Noise-related sleep disturbance is clearly a disability (and not merely an annoyance), and its 
disability weight was rated by medical experts roughly equal to 'chronic Hepatitis B infection 
without active viral replication'. A second study with Obstructive Sleep Apnoea Syndrome 
(OSAS) confirmed that this rating is conservative. Sleep disturbance is the dominant component 
of the road-noise-related part of the Swiss burden of disease. 
 
In order to strengthen the scientific support for more effective noise abatement, Dr Wenk 
recommends the group to concentrate on the following activities: 
- make a provisional ranking of the importance of the health effects to be considered in the 
perspective of a person's burden of disease.  
- agree on properly defining the health endpoints of dose-effect-relations, so that it is possible to 
attribute a severity weight to these health endpoints, preferentially within the rules of the DALY 
system; 
- agree on the question of positioning disabilities as hypertension, increased blood lipids, 
interference with speech communication, annoyance. 
- decide on the most important and necessary dose-effect relations, and proceeds to a collection 
of available preliminary data for these. 
- agreeing on a list of missing disability weights covering the noise-related health effects.  
 
Discussion  
 
The group agreed with using the DALY methodology because it is a common international health 
metrics and will allow a common language for the major health determinants. In addition it is of 
interest for the decision makers when having to make decisions regarding different pollutants.   
 
Dr Martin Van den Berg – deriving guideline values for night noise 
 
Dr Van den Berg has based his analysis on three documents, “Evaluation and use of 
epidemiological evidence risk assessment (WHO publication)”, the “Air quality guidelines for 
Europe (WHO, 2nd edition)” and the recent report from the Health council of the Netherlands 
“Influence of Night time noise on sleep and health”. 
 
A general approach for deriving guidelines consists in undertaking several steps: 

1. Assessment of the impact on the population; 
2. Evaluating the impact; 
3. Assessing options to avoid or reduce impact considered undesirable; 
4. Cost-benefit analysis of the options or of mix of options; 
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5. Assessment of the preferred option; 
6. Implementation. 

 
As steps on Health Impact assessment (following the WHO document evaluation and use of 
epidemiological evident), the data has to be collected and validated, the metrics of exposure 
have to be specified and the health outcomes defined. Then the methods for estimating the 
exposure response relationships and the baseline frequency of health outcomes specified for 
assessing the attributable cases to noise. 
 
The criteria for evaluating studies could be by separating the biological and health effects, then 
evaluating the significance of health effect, establishing the exposure-effect process based on 
the strength of the evidence for each relationship . 
 
The health council of Netherlands reports that noise affects the quality of sleep, general well – 
being, social contacts and concentration and medical conditions reducing consequently life 
expectancy.  
 
   
Sleep 
quality  

Reduced perceived sleep quality 
Difficulty getting to sleep, difficulty staying asleep  
Sleep fragmentation. Reduced sleep time 
Increased average motility when sleeping 

Sufficient evidence 
Sufficient evidence 
Sufficient evidence 
Sufficient evidence 
 

Well 
being 

Sleep disturbance 
Health problems  
Use of sleeping drugs and sedatives 
Increased daytime irritability  
Impaired social contacts 
Impaired cognitive performance 
 

Sufficient evidence 
Sufficient evidence 
Sufficient evidence 
Limited evidence, plausible  
Limited evidence, plausible  
Limited evidence, plausible  
 

Medical Insomnia  
Hypertension 
Depression (in women) 
 

Sufficient evidence 
Limited, indirect evidence, plausible 
Limited, indirect evidence, plausible  
 

Premature 
mortality  

Cardiovascular disease 
Occupational accidents  

Limited, indirect evidence, plausible  
Limited, indirect evidence, plausible  
 

Effects on health and well being of prolonged exposure to noise during the sleep period (the health council 
of the Netherlands, 2004) 
 
Deriving guidelines (taking the example of the air quality) is always a complex process. There is 
always lacks on knowledge and it is very difficult to have all the evidence with full confidence. 
Quoting the air quality guidelines: “Ideally, guideline values should represent concentrations (…) 
that would not pose any hazard to human population” - “Although a certain risk can be tolerated” 
- “The use of a standard approach is impossible”. 
 
There are different approaches for establishing guidelines for night time noise, a first possibility 
is to write a document with the state of the art without providing guideline values, another 
possibility into provide DALY-weighting for all end points and the last avenue could be to give 
the same protection as other existing and solid guideline values ( e.g air quality – Lnight of 40 dB 
same protection as NO2= 40 ug/m3 (WHO air quality guidelines)). 
 
For controlling noise during the night a restriction of night time activities can be envisaged, or the 
use of only quiet equipment during night time. Another type of measures is the banning of noisy 
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activities from sensitive areas (e.g. residential areas) or the other was around taking sensitive 
activities from noisy places or insulating buildings. All these measures are very expensive and 
not easily put in practise.  
 
It could be concluded that firstly all the information and evidence have to be collected, that, 
based on solid facts the group has to decide if and what guideline values to use. The evidence 
should be systematically assessed for validity and strength. 
 
Discussion  
 
Guidelines values will be established, if the group produce only recommendations nothing will 
change on the noise field. The guidelines should have a protective role and will be based on the 
best available evidence. Risk assessment methods and DALY approach could be used when 
there are minor gaps in the knowledge. 
 
 

Mr Colin Grimwood - Neighbourhood Noise - guidelines 
 
Mr Grimwood’s presentation concentrated on how to consider neighbourhood noise in the night 
noise guidelines. Should guideline values be defined or just recommendations and good practice 
advice be provided? 
 
Deriving guideline values for neighbourhood noise is a very difficult, not to say impossible, task. 
First a clear definition for neighbourhood noise has to be agreed upon. The existing definitions 
are: 

• Transportation noise - noise from the normal operation of a mechanised mode of 
transport, primarily road vehicles, rail vehicles and aircraft. 

• Neighbour Noise - noise from people, pets and the use of domestic appliances in and 
around residential premises. 

• Neighbourhood Noise - all other noise sources produced in the neighbourhood! 
 
Mr Grimwood had not undertaken a literature review but he can confidently state that there are 
less studies on night-time neighbourhood noise than transport noise, and only those made in last 
few years are likely to be suitable for intercomparisons.  
 
The second major question raised was whether a night-time neighbourhood noise guideline 
would be an appropriate approach for all neighbourhood noise sources. How would a guideline 
value be enforced? Additionally some countries (e.g. Switzerland) have different institutions 
dealing with the different noise sources. Environmental, occupational and neighbourhood noise 
are under the responsibility of different governmental agencies and levels (neighbourhood noise 
is usually dealt at local level).  
 
The approach for regulating neighbourhood noise has to be a holistic approach. Firstly a noise 
impact assessment has to be made, considering the absolute level of noise and any possible 
noise changes. In addition the non acoustic factors need to be taken into account (time-of-day, 
season of year, type of area, attitudes to source, neuroticism, negative affectivity, individual 
sensitivity to related pollutants, expectation, history of noise exposure, employment or other 
connection with the noise source, education, home ownership, type of dwelling, length of 
residence, etc). The context is very important and factors like behaviour and other social factors 
need to be considered as well as  other factors such as acoustical insulation.  
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The way different countries deal with neighbourhood noise is also different. For example, in 
England the generalised findings on dose/response, sleep disturbance, effects of change, role of 
non acoustic factors applicable to the different types of neighbourhood noise are not used in 
primary legislation for any neighbourhood noise source. Instead the law allows environmental 
health practitioners and the courts to take such factors into account when assessing the 
likelihood of noise nuisance. Nevertheless, there are a few examples of guideline values in use 
in England for night time neighbourhood noise (mixed sources, outdoor concerts, industrial 
noise, night time neighbourhood noise). 
 
An issue that needs to be explored through further research is if there are unique factors 
(acoustic and non-acoustic) that are applicable to the different categories of neighbourhood 
noise.  
 
Examples of existing guideline values for some sources were presented for England. 
 
Industrial Noise 

• Assessing likelihood of complaints from industrial noise 
• Uses a ‘relative guideline’ 
• Noise is measured or calculated (LAeq, T), corrections applied (impulsiveness, tonality, 

irregularity, time of day etc.) and compared with background noise level (LA90,T) 
• Applies to day and night (but BS4142 method further weights night noise by use of 

shorter reference T period) 
• Note ‘night’ is decided locally but ‘is intended to cover the times when the general adult 

population are preparing for sleep or are actually sleeping’. 
 
Noise Act 1996 “Neighbourhood Noise” 

• Specific for night (defined as 2300 - 0700) 
• Uses a ‘relative guideline’ 
• Where the underlying level of noise does not exceed 25dB, the permitted level shall be 

35dB 
• Where the underlying level of noise exceeds 25dB, the permitted level shall be 10dB in 

excess of the underlying level 
• noise source measured as LAeq, 5min 
• underlying level - level not exceeded for 0.6s in 5mins (e.g. LA99.8, 5min or LA99, 1min) 

 
One very interesting fact is, based on two national noise surveys undertaken in 1990 and 2000 
and involving over 1,000 measurements each, that environmental noise during the night is 
increasing whilst noise during the daytime is very slightly decreasing. If this trend continues then 
it would result in the same levels for night and day (currently there is a marked decrease at 
00:00 but the noise just goes up again around 04:00 until reaching a peak at 08:00).  
 
Discussion  
 
The noise of neighbours is increasing, it is one main cause of complaints and dispute among 
communities, establishing guidelines will not provide a solution to all problems. There are a lot of 
non acoustical factors; the situation has to be seen case by case. Listing the noisy activities that 
should be banned at night (vacuum cleaning, having the television or the stereo at a high 
sound,…) and giving good practice recommendations is one possible approach. 
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Conclusions 
 

1. In many countries there are indications that noise during the night period is increasing 
practically to the same level as during day (examples of Austria and England). The night 
period when the noise levels are low is becoming very short (3 to 4 hours). 

 
2. When there are significant risks of damage to the public health, WHO should be 

prepared to provide guidance in order to allow authorities to take action to diminish those 
risks, even when the scientific knowledge is not conclusive. 

 
3. The existing WHO guidelines are always based in experts best judgements. The 

consensus and advice of this group is one of the crucial elements of the final document. 
 

4. Annoyance should be seen as a short term response to noise exposure, long term 
annoyance leads to ill health (higher susceptibility to disease). 

 
5. Some short-term health effects when occurring on a long period of time may become 

chronic. In other words, there is no habituation, even after a long exposure time.  
 

6. It seems plausible that night time noise has an effect on mental health. The links need to 
be further evaluated. 

 
7. Noise sensitivity can be related to anxiety; anxious persons are more sensitive and have 

less capacity to adapt to a situation. A person already suffering from mental health 
problems (as anxiety, depression or paranoia) will be more vulnerable to noise than a 
healthy one.  

 
8. Night time intermittent noise has worse health effects on sleep than continuous noise 

covering the same energy over the exposure period.  
 

9. Guidelines should be recommended for hospitals, particularly at intensive care units. 
 

10. Fatigue, drowsiness and excessive daytime sleepiness need to be more studied. As well 
the way and are associated with accidents (identification of a causal link).  

 
11. More studies looking into associations, and if possible links, between children’s 

accidents, aggressiveness, and hostility and noise should be carried.  
 

12. WHO should organize a new meeting of experts in chronic insomnia covering in detail its 
causes and health effects.  

 
13. Cortisol excretion during the night and its effects should be better evaluated. A review 

covering the knowledge and the existing evidence of cortisol excretion should be 
included on the guidelines.  

 
14. The internationally agreed WHO metric DALY, should be used to assess the severity of 

health impact and to support guidelines each time possible. 
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15. when studies concentrating on the night period are missing, extrapolations from 
exposure during daytime can be made. 

 
16. In case of gaps in knowledge guideline values can be established in order to give the 

same protection as existing guideline values in other environmental fields (water, air,…). 
The evidence should be systematically assessed for validity and strength. 

 
17. Population more at risk to night noise are: 

Children: 
Low birthweight 
Small for gestational age babies 
Preterm birth 
Dyslexia and hyperactivity 
 

Adults: 
sensitive subjects (anxious and with neurotic tendencies); 
individuals with pre-conditioned lighter sleep (women during pregnancy and 
perimenopausal period, elderly people and shift workers); 
patients in intensive care units; 
residents and disabled persons in nursing homes. 

 

Main gaps in Knowledge at this stage 
 

1. The role of stress hormones on the autonomic and cognitive functions need to be better 
evaluated, especially excretion of Cortisol during the night.  

 
2. Causes and health effects of insomnia should be evaluated and described in detail. 

 

Guideline development – a possible way forward 
 
The guideline development will be fundamented on establishing values that prevent the 
occurrence of harmful health effects. At this stage the plausible health effects, either direct or 
indirect, of exposure to noise during the night can be listed. For some effects solid evidence 
exists and noise thresholds values can be defined, for others a protective threshold can be 
established. For the effects for which solid evidence is missing an approximate approach based 
on day time findings, supported by animal studies, and based on the precautionary principle, if 
needed, will be used. 
 
For children the guidelines values will the ones ensuring a healthy sleep. For the time being 
(based on Professor Bruni’s paper) this can be the lower level of noise for which studies 
demonstrate a clear and significant disturbance of the sleep of the children. A more in depth 
discussion needs to be carried, especially on the health impacts on children of a disturbed sleep 
on a long term basis.  
 
For adults the effects to be considered are sleep disturbance and its associated effects, 
cardiovascular effects, the possible mental health effects, especially among the population 
already suffering from a poor mental health.  
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The metric to be adopted should consider the average background noise level that does not 
provoke adverse effects and will have to allow evaluating the number of on arousals and 
awakenings. 
 

Follow up work 
In the plenary session on the last day of the meeting, the group established and agreed to have 
the third meeting on the 26th, 27th of April 2005 in Portugal. The table of contents (annex 1) and 
the authors of each chapter have been updated. The partners will review and finalize their 
papers according to the comments made during the present meeting and the final version will be 
discussed on the next meeting. 
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 Annex 1 – Table of contents  
 
I - Introduction 
 
II - Noise sources, measurements, uncertainty 

Professor Beaumont; Dr Kephalopoulos; Professor Lercher; Professor Levy; Dr  
Licitra  

 
II1. Rationale for regulations of night noise exposure 
Trends in night noise exposure? 
Spread of night noise to previous quiet and/or sensitive areas? 
Recent results of sleep research 
Increase of number of people? 
The open doors of the Environmental Noise Directive  

 
II2. The existing noise metrics for characterization of night time noise exposure 
 
Directive 2002/49/EC 
Other metrics 
Qualities needed for best description of night noise exposure with regard to human 
health effects 
Noise metrics used in short-term health effect studies 
Noise metrics used in long-term health effect studies 
 
II3. The existing information in night noise exposure across Europe 
Types of night noise exposure 
Continuous noise exposure 
Intermittent noise exposure 
Other forms of noise exposure 
Types of night noise used in short-term human health effect studies 
Types of night noise used in long-term human health effect studies 
The uncertainty in estimating the various exposure types 
Difference between most and least exposed façade  
Measurement approaches 
The quiet backyard? 
Uncertainty involved in estimating different façade exposures 
 
Indoor versus outdoor night noise exposure 
Measurement of indoor night exposure 
Comparisons across Europe 
The uncertainty in estimating the actual night exposure at the ear of the sleeper 
 
Night noise in special areas 
Sensitive areas 
Definition of sensitive areas 
Noise characterization in sensitive areas 
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Quiet areas 
Definition of quiet areas 
 
Overall uncertainty in noise exposure assessment 
Sensitivity to accuracy in input data 
Sensitivity to choice of calculation points 
Sensitivity to choice of noise metrics 
 
Transfer of uncertainty in exposure assessment to uncertainty of effect assessment 
Uncertainty due to inaccuracy in measurement data 
Uncertainty due to inaccuracy in calculation points 
Uncertainty due to the use of inaccurate noise metrics 
 
II4. The protection methods against noise  
Behaviour of populations during night time 
The impact of insulation programmes  
Existing guidelines 
Short description of the various situations across countries 
The limits of current legislation 
 
Current legislation 
Short description of the various situations across countries 
The limits of current legislation 
 
The need for harmonization of protection of nights against noise exposure across 
Europe 
 
II5. Proposal for night noise exposure measurement  
In short-term studies 
In long-term studies 
In noise mapping, SEA and EHIA 
In sensitive areas 
In quiet areas 
 
References 
Appendix 
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III - Sleep, stress model 
 

III1. – Sleep  
Dr. Leja Dolenc Groselj 
 

I.2.1 Sleep characteristics  
Sleep latency 
Number and duration of nocturnal arousals in a “normal sleep” 
according to age 
The total sleep time 
Rhythms of particular sleep stages such as slow wave sleep (SWS, 
or stages 3 and 4); 
Rapid Eye Movement sleep (REM sleep), together with 
modifications in the autonomic functions (heart rate, blood pressure, 
vasoconstriction and respiratory rate); 
Results of laboratory studies of repetitive nights of sleep disruption 
among one week or one month. 
Self-reported sleep 
 
 

I-2.2 – Characterizing a disturbed sleep  
Maximum number of arousals 
Awakenings 

Others  
 

I-2.3 - Insomnia 
 

III-2- Stress model – hormones secretion  
Dr Maschke 

 
III- 3. Short term Instantaneous effects (sleep and non sleep related) 
Dr Miedema, Prof Muzet 
 

Lengthening the time to fall asleep 
Awakenings from sleep 
Too early wake up timeArousals 
Sleep stage changesReduction in time spent in specific sleep stagesSlow 
wave sleepREM sleepSleep quality  
Hormonal responses 
Autonomic responses 
Change in heart rate 
Vasoconstriction 
Short-lasting increase in blood pressure 
Change in respiratory rate 

 
Differences between “laboratory” and “field” results? 
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IV – Health effects 
 

IV1. Long term effects (sleep related) (insomnia model)  
Professor Nevismalova 
 
Introduction  
Long term noise-exposure induced sleep disturbances and their associated health 
effects 
 
Animal models 
Influence of broad-band noise and intermittent broad-band noise on synchronous 
(NREM) and paradoxical (REM sleep) 
 
Clinical studies of deteriorated sleep quality: 
Nocturnal sleep architecture (poor sleep efficacy, increased sleep latency, decreased 
total sleep time, decreased total REM time and NREM time, decreased % of slow-
wave sleep)   
Changes in nocturnal sleep microstructure (amount of spindles, K-complexes, cyclic 
alternating patterns) 
 
Medium and long term effects of sleep disturbances on health of children and adults 
Stressors, neurobehavioral data and functional neuroimaging  
Signals mediated by subcortical area (the amygdala) and the role of stress hormones 
in sleep disturbances 
Sleep, sleep restriction, environmental stressors and health consequences 
Health consequences of insufficient sleep 
Noise-related sleep disorders in children and adults and their behavioral, medical 
and social consequences including risk of morbidity and mortality  
 
Conclusions and recommendations 

 
IV2. Mental health 
Dr Stansfeld, Dr Skalski 
 
Introduction 
Transportation Noise and Mental health 

Road Traffic Noise 
Acute effects 
Chronic effects 
Aircraft Noise 
Acute effects 
Chronic effects 

Neighbourhood noise and mental health 
Mechanisms for causal links between noise and mental health 
Habituation to noise and mental health 
Risk groups for mental health effects of noise 
Population groups at risk for mental health effects from noise 
Noise Sensitivity 
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Sleep disturbance and mental health 
Conclusion 

 
IV3. Cardio-vascular effects 
Dr Babisch 
 
Cardiovascular effects, Hypertension  

Prevalence or incidence of angina pectoris,  
ECG ischaemia,  
myocardial infarction  
hypertension. 

 
Effect modifiers,  
Gender differences  
Day/night differences. 
Risk groups  
 
IV4. Cognitive impairment  
Professor Hygge, Professor Stansfeld 
 
Psychomotor performance 
Attention – primary memory 
Semantic memory – reading – language development 
Episodic memory 
Problem solving 
Motivation 
Accidents 
Risk groups  

 
IV5. Other health outcomes 
Dr Maschke, Dr Jovanovic 
 
Immune system 
Accidents  

 
 

V5 – Children sleep 
Professor O. Bruni 
 

 
 



 261

 
VI - Animal studies 
Professor Ising  
 

VI1. Types of Animal Studies – narrowing down the topic  
Prevention of noise induced health effects in animals 
Animal model for health effects of noise in humans 
Aural effects 
Extra aural effects  

 
VI2. Limiting aspects of animal models:   

no quantitative model 
no cortical interrelations 
but a model for qualitative study of patho-mechanisms 

 
VI3. Stress hormones in noise exposed animals 

Habituation and long term effects 
K.R. Henry’s model of  behavioural stress effects 
Adrenaline – response to unknown noise stimuli 
Noradrenaline – model of human work noise 
Cortisol – response to extremely loud noise (low altitude fighter plane) 

 
VI4. Long term health effects of noise induced stress hormone increases. 

Embryotoxic effects 
Electrolytes: Ca/Mg – shift 

Connective tissue proliferation in the myocardium 
Defects in micro-circulation 
Hypertension 
Life span 

 
VI5. Direct effects of intensive noise  

Vibro-acoustic disease 
Respiratory system 
Gastro-intestinal system 

 
VI6. What can we learn from animal studies about noise effects in humans? 
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Mitigation measures 
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IX - Guidelines derivation 
Dr Van de Berg,  

Methodology aspects  
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Dr Muller-Wenk, Dr Houthuijs (?) 
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XII - Guidelines proposal 
Values for road, rail, aircraft, combined. 
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Background  
 
The WHO European Centre for Environment and Health - Bonn Office and 17 partners started in 
June 2004 the implementation of a project, co-financed by the European Commission aiming at 
deriving night time noise guidelines (NNGL). For more information on the project please consult 
http://www.euro.who.int/Noise/activities/20040721_1.  
 
WHO convened the first project meeting in Bonn on the 7th and 8th of June 2004. The project 
partners, experts and national government officers met to define the work plan and discuss the 
organizational issues. They also allocated responsibilities, looked at the timetable, team 
coordination, the logistical aspects and finance. 
 
On the 6th and 7th of December the project’s second meeting was held in Geneva with the 
support of the Swiss Agency for the Environment, Forests and Landscape (SAEFL). Technical 
discussions have taken place on central issues like exposure assessment, metrics, health 
effects, guideline set-up. The partners have presented the first drafts of their papers for the 
different themes and detailed discussion took place for each one of them.  
 
On the 26th, 27th and 28th of April 2005 the project’s third meeting was held in Lisbon in the 
premises of the Portuguese General Directorate of Health (DGS). This meeting reviewed and 
discussed the final version of the background papers and the way forward.  
 
In addition a discussion took place during this meeting on the “Aircraft noise and health” 
document that WHO is producing. The group of experts were consulted on the document’ 
scientific background, if it does a correct interpretation of the science, on the rationale leading to 
the recommendations and on the clarity of presentation for non-scientific audience. The minutes 
of this discussion are on annex 1.  
 

Summary of the meeting 
 
Dr Francisco Jorge, Deputy Director General of DGS opened the meeting. He welcomed the 
participants to the Directorate and Lisbon and made votes for a successful meeting.  
 
Mr Xavier Bonnefoy made the meeting introduction by summarizing the project development and 
presenting what is planned for the future. The project is planned to end in June 2006. At this 
stage the exposure and metrics are the weak parts, group one has send a paper but it is rather 
incomplete.  
 

Presentations  
Mr Van den Berg – methodological aspects  

 
Methodology aspects for deriving the guideline values was the topic of this presentation. Mr Van 
den Berg updated and completed the presentation he had already made to the group during the 
second meeting (in Geneva).  
 
The following procedure can be envisaged to derive the guideline values: 
1. Collection of relevant literature 
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2. Evaluation of data in terms of strength of evidence 
3. Evaluation of data in terms of biological effects, health & wellbeing 
4. Ranking of guideline values 
 
This procedure is already used in other guideline documents, but for noise the steps have to be 
more explicitly formalised because sound is an essential environmental aspect, which makes the 
use of a no-effect level (NOEL) not useful. The use of No Observed Adverse Effect Level 
(NOAEL) would be more appropriate. 
 
A case study of the night regulations in the Amsterdam airport was presented. In 1994 a legal 
requirement of LAeq, 7 hours, inside of 26 dB(A) (approximately Lnight 49 dB(A)) was 
established. In addition, in 1995 the airport development authorities had to create the necessary 
conditions for not having more than 39 000 people with their sleep disturbed. For achieving 
these two goals night flights restrictions were put into place. Afterwards a study on the health 
effects of sleep disturbance was carried out. This study shown that there were 130 000 people 
having their sleep seriously disturbed by noise, therefore several measures were studied to 
reduce this number: a night quota, a quieter fleet, quiet approach procedures, land use planning, 
insulation and public awareness campaigns. After applying these measures the number of 
people with sleep disturbance was reduced by 18% and the airport turnover reduced by 1%. 
 
In this case study, the threshold values were considered very important for assessing the effects 
and defining the areas of interest, and the dose-effect relationships important for estimating the 
impact. The DALY methodology was also considered very useful for proving the case.  
 
Discussion 
 
A wide discussion on general points to be considered in the guidelines final document was 
carried out after this presentation.  
 
Regarding the metrics, at least for aircraft, the group stressed that a guideline value expressed 
in LAmax will have to be complementary to the Lnight! Even a very low number of flights during 
the night can disturb the sleep of a large number of people. The number of events is of extreme 
importance. This is important especially on what regards awakenings. For road and trains, 
because they are a more continuous source, a threshold in Lnight can be applied.  
 
The guidelines document should also have an educative role – what are the effects, how can 
they be estimated, what can the decision makers do – these would be very valuable elements. 
Even if the group should concentrate on the ideal situation in terms of noise levels, simply 
ignoring the political scene will not have a positive result, only providing a number is politically 
naïve and may have as a consequence that the guidelines will never be put into place. A 
consequently and responsible analysis of the feasibility would avoid extreme criticism and a 
rejection from member states. The DALY approach will be important for this specific point; the 
politicians will be able to make comparisons between pollutants and will be able to decide on 
which measures to implement first. 
 
Even with no consensus on how to deal with the point mentioned above the group agreed that, 
whenever possible, the necessary measures to implement the suggested guideline values 
should be described.  
 
Professor Peter Lercher - Noise management philosophies  
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The Alpine valley case study was presented in detail. The measures were performed 
approximately 1000 meters from the highway, 800 meters from the main road and 400 meters 
from the train track. Measures were made every six to eight minutes. Different indicators were 
used and the results differ considerably.  
 
Professor Lercher proposed a meeting in September with the experts from group 1 for finalising 
the chapter on metrics and exposure. This meeting will discuss how to consider quiet areas, how 
to measure the different sources and combined sources. At this stage it is predicted that Lnight 
will be the metric to use but LAmax and the number of events will have also to be considered. 
The 10 dB of penalty will be also discussed on this meeting. 
 
Discussion 
 
The main questions around this theme are: 

- should the guidelines have source specific indicators? 
- should only the acoustical side be considered or also the time of the night (with short 

LAeq and night distribution)? 
 

New data from trains have shown differences with data from motorways – one train event does 
not have the same distribution as a truck passing by for example.  
No question on the fact that the indicators should be health oriented. LAmax and number of 
events should, when possible, be described, although for road traffic noise it is almost 
impossible to count the number of events. 
 
A consultation of the decision makers took place in Canada, they said that they want few metrics 
and easy to communicate – Lnight and Laeq. The night events were also considered important 
to consider, particularly in the shoulder hours.  
 
Seeing the difficulty to reach an agreement a small meeting should be organized to discuss and 
agree on this guidelines chapter. This meeting will discuss which extra descriptors will be used 
with Lnight and how to deal with the different sources. 
 
Dr. Stylianos Kephalopoulos – uncertainty  

 
Dr Kephalopoulos made a brief presentation. He mentioned the importance of doing a risk 
assessment for noise, based on existing data. The uncertainty should be dealt at the exposure 
side, the health effects should be based in solid evidence not having uncertainty.  
 
Uncertainty exists mainly on estimating the number of people reporting annoyance and sleep 
disturbance based on surveys and/or outdoor measures. The guidelines values are important 
mainly indoor, therefore the aspects of insulation should be considered on the document.  
 
Whenever possible, the policy requirements should be addressed and recommendations made 
for developing future studies. WHO should recommend that they separate sources and assess 
the exposure-response relationships. Dr Kephalopoulos suggested that for each kind of health 
effect one metric should be established. 
 
The guidelines should advice on noise health impact assessment suggesting a harmonisation of 
studies – how to consider the sources, multi-sources, specific groups of population, etc. 
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Something about the economic aspects of noise impact and reduction should also be included, if 
possible with a forthcoming view.  
 
The participants suggested that these points are discussed in detail in the meeting of group 1. 
 
Dr Gaetano Licitra – exposure data 

 
Dr Licitra suggested that the group, on one hand uses the open doors of the END directive for 
proposing a metric that will complete the existing ones, but on the other hand, seen that the first 
maps (20% of the population) will be ready soon and, to use this data. The future maps will have 
a lot of information that can be used to identify the problems and support MS to identify the 
priorities in terms of noise pollution and apply the guidelines.  
 
Discussion 
 
Although the END directive is a crucial tool, and will support the guidelines document the group 
will concentrate on what is pertinent in terms of public health and find the best metrics to assess 
exposure.  
 
Dr Golenj – normal sleep, insomnia  

 
The aim of Dr Golenj’s contribution was to clarify what could be considered as a normal sleep 
and what is sleep disturbance caused by night-time noise exposure.  
 
Disturbed sleep is an important non-auditory effect of noise, defined as “one of those effects on 
health and well-being which are caused by exposure to noise, with the exclusion of effects on 
the hearing organ and the effects which are due to the masking of auditory information” 
(Stansfeld and Matheson, 2003). Noise is therefore an important environmental factor, which 
has a huge influence on physical, mental and social well being. 
 
The main effect of noise on sleep is the sudden awakening; the repetition of sudden awakenings 
throughout the night may lead to chronic sleep loss with its usual consequences such as chronic 
fatigue, sleepiness during daytime, and a global poor life quality. 
 
The definition of environmental sleep disorder and insomnia were provided. The symptoms of 
insomnia are similar to the ones experienced when having sleep disturbed by noise. The 
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) establishes the 
following diagnostic criteria for Primary Insomnia: a) the predominant complaint is difficulty 
initiating or maintaining sleep, or nonrestorative sleep, for at least 1 month, b) the sleep 
disturbance (or associated daytime fatigue) causes clinically significant distress or impairment in 
social, occupational, or other important areas of functioning, c) the sleep disturbance does not 
occur exclusively during the course of Narcolepsy, Breathing-Related Sleep Disorder, Circadian 
Rhythm Sleep Disorder, or a Parasomnia, d) the disturbance does not occur exclusively during 
the course of another mental disorder (e.g., Major Depressive Disorder, Generalized Anxiety 
Disorder, a Delirium) and e) the disturbance is not due to the direct physiological effects of a 
substance (e.g., a drug of abuse, a medication) or a general medical condition. 
 
Excessive daytime sleepiness is a consequence of disturbed night sleep and can be objectively 
assessed providing an objective quantification of “sleepiness”. There are significant effects of 
noise-induced sleep disturbance. A suitable noise descriptor should be used, having maximum 

http://www.behavenet.com/capsules/disorders/narcolepsy.htm
http://www.behavenet.com/capsules/disorders/brsleepd.htm
http://www.behavenet.com/capsules/disorders/crsleepd.htm
http://www.behavenet.com/capsules/disorders/crsleepd.htm
http://www.behavenet.com/capsules/disorders/parasomnias.htm
http://www.behavenet.com/capsules/disorders/mntldsrdr.htm
http://www.behavenet.com/capsules/disorders/mjrdepd.htm
http://www.behavenet.com/capsules/disorders/gad.htm
http://www.behavenet.com/capsules/disorders/gad.htm
http://www.behavenet.com/capsules/disorders/delirium.htm
http://www.behavenet.com/capsules/treatments/drugs/drug.htm
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noise levels and a maximum number of noise events. Changes of sleep quality and quantity 
appear at levels above 35 dBA. 
 
The American Sleep Disorders Association (ASDA) devised a scoring system, taking sequences 
of 3-15 seconds into account for transient arousals which are not transferred to macroscopic 
behavioural awakening. An arousal index providing the arousal density (events/hour of sleep) 
was taken as a measure of the degree of severeness. 10-20 arousals/hour are considered as 
normal in the healthy adults. However, the use of EEG arousals with the ADSA definition 
provides no sufficient explanation of daytime sleepiness (Pitson and Stradling 1998, Ayas et al 
2001) unless they are accompanied by vegetative arousals.  
 
Regarding noise, different vigilance level assessment in various functional systems are 
important. Koella (1988) proposed investigations of vegetative, motoric, sensoric functions 
independently of each other. One of the possible factors indicating disturbed sleep is a 
vegetative arousal index. A vegetative arousal index of more than 30/h is certainly considered as 
serious, more than 20/h as intermediate and more than 10 as light forms of sleep disorder.  
 
Discussion 
 
Arousals are normal during a healthy sleep. 10 to 20 arousals per hour are considered normal in 
an adult, simply the analysis of arousals is not sufficient. Arousals are activated by the central 
nervous system and are very important for sleep processing; the problem happens when they 
are provoked by external factors and abnormally increased. Conscious awakenings are 
completely different. Per night one or two occur, that can be followed by 10 to 20 minutes going 
back to sleep. 
 
There is also a noteworthy age effect related to this “normality”. The best way forward could be 
to talk about sleep quality and subjective sleep quality. Knowledge of the sleep duration is also 
important. 
 
There is still a problem among different sleep laboratories because the standards are different. 
Nowadays technology is easier transportable, therefore the results between field and laboratory 
studies are merging. 
 
Professor Alain Muzet – Short-term effects of transportation noise on sleep with 
specific attention to mechanisms and possible health impact 

 
The following presentation by Professor Alain Muzet is based on a common (draft) paper by Dr 
Henk Miedema (who had to excuse for not being able to attend the meeting) and Professor Alain 
Muzet. He made a brief overview of the characteristics of normal sleep and of the mechanisms 
through which noise affects sleep. Afterwards the findings for EEG response, cardiovascular 
response, body movement, and conscious awakening were presented.  
 
Noise may cause the following short-term effects on the sleep structure: delay of sleep onset, 
awakenings, sleep stage changes, electroencephalographic arousals, global modifications in 
temporal organisation of sleep stages, total time spent in different sleep stages, and premature 
final awakening. In addition to these effects, other short-term effects caused by noise are 
modifications in the autonomic functions (heart rate, blood pressure, vasoconstriction and 
respiratory rate) and body movements (manifestations of noise-induced arousal during sleep).  
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Limited arousal reactions without further consequences for sleep can be observed at low noise 
intensity. Indications of limited arousal are changes in the EEG pattern for a few seconds 
(disappearance of slow waves or sleep spindles, occurrence of alpha and/or fast EEG waves) 
together with autonomic signs of activation (increased heart rate for a few seconds, peripheral 
vasoconstriction). At a higher level, the arousal reaction may be accompanied by sleep stage 
changes most often associated with EEG and EMG artefacts due to body movements of the 
sleeper. High arousal can cause a sudden transition from sleep to wake. 
 
The relations between motility and conscious awakening imply that motility is sensitive to noise 
and has a relatively low threshold, while conscious awakening (the strongest instantaneous 
interference of noise with sleep) has the highest threshold of the instantaneous effects 
considered.  
 
In one of the most sophisticated field studies (Passchier-Vermeer et al (2002)), increased 
probability of instantaneous motility was found for events with a maximum sound level LAmax ≥ 
32 dB(A), while in a meta-analysis conscious awakening was found for events with LAmax ≥ 42 
dB(A) (Passchier-Vermeer, 2003). Above their threshold, these effects were found to increase 
monotonously as a function of the maximum sound level during a noise event (aircraft noise). It 
is important to note that in another recent sophisticated field study (Basner et al., 2004), the 
threshold found for EEG awakening was LAmax = 35 dB(A), i.e., only a little higher than the 32 
dB(A) found for noise-induced awakenings. This strengthens the evidence that noise starts to 
induce arousals at LAmax values in the range 30 – 35 (A).  
 
When deriving a health based limit the dose-dependent effects of a single noise event needs to 
be considered. With respect to the dose-dependent effects of a single event, adverse effects can 
be distinguished from effects that by themselves need not be adverse but can contribute to an 
adverse state. According to this, it was proposed to classify conscious awakenings by noise as 
an adverse effect during sleep. Conscious awakenings have been estimated to occur at a 
baseline rate of 1.8 awakening per night, so that an additional noise induced awakening means 
on the average a substantial increment of conscious awakening. Since in general falling asleep 
after conscious awakening takes some time, and this latency is longer after noise induced 
conscious awakening that will often also induce an emotional reaction (anger, fear), it will also 
reduce the time asleep and may affect mood and functioning next day. LAmax = 42 dB(A) was 
proposed as the currently best estimate of the threshold for conscious awakening by 
transportation noise. This would mean that the No Observed Adverse Effect Level 
(NOAELAmax) for transportation noise events is at most 42 dB(A). 
 
The most sensitive instantaneous effect that has been studied extensively in field studies is 
motility. A single interval with (onset of) noise induced motility by itself cannot be considered to 
be adverse. However, noise induced motility is a sign of arousal, and frequent micro-arousal and 
accompanying sleep fragmentation can affect mood and functioning next day and lead to a lower 
rating of the sleep quality. Therefore, motility is relevant for adverse health effects, but more than 
a few intervals with noise induced motility are needed for inducing such effects. Although 
additional, more sophisticated analyses could be performed to refine this estimate. LAmax = 32 
dB(A) was proposed as the currently best estimate of the threshold for motility induced by 
transportation noise. It is important to note that the above given NOEL LAmax ≤ 32 dB(A) and 
NOAEL LAmax ≤ 42 dB(A) are indoor levels, in the sleeping room.  
 
The following groups may be hypothesized to be more vulnerable to noise during sleep: old 
people, ill people, people with chronic insomnia, shift workers and people resting during daytime, 
people with tendency to depression, light sleepers, pregnant women, people with high anxiety 
and high stress levels. Furthermore, children need special attention because of their relatively 
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high exposure during sleep, and because they are in a crucial phase for neurocognitive 
development during which having an undisturbed sleep may be particularly important.  
 
Discussion 
The German sleep association claims that even when a person does not recall being awake 
there are possible adverse consequences. Conscious awakenings are the extreme event, for 
example sleep apnoea patients do not complain about their sleep and their sleep is not efficient. 
The noise level necessary for provoking an awakening also depends on the sleep stage a 
person is in. 
 
What we are missing as well is the hormones secretion during sleep. There is still a big gap on 
knowledge on this matter – although some evidence exists for road traffic.  
 
Lnight of 42 dB(A) and LAmax ≤ 32 dB(A) indoor are the NOAEL (for “normal and healthy” 
sleepers. Can also a number of events be associated with these figures? 
 
Dr Sona Nevismalova - Long term noise-induced health risk mediated particularly by 
sleep disturbances 

 
The aim of this presentation was to describe the possible long-term consequences of sleep 
disturbances evoked by noise as the main environmental stressor. Insufficient nocturnal sleep 
and sleep restriction give rise to behavioural and cognitive impairment, even neurological and 
other medical problems, and reflect negatively on the affected subjects´ quality of life. 
 
Dr Nevismalova updated her paper according with the second meeting and has proposed some 
noise levels for avoid sleep disturbance by noise.  
 
Critical health effects can appear when maximum average nocturnal energy level inside 
bedrooms exceeds Leq 30 dB(A) and outside bedrooms Leq 45 dB(A) and in the presence of a 
limited number of events per hour with an energy exceeding the baseline level of LA max. 45 
dB(A) level (inside bedrooms) and/or 60 dB(A) outside bedrooms. The peak level of 60 dB(A) 
inside bedrooms and/or 75 dB(A) outside bedrooms should never be exceeded in any case.  
 
Apart from those for the healthy population, norms should be devised and strictly adhered to in 
hospitals, particularly at intensive care units. 
 
Professor Stephen Stansfeld, Dr Michal Skalski – night noise and mental 
health  
 
Professor Stansfeld completed and updated the background paper himself and Dr Skalski 
produced for the second meeting. Noise exposure at night may be more disturbing than daytime 
noise because it interferes with rest and sleep at a time when people want to relax. It seems 
plausible that night time noise might have a particular effect on mental health. However, there is 
little direct research on night time noise and mental health and it is first necessary to consider 
the evidence for environmental noise and mental health in general. 
 
At the present time, exposure-effect associations have not been established between 
parameters of sleep disturbance (number of behavioural awakenings, body movements or EEG 
awakenings) and the onset of depressive and anxiety disorders although there is some evidence 
that insomnia is a risk factor for developing depression (Riemann et al, 2001; Roberts et al, 
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2002). A number of longitudinal prospective studies in different age groups have found 
associations between self reports of insomnia and the subsequent onset of psychiatric disorder, 
in particular major depression. 
 
The evidence is not strong for the association between noise exposure and mental ill-health. The 
existing evidence suggests that noise exposure may be responsible for psychological symptoms 
above 70 dBA Leq. Almost all studies have only examined the effects of day time noise on 
mental health, but it is possible that night time noise, during sleep time, may have effects on 
mental health at lower levels than day time noise.  
 
The most powerful evidence of noise on mental health comes from studies of military aircraft 
noise. There is also some evidence that intense road traffic noise may lead to psychological 
symptoms. There is no evidence of any effects of railway noise on mental health. 
 
Discussion 
 
A person’s house is a place where to feel secure from outside aggressors. Noise has an 
intrusive character and might provoke anxiety. Being able to control it is of crucial importance in 
terms of mental health effects. The level of anxiety that it can provoke depends on the individual 
coping with the noise.  
 
There is a genuine lack of evidence. Insomnia predicts all kind of health effects therefore it is 
very difficult to use it as a proxy. There is not enough knowledge of what happens before 
(depression or insomnia). 
 
Dr Wolfgang Babisch - Health effects related to stress mechanisms - 
Cardiovascular effects 
 
Dr Babisch, likewise other partners, also updated his background paper for this meeting. He 
presented the comprehensive meta-analysis we carried out and added guideline values for the 
CVD effects. 
 
Sufficient evidence exists for an association between community noise and ischaemic heart 
diseases; limited/sufficient evidence exists for an association between community noise and 
hypertension; Most information comes from road traffic noise studies but there is normally little 
information regarding night noise, in particular. But night time values can be extrapolated from 
day time results.  
 
Below 60 dB(A) for Lday there is no noticeable increase in MI risk to be detected. Therefore for 
the time-being, Lday = 60 dB(A) can be set as the NOAEL (“no observed adverse effect level”) 
for road traffic noise and myocardial infarction (Babisch, 2002). For noise levels greater than 60 
dB(A), the MI risk increases continuously, and is greater than 1.2 for noise levels of 70 dB(A).  
 
 
Discussion 
 
Normally CVD effects manifest after 10 years living in a noisy area.  
 
There was a question whether the results from daytime could be translated to night time. If a 
person reacts the same way while sleeping, and the answer was yes. In the Spandau study the 
results are not so different. 
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However, sleeping a person reacts to lower levels, therefore the 10 dB from the Lnight was 
established to consider it, although the sleep labs consider 10 to 15 dB difference. There is also 
literature showing that even if the noise was 15 dB lower the person reacted 2 times more! 
When a person is asleep he/she don’t cope with the noise.  
 
The aspect of measuring at the façade and having the bedrooms in the back of the dwelling was 
raised. If we are analysing day time effects the fact that people may sleep in the back has to be 
considered. Dr Babisch clarified that these studies have a conservative approach considering 
only the lower exposure side of the dwellings with control groups that don’t have noise, during 
the day and during the night, so what can happen is a underestimation and not the other way 
around.  
 
Significant results for hypertension and military aircraft were found in Japanese and German 
(Ising) studies, but, for example, on the German study there were no night flights. Maybe it 
would be possible to find if night flights can be extrapolated from the Okinawa study. This would 
be important to establish a number of events. 
 
Professor Staffan Hygge - Night noise and cognitive impairment  

 
The relationships between night time levels and cognitive performance mediated by reduced 
sleep quality were analysed. Professor Hygge concentrated on night time levels, children and 
adults differences, and on the role of restoration. The results of the Munich study and RANCH 
(by Professor Stansfeld) were presented. 
 
On the Munich study there were errors in reading that were significantly reduced after the airport 
closure. On the other hand the errors increased in the school close to the new airport. But there 
does not seem to be any effect of night time noise exposure on children's self reported sleep 
quality, in spite of a substantial average shift in combined day-night noise level in the exposed 
group at the old and new airports.  
 
Unfortunately there is no information on night noise levels. It is not known exactly how much 
aircraft night noise there was at the two airports, only that the airport operated further into the 
night. Considering the sleeping hours for children aged 9-12 years, there should have been 
some early night noise level difference between groups. However this did not show up as loss of 
sleep quality, neither for the children, nor for their parents. 
 
The RANCH study focused on noise at schools during the day and relationships were found for 
reading, episodic memory and increased noise.  
 
In the United Kingdom, 842 children were surveyed from 23:00 to 7:00 with a noise level of 53 
dB(A) in day, 42.9 dB(A) night. As results night time aircraft exposure showed no additional 
impact on reading and recognition memory beyond the effects of daytime noise exposure. 
 
It has to be strongly acknowledged, though, that neither the Munich nor the RANCH studies 
were designed to assess the impact of night noise on cognitive functions. There is only a survey 
question on the self assessed sleep quality, and it is known that this is not the best way to 
assess sleep quality.  
 
Discussion 
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On both studies presented we don’t know how the children slept, therefore is it difficult to derive 
any conclusions. The results are not enough to make conclusions neither it has or it does not 
have an effect.  
 
It is also a known fact that people living close to an airport quite often misevaluated their sleep 
quality. 
 
Children do not wake up as easily as adults, they seem to have a protective “system” that 
protects their sleep, but there is a strong reactivity to noise and there are effects occurring at the 
autonomic functions.  
 
Dr Snenaza Yovanovic – Children accidents 

 
From the existing sleep literature it can be concluded that children with disturbed sleep present 
cognitive dysfunction and behavioural disturbances, abnormal growth hormone release, increase 
of diastolic blood pressure, increased risk of accidents and use of sleeping pills. 
 
According to a study (Menchini et al. 1985) childhood accidents occur more frequently during the 
spring and the summer. Falls, cuts and laceration, unintentional ingestion, pedestrian injuries, 
burns and scalds, choking episodes and animal related injuries are the most common types of 
injuries and also the most likely linked to sleep disturbance in young children. Results suggest 
that children with more frequent injuries had significantly more sleep problems. And that there is 
an increased prevalence of sleep disturbances in preschoolers with increased injury rates. 
 
Sleep disorders are often more mentioned by children than by their parents, likewise sleep 
disturbances by light and noise! 
 
Results of a study on sleep disturbance and injury risk in young children show that inadequate 
sleep duration and lack of daytime naps are transient exposures that may increase the risk of 
injury among children. Among children (boys particular) from 3 to 5 years of age, sleeping less 
than 10 hours a day was associated with an 86% increase in injury risk.  
 
Daytime sleepiness in children is often manifested by externalizing behaviours noted by parents 
or teachers such as increased activity levels, aggression, impulsivity, as well as by poor 
concentration, instantiation and moodiness (Fallone et al., 2002). 
 
Duration of sleep required to minimize injury risk in childhood is not simply quantified, because 
normative values for sleep duration vary across cultures. In a study with 40 000 children (11 to 
16 year old) from 11 countries, significant differences of average sleeping times between 
countries were found. Israeli children are the ones that sleep less time and Swiss sleep the 
longest (Tynjala et al. 1993). As an example, American infants in the 1990s slept 13 hours per 
day at age of 3 months, and Dutch babies slept 15 hours per day.  
 
Analysing attendance to school, data shows that accidents take place at school (25.6%) and at 
home (22.0%), and there is a statistically highly significant greater total accident rate in boys 
than in girls. The most frequent injuries happening at school are fractures and dislocation of 
joints, being the head injuries more common among school injuries compared with spare-time 
injuries. Most injuries occurred when children are in sport areas and 25% of all injuries were 
caused by other pupils by intentional violence. 
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Regarding sleep disturbance and accidents in adults data shows that 15 - 45% of all patients 
suffering from sleep apnea, 12 – 30% of all patients suffering from narkolepsie and 2 – 8% of all 
patients suffering from insomnia have at least one accident (in a life time) related to sleepiness 
(statistics from the Stanford Sleep Disorders Clinic). 
 
A very interesting analysis was carried by Leger et al showing the costs of road, work, home and 
public accidents and the estimation of this costs attributed to sleepiness – normally in all cases 
the attributed cost is very high (e.g motor vehicle accidents total costs are 70.2 MRD$ being the 
costs attributed to sleepiness 41,5% of this amount). 
 
Discussion 
 
The fact that people are sleepy because they decide not to sleep was raised. Can a 
differentiation be made between the ones that don’t want to sleep and the ones that are 
prevented from sleeping? This is very difficult to differentiate, of course, but we can have an 
attributable fraction of people being disturbed by noise and then extrapolate on the percentage 
of accidents being caused by it. 
 
Dr Christian Maschke - Effects of noise on the immune system 

 
The presentation of Dr Maschke concentrated on hormone secretion and its health signification. 
It is not a simple topic and the mechanisms have to be explained in detail.   
 
In the last 20 years psycho-neuro-immunology has developed into an independent discipline. 
Psycho-neuro-immunology deals with the interactions between the nervous, hormone, and 
immune systems. Stress, behavior, condition and sleep are the focus of research. Psycho-
neuro-immunology has expanded the knowledge of the hormonal system considerably. Until 
now, noise effect research has not kept pace with this development. 
 
The hormonal system is active in every single cell of a human being. The hormonal system 
contains the endocrine part that consists in secretion of hormones from special glands, each 
with a special function. The endocrine part includes the hypophysis as the control gland of the 
endocrine system, controlled by the hypothalamus by means of inhibiting or stimulating 
hormones and the thyroid, adrenal cortex, pancreas, parathyroid, gonads, epiphysis (pineal 
body) and the thymus, which also maintains the connection to the immune system. 
 
The adrenal medulla also represents an endocrine gland. However, it is controlled by the 
vegetative nervous system. 
 
The paracrine part of the hormone system consists of special cells which are distributed 
throughout the entire body. The hormones which are produced in these cells are described as 
tissue hormones. While the endocrine system is secreting the hormones into the blood, the 
paracrine hormones are passed on through inter-tissues and brought to the final destination. 
 
Nerve cells are also able to produce hormones (neurohormones and neurocrine part of the 
hormone system). Neurohormones can be secreted into the blood or taken to the synapse 
directly. 
 
The immune system is narrowly connected with the hormonal system. Certain hormones 
stimulate the receptors of the immune system and trigger immunologic effects.  
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Already from this short description it is obvious that the neuro-endocrine activity is much more 
complicated than was described by Hans Selye [1936]. Therefore, an isolated view of the so-
called stress hormones (catecholamine, cortisol) does not do always justice to neuroendocrine 
activity. 
 
To conclude, even if information is available on cortisol secretion when of a noisy event, it is not 
an easy task to assess its health significance. The most advanced studies on this field have 
never considered noise. Extrapolating a NOEL could be done, but its health significance is not 
possible to quantify at this stage. The hormones are not health significant alone.  
 
Discussion 
 
Even with limited knowledge on noise and hormones can some of the existing knowledge of 
hormone secretion be included on the guidelines? It is a difficult question, a normal level of 
cortisol, per se, does not mean anything, an abnormal cortisol level means that there is a 
deregulation but the literature does not say anything about its health meaning. There are only 
two studies on noise and cortisol, we need mores studies! Results from other existing studies 
are contradictory.  
 
If included on the guidelines this topic needs to be more detailed. The group proposed WHO to 
organize a small meeting for this topic exclusively. This meeting should deal with the available 
knowledge, existing evidence, identify gaps in knowledge and if possible and have a pedagogic 
character for noise experts and as reference for future studies.  
 
Professor Oliviero Bruni - How to take into account the specific needs of children. 
Children’s sleep 

 
Professor Bruni updated the paper he had prepared for the second meeting according with the 
meeting discussion. More precisely he had been requested to give the assumed criteria and 
explain in detail the table he had proposed on the Geneva meeting.  
 
For children, the guidelines values should be those ensuring a healthy sleep. For the time being, 
this can be the lowest level of noise for which studies demonstrate a clear and significant 
disturbance of sleep in children.  
 
The night period, when the noise levels suppose to be low, is becoming very short (3 to 4 hours). 
Recently, a traffic analysis in most Italian cities showed that noise limits are exceeded almost 
every night and, in percentage, more during night-time than during daytime. 
 
The CAP rate (mostly A1 index) shows a strict relationship with Growth Hormone (GH) secretion 
and with growth velocity. The effects of noise could act disrupting Slow Wave Sleep 
microstructure and therefore GH secretion.  
 
The Slow Wave Sleep (SWS ) and REM sleep play an important functions in children’s sleep. 
Having an undisturbed sleep during these stages is related to normal growth and learning. If the 
noise occurs during the 1° cycle of SWS when growth hormone is secreted, it could have more 
detrimental effects than during other phases and if it happened in adults.  
 
Although it should be taken into account that it is at present impossible to indicate whether 
children are possibly more sensitive than adults to night-time noise, it can be deduced that the 
effects of night-time noise during sleep in adults also apply to children. For the effects for which 
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solid evidence is missing we should use an approximate approach based on daytime findings 
and based on the precautionary principle.  
 
The metric to be adopted should consider the average background noise level that does not 
provoke any effect and should allow the evaluation of the number of arousals and awakenings. It 
is known that adults physiological responses appear at an LAeq in the bedroom of approximately 
40 dB(A) and behavioural awakening occurs when the bedroom Lmax exceeds 55 dB(A). Since 
the children autonomous nervous system is more activated by noise (acoustic stimuli of much 
lesser intensity 10 to 15 dB) when sleeping, it can be assumed that children are more sensitive 
also to the detrimental effects of noise exposure.  
 
All children (0-12) should be considered at risk, but especial attention should be paid to some 
specific groups such as low birth weight, small for gestational age babies, preterm infants, 
learning disorders, behavioural disturbances (i.e. hyperactivity) and sleep disordered children. 
 

Professor Hartmut Ising - Animal Studies 

 
The results of animal experiments, experiments on humans, and epidemiological studies show 
consistently that chronic exposure to environmental noise increases the risk of hypertension. 
 
According to a model, established by Professor Ising and Dr Kruppa, arousals precede 
endocrine reactions and appear within 1 second after a noise stimulus, hormones like 
catecholamines take several minutes, and cortisol about 10 minutes to be increased. This leads 
to the conclusion that noise exposure when it does not evoke arousals in sleeping persons will 
not induce adverse health effects.  
 
On a study with 68 children the excretion of cortisol was measured in the first and in the second 
half of the night during a period of 5 years (by their physicians). Night time exposure to road 
traffic noise was correlated to an increased cortisol excretion in the first half of the night and this 
increase was significantly correlated to an increased frequency of physician contacts (reporting 
bronchitis). 
 
Animal studies have shown that noise increases the Calcium and Magnesium accumulated on 
the cells, provoking a premature aging of the heart. Ageing is one of the biggest risk factors for 
heart attack and this effect of noise should not be underestimated.  
 
Long term exposure of children to the combination of traffic noise and air pollution aggravates 
respiratory diseases more than exposure to air pollution alone. 
 
Discussion 
The type of animals used should be described on the final document, because some types of 
mice don’t absorb magnesium.  
How can we translate these results to humans? The experiments described are with chronic 
noise exposure, which almost never happens in humans. This has to be accurately 
acknowledged.  
 
Mr Colin Grimwood - Neighbourhood Noise - guidelines 

 
Mr Grimwood presentation consisted of a series of very pertinent questions about the future 
guidelines document.  
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The first question was about the nature of the noise. Are the guidelines being defined by noise 
type ‘continuous noise’, and ‘intermittent noise events’ (like the existing WHO Guidelines) or by 
noise source (specific?/general?)? Transport noise , neighbour noise - noise produced by a 
person’s neighbours (and their pets), neighbourhood noise - all noise produced in the 
neighbourhood, but not noise from neighbours or noise from transportation ( i.e. includes 
entertainment, sport and leisure, industry, commercial premises, construction and demolition, 
roadworks, farming, agriculture ………), or even by effect(s) of noise? (sleep effects the only 
critical health effects at night?), or applied to specific environments? (adults’/ children’ / pre-
school bedrooms? Recommending use of time limits - times when neighbourhood noise can and 
can’t be made (or heard) e.g. no lawnmowers before 9am or after 9 pm, no fireworks after 
midnight)?: 
 
Establishing a threshold level for neighbourhood noise is an almost impossible task, should 
inaudibility be used as the no effect level for night time? Inaudibility is currently used as a 
guideline for night time entertainment noise in Scotland. At present the WHO 30 dBA guideline 
value is often cited in legal proceedings as a justification to continue making night time 
neighbourhood noise. Neighbourhood noise complaints are common at noise levels of 30 dBA. 
 
The other questions addressed were (and answer): 
 

1. Are existing laboratory and field (transport noise) research findings on dose/response, 
noise events and motility, habituation, sleep effects, effects of change in noise level, role 
of acoustic and non acoustic factors applicable to all the different types and sources of 
neighbourhood noise? Not sure  

 
2. Are there unique factors (acoustic and non-acoustic) that are applicable to the different 

types of neighbourhood noise? Yes! 
 

3. Do the following acoustic factors mean that it is not appropriate to derive guideline values 
for neighbourhood noise? 
• Sound pressure level 
• Loudness 
• Audibility 
• Spectral characteristics, low frequency content 
• Tonality 
• Impulsiveness 
• Irregularity 
• Intermittency 
• Unpredictability 
• Duration 
• Emergence over background 

 
4. And these also relevant non acoustic factors? 

• Time-of-day, season of year 
• Type of area 
• Attitudes to source 
• Information content 
• Neuroticism 
• Negative affectivity 
• Individual sensitivity to related pollutants 
• Expectation 
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• History of noise exposure 
• Employment or other connection with the noise source 
• Education 
• Home ownership, type of dwelling, length of residence …. 

 
5. Does the mentioned above facts mean that the existing body of noise research is not 

sufficient to allow specific authoritative guideline values to be derived for individual 
neighbourhood noise sources? Yes! 

 
Do these factors mean that it is not appropriate to derive guideline values for neighbourhood 
noise? Not sure! 

 
Or 

The use of a Guideline Value may be appropriate but only in circumstances where the 
acoustic and non acoustic features of the neighbourhood noise are not important? 

Or 
That the general research findings on sleep effects and noise are considered relevant to 
neighbourhood noise irrespective of the acoustic and non acoustic factors? 

Or 
That the general research findings on sleep effects and noise are considered relevant where 
the type of neighbourhood noise has similar features to transport noise (i.e. continuous or 
consists of a number of intermittent but similar events)? 

 
6. What should WHO NNG say about neighbourhood noise? 
• That the no effect level for many types of neighbourhood noise may be inaudibility? 

 
• That the no adverse effect level for some types of neighbourhood noise may be the same 

as that derived from transport noise studies particularly where the neighbourhood noise 
is continuous or consists of a number of intermittent but similar events? 

 
• That the no adverse effect level for many types of neighbourhood noise is probably lower 

than that derived from transport noise studies because of the special features of this type 
of noise? 

 
This very provocative presentation caused a lively discussion; most of them were also 
addressed at the plenary section and originated conclusions. 
 
Discussion 
 
Inaudibility can not be the guideline value, this would cause very strong reactions and it will be a 
value impossible to achieve. If WHO proposes this value it can originate adverse effects if taken 
out of the context and put in risk the credibility of the group.  
 
Neighbour and neighbourhood noise will be a separate chapter of the guidelines, they are clearly 
different from transport sources. This chapter can also have a pedagogic character to 
providence guidance for future studies, studies are needed on this field. 
 
Dr Mueller – Wenk - Determining the severity of noise-related human health effects 
within an established health metric system 
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Dr Mueller Wenk, similar to other partners, updated his paper according to discussions of the 
second meeting.  
 
Dr Mueller Wenk considered sleep disturbance caused by a long term exposure to nocturnal 
road noise as a disease itself. He based this statement on the judgements of patients having 
Obstructive Sleep Apnea Syndrome as well as with noise-related sleep disturbance. 
 
Under the conditions of a highly developed and densely populated country like Switzerland, the 
night time noise due to road traffic causes approximately 50000 cases of sleep disturbance per 
million of persons. With a disability weight of 0.055, this results in a Burden of Disease that is at 
least as important as the Burden of Disease due to premature deaths caused by road accidents. 
 
Even if calculations are made on the basis of recent studies that are considered to 
underestimate the road noise exposure of the population (ARE 2004), as well as the night-time 
noise sensitivity of the population (DLR study Samel 2004), it can be shown that the 
corresponding 'low' value of the Burden of Disease due to road-noise-related sleep disturbance 
is of a magnitude that justifies and requires public action. 
 
Discussion 
 
Is the method used for Switzerland also valid for the other countries? WHO has a parallel 
working group for estimating the Burden of disease of noise and the night time noise results will 
be included on the guidelines. 
 

Conclusions 
 
1. The guidelines will be established for, mainly, sleep protection (objective and subjective 

sleep quality), only a small part of the document will be dedicated to annoyance for 
awakened people during the night; 

 
2. The possible measures that Member States should undertake to implement the guideline 

values should be described when possible; 
 

3. The final document should include success stories and noise reduction case studies; 
 

4. The message has to be clear to be understandable by the majority of people; 
 

5. Times of night; number of events; and duration of the events should be considered, but 
the metrics should be kept simple. Lnight and LAmax per source will be used; 

 
6. A small meeting could be organized on exposure and metrics (probably in September in 

Vienna); 
 

7. Sleep is measured objectively and subjectively - The final document will describe sleep 
quality and insomnia; 

 
8. There is unanimous consensus that a disturbed sleep has serious health effects – solid 

evidence exists in sleep medicine, the insomnia model will be used as a proxy and its 
causes and effects described on the final document; 
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9. The analysis of the evidence suggest that Lnight outdoor>42 dB(A) induces sleep 
disturbances; 

 
10. The NOAEL (non observed adverse effect level) (during sleep) is Lnight 42 dB(A) outdoors; 

 
11. Positive attitude towards noise can minimize its effects; 
 
12. Standards should be devised and strictly adhered to in hospitals, particularly at intensive 

care units; 
 

13. The autonomic nervous system is more easily activated in children than in adults; there 
seams to exist a “protective” mechanism that keeps them sleeping – sleeping is crucial; 

 
14. Studies carried out in the United States will be included – Dr Michaud will provide the 

pertinent ones; 
 

15. Noise does not seem to have a direct influence on mental health, maybe sleep mediated 
– but there are not enough studies – the evidence simply does not exist! 

 
16. For military aircraft dose response relationships between aircraft noise and ‘mental 

instability’ and ‘depressiveness’, were found but only for high levels  >70 Ldn; 
 

17. Perceived “controllability” of noise (possibility of switch it off) is of crucial importance; 
 

18. The NOAEL for Myocardial Infarction is Lday = 60-65 dB outdoors and Lnight outdoors = 50 
– 55 dB for road traffic; 

 
19. It was not shown that the recorded 24 h noise levels in the Munich study impaired self 

reported sleep quality, neither for the children, nor for their parents but the study was not 
developed to analyse sleep disturbance; 

 
20. Chronic exposure to environmental noise increases the risk of hypertension; 

 
21. Animal studies show that excessive exposure to noise causes aging of the heart – the 

main risk for myocardial infarction; 
 
22. The guidelines will be, for transportation noise defined by source; In addition continuous 

noise’, and ‘intermittent noise events’ will be described; 
 

23. The “deriving guidelines” chapter on the final document will summarize the background 
papers trying to have an easily understandable structure (per source and per effect); 

 
24. A first draft of the chapter “deriving guidelines” should be produced by Mr Van den Berg, 

proposing an answer to the questions around it and the expert group will then comment 
and improve it! 

 
25. A chapter should be devoted to (neighbour) neighbourhood noise – its contents will be 

“different” from the other sources - No specific guidelines values will be developed for 
neighbourhood (and neighbour) noise, only when possible they will be derived from 
transportation noise studies – with special restrictions; 
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26. A chapter should be developed on the burden of disease of night noise supported by the 
work WHO is developing in parallel; 

 
27. Each time possible the health effects of noise exposure to levels above proposed 

guidelines should be described and quantified; 
 

28. A smaller meeting on hormone secretion and their significance could be organized; 
 

29. developing a table like the following was considered useful, if feasible: 
 

Effect Lnight outdoor Number of events 
with duration 

Lamax 
outdoor 
Or difference 
between 
background 
level 

Duration of 
exposure 

Road  42 
dB(A)

Arousals /CAP rate 
– which level? 

  

Rail     
Air     

Sleep 
disturbance 
Children  

Combined      
Road     
Rail     
Air     

Sleep 
disturbance 
Adults  

Combined      
Road 50 

dB 
  10 years 

Rail     
Air     

Cardiovascular 
diseases 
- Ischemic 
heart disease 
- hypertension Combined      

Other  
 

     

 
 
Follow up - Timetable  
 
According to the contract with the European Commission, the project should end in June 2006. 
For be able to finalize within the delay two smaller meetings could be organized in 
 - Sept 2005 – exposure, metrics – in Vienna  

- October 2005 – health significance of hormone secretion  
 
The partners should finalize their papers as soon as possible (or sent their paper to secretariat if 
not yet presented). The final document will summarize them according to the table of contents 
presented in annex 2 (still not agreed upon). 
 
A professional senior editor will be hired to compile and summarize the background documents. 
He/she will produce a first draft that will be revised by this group. After corrections, an external 
group of experts will also be requested for review the document and the results will be discussed 
on a final meeting. 
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In May 2006 the project final meeting with the participation of WHO / EC Member States will be 
organized in Bonn. This is envisaged to be a technical and political meeting, 1 day for 
exclusively technical aspects and one or two days for the political part.  
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Annex 1 – Proposed table of contents of the final document 
 
Night noise Guidelines – protecting sleep! 
Executive summary 
 
CHAPTER I - INTRODUCTION: METHODS AND CRITERIA 
 
1. Preface 
 
2. Strength of evidence 
 
3. Considerations with regard to night-time noise indicators 
3.1 Length of night – shoulder hours 
3.2 Event or long-term descriptor  
3.3 Number of events 
3.4 Inside / outside differences 
 
4. Exposure in the population 
4.1. Noise sources 
4.1. Noise levels 
4.2 Surveys 
 
CHAPTER II - SLEEP AND HEALTH 
 
1. Sleep, normal sleep, sleep disturbance, characteristics mechanisms, the insomnia 
model 
2. Long term noise-induced health risk mediated particularly by sleep disturbances  
3. Health effects of disturbed sleep in children  
4. Accidents related to sleep quality  
5. Animal studies  
6. Burden of Disease  
7. Conclusions 
 
CHAPTER III – STRESS MODEL 
 
 
CHAPTER IV - EFFECTS OF NIGHT TIME NOISE ON SLEEP 
 
1 Short term effects of transportation noise on sleep with specific attention to 
mechanisms and possible health impact  
1.1. Dose-effect relations 
1.2. Chronic effects 
 
CHAPTER V. EFFECTS OF NIGHT TIME NOISE ON HEALTH 
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1. Self-reported (chronic) sleep disturbances 
2. Medicine use  
3. Cardio vascular effects  
4. Effects on performance  
5. Effects on psychic disorders  
 
CHAPTER VI. GUIDELINES AND RECOMMENDATIONS 
 
1. NO(A)ELs 
2. Dealing with situations exceeding the NOAEL’s 
3. Neighbourhood noise and noise from neighbours 
4. Protection measures & control  
5. Recommendations  
6. References  
 
Annexes  
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Participants: 
Professor Jacques Beaumont 
Mr Martin van den Berg  
Mr Xavier Bonnefoy 
Mr. Dick Botteldooren 
Dr. Danny Houthuijs 
Professor Peter Lercher 
Mr. Henk Miedema 
Ms Célia Rodrigues 
 
Background  
The meeting was coordinated by Martin van den Berg and Peter Lercher to discuss the acoustic 
aspects of the night noise guidelines document. Discussions took place on the relevance and 
practicability of different indicators.  
 
Introduction  
Professor Lercher introduced the group with some thoughts about the tasks that should be 
considered by the group: 

• Ensure that the application of the guidelines will be easy reproducible and affordable  
 

• The use of an integrated indicator for the setting of limits has advantages and 
disadvantages (see Muzet 2002). One major merit of using an integrated indicator is 
the ability to have a global noise description of an area that can be easily compared 
and areas suffering most easily identified. On the other hand, in impact assessments 
studies (SEA, EHIA), guidance is needed to assess the various options. In this case, 
the use of one indicator (Leq or Lden) is not enough to provide sufficient guidance. For 
example, when dealing with airports, it does not help much to take only sanctions 
against loud aircrafts, the number of aircraft movements is also important. Here, in 
addition, a single noise event indicator is required which can easily be monitored 
(Muzet 2002). 

 
• The advantages or disadvantages of various indicators for different purposes should be 

described, providing a framework. 
 
Mr Bonnefoy started the session by reminding some of the unanswered questions in the NNGL 
project: 

• Is there one or few indicators to assess the various impacts on health & well-being? 
 

• One of the goals of the NNGL project is also to make a proposal on the validity of the 
night penalty factor to be allocated to night time noise in the calculation of Lden. A 
report describing the expert consensus on possible ways to amend the penalty added 
to night noise levels in the calculations of Lden should be provided. The group has, 
therefore, to pay attention to this issue. Is there enough evidence to revisit the 10dB 
penalty? 

The data used for establishing this penalty was based on annoyance surveys. The group agreed 
to say that there are no new data available to re-review the evidence to this date. It is well 
known, however, that the 10dB were a compromise. The true night-time sensitivity from this 
earlier database (Jansen and others?) was around 15 dB. No studies on cardio vascular were 
considered, mainly because it is difficult to separate the day and night exposure.  
The final report will refer to this problem and propose continuing to use a 10 dB penalty until 
further evidence is available. 
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• Are there sufficient data to prove whether the cardio vascular effects are related to 
night time? 

This question comes on the follow up question of the 10 dB penalty. If the penalty of Lnight is 
increased the night time guideline would be more protective. However the current evidence on 
cardio vascular effects does not allow assessing which period of exposure (day or night) is more 
important as the studies carried out until now do not differentiate the exposure period. The 
evidence is insufficient (Babisch) to maintain the status quo in terms of recommendation.  
 
Mr Bonnefoy also reminded the group that sleep during shoulder hours should be protected. A 
way of assessing the number of events that are above the average background noise level 
should be established, in order to protect the sleep during these critical periods of time.  
 
Professor Jacques Beaumont’s presentation 
Professor Beaumont has prepared for the “Forum Acusticum 2005” in Budapest a paper called 
“Event descriptors for qualifying the urban sound environment” describing the main existing 
indicators and making a proposal for an indicator to be used in urban situations exposed to 
traffic noise in counting emergences with respect to fluctuant background noise.  
 
He presented this paper and made a proposal for two indicators to be used for railway noise and 
aircraft noise. 
 
Professor Beaumont proposed to use “event” indexes instead of energy indexes. This type of 
index, contrary to energy indexes that average sound level over often long periods, characterise 
sound events localized in time and space. The energy developed is no longer the main criterion. 
He suggested the use of: 

for train:  TEL (Transit Exposure level - integration of level & number) 
for aircraft: Lenp (weighting of noise characteristics) 

these indicators take into account at the same time the energy of an event and the durations of 
its occurrence. They describe better situations with fluctuating traffic and allow evaluating peak 
effects and the magnitude and frequency of variation of the noise level over the studied period. 
 
As metric to be used in the guidelines Professor Beaumont proposed a combined use of these 
two indexes and Lmax > 70 dBA and number events exceeding it >5/8 calculated in the shoulder 
hours and outdoors. 
 
The concept of “emergence” is already used in French guidelines. It represents the difference in 
dB between the background level and the energy of the event. 
 
Discussion  
Mr Bonnefoy reminded the group that “sleep pathologists” and their findings on the adverse 
effects of arousals would lead to consider that: 10dB above average value (emergence) gives 
arousal (which is a common rule of thumb -also used in the assessment of neighbourhood 
annoyance by industrial noise).  
Therefore the number of events with such an emergence should be integrated in a useful 
manner.  
 
Professor Lercher: A framework should be provided that gives guidance on how to protect best 
the night against different sources and source combinations in different situations (different 
background noise levels, different propagation. The group felt that we should have a step wise 
approach first with simple sources, and then with combined sources, if at all possible. 
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Mr Botteldooren: threshold thinking is a one common approach: 1 event of 65 or 50 events of 40 
Lmax produce the same Lnight. However, these two situations with different background levels 
are very different. 
 
Dr Houthuijs: A 75dB event, causes an arousal and possibly an awakening. What is not enough 
considered is that such a high noise event will affect more people in a larger area, because more 
people can hear it. The number of people exposed should be integrated as well in the 
guidelines. 
 
Mr Van den Berg quoted the Basner table (DLR-study) about the relation between number of 
events and effect, trading number of events against level, and the importance of time window of 
exposure. He further elaborated his points with a written contribution after the meeting in 
October 2005 (see Annex 1 below). Studies of awakenings have shown that it is rather simple to 
determine the likelihood of an arousal by a single event (see e.g. Fidell study or Passchier-
Vermeer study). What is more difficult is to determine the effect of multiple events – what is the 
chance of re-awakening after an awakening has occurred. 
 
Mr Van den Berg mentioned the actigraphic mobility method, the long-term exposure versus 
instantaneous. It could help answering some questions. The Passchier-Vermeer study has 
shown that this measure is useful. Although, certainly, a drawback is that cardiovascular arousal 
is not covered and therefore an underestimation of important health effects may occur. 
 
Mr Bonnefoy reminded the sleep pathologist’s concern with arousals. Arousals seem to be the 
common denominator: an excessive number of non-physiological arousals should be avoided to 
prevent cardiovascular/hormonal effects. 
 
Mr Bonnefoy then draw a table on the blackboard which he wanted to have filled in by the 
acousticians. The aim of this table was to test, whether different background levels have 
different effects - given different N of events - on a proposed continuous guideline level. 
 

Background 
noise No  30 dB 35 dB 
Number 

of aircraft 
events 

Lamax 
(dB) 

LAeq 1 
h 

LAeq 8 
h 

LAeq 1 hour 
(dB) 

LAeq 8 hours 
(dB) 

LAeq 1 hour 
(dB) 

LAeq 8 hours 
(dB) 

60 37 28 38 30 39 29 
70 45 36 45 37 45 39 1 

80 53 44 53 44 53 45 
60 40 31 40 34 40 33 
70 42 39 42 40 42 40 
80 48 47 48 47 48 47 

2 

85 60 51 60 51 60 51 
60 44 35 44 36 44 36 
70 52 43 52 43 52 43 5 

80 60 51 60 51 60 51 
60 54 45 54 45 54 45 
70 62 53 62 53 62 53 50 

80 70 61 70 61 70 61 
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The following efforts did not reveal the wished results. While in general it seams easy to fill in 
this table with “abstract” values, however, it seems not to be easy to have “typical” over flights or 
pass by’s available for calculation. The EC position paper on indicators made some calculations 
with number of events and “background” levels and Lnight performed well.  
 
Mr Dick Botteldooren’s presentation  
Dick Botteldooren presented a series of slides about concepts and data which might be useful 
for the NNGL. 
 
He presented data about the noise distribution during the night and during the “shoulder hours” 
from Belgium (Colin Grimwood has shown similar data with similar conclusions from the UK). 
After an approximate decrease between midnight and 3:00 hrs of 5 dB, a linear increase of 
about 10 dB happens until 6:00 hrs. This follows population activity pattern. 
Among the parameters to be considered, the nightly sound pattern should also be considered: 
E.g. as duration of quiet periods or the duration of uninterrupted, undisturbed periods. 
 
He also mentioned the potential (mis)use of parameters (to exchange level for number of 
events). Consequently the question comes up: Can we have a single indicator for all purposes?  
 
By using the FICAN 1997 curve, that provide the probability of awakening, he demonstrated this 
curve may not apply when multiple events occur as it assumes that events are independent one 
from another. 
 
Mr Botteldooren compared the different effects using the two strategies - when you use the 
various indicators mentioned by Professor Beaumont and in the table prepared by Mr Van den 
Berg - limiting the number of events (corresponding to a 10 dB reduction) versus a continuous 
noise limit. 
 
He then presented a possible general extension of the NNI (noise number index) by replacing 
number of events by the duration of time over a given threshold: TNI70. 
 
He presented noise data from a survey along the Brenner highway. By testing various noise 
sequences he demonstrated substantial differences between NNI, Lnight and TNI70. Although 
these data are not likely to represent situations found elsewhere it showed that Lnight is not able 
to distinguish sufficiently existing differences in potential disturbance. 
 
It was again mentioned by several participants that the overwhelming majority of health effects 
papers are based on Leq and that only recently the Lnight was used. 
 
Discussion 
According to WHO, the chosen indicator should describe the average Lnight, the Lmax, the 
number of events, the number of events exceeding a certain threshold relative to the 
background noise level to capture the emergences. This is quite an impossible challenge. 
 
Some participants consider that most of these indicators are well known but have not shown to 
have big advantages over the classic integrated ones (Leq). 
 
In particular Henk Miedema warned that any consideration of background noise may carry the 
risk for arguments to increase the background noise in order to avoid health effects. It is also 
possible that rural areas may also be more sensitive to the effects because of the so-called 
“recruitment” phenomenon. 
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Professor Beaumont’s proposed to take the background level at 40dB and use emergences by 
10, 12, 15 dB as a basic framework. 
 
Dr Henk Miedema asked for making a clear distinction between a legal framework and a 
scientific framework. 
 
Professor Lercher’s suggested that a series of indicators could be proposed, examples of their 
potential use shown in an appendix. This would open the opportunity for further testing in both 
research and practice and therefore serve both purposes. Then the group would go for a single 
indicator. 
 
Conclusions 
There are primary differences in approaches and concepts on using the Laeq indicators. In 
France the background level is measured and in the Netherlands it is calculated. Hence the 
Lnight in The Netherlands already takes into consideration all the events because it is calculated 
in function of average number of vehicles. This makes the concept of emergence hard to use 
with the Dutch legislation for example. 
 
If the concept of emergence and number of events is to be used in the guidelines, a 
recommendation to measure LAeq and not calculate it will have to be proposed (similar to the 
existing WHO guidelines). 
 
There are well established dose-effect relationships between a single event (SEL) and arousals 
and SEL and awakenings – what needs to be further investigated is the effect of multiple events 
– this could perhaps be achieved by analysing existing data differently or to consider the cardio 
vascular effects as the outcome. 
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Annex 1: Relation between number of events and night time 
LAeq for some effects (discussed by Martin van den Berg, 
October 2005) 
 

1. Although it is not often recognized, the equivalent A-weighted sound level (LAeq) “adds” 
up number of events over the period the LAeq refers to. Implicit in the LAeq formula is 
that events (number N) are not linearly added but logarithmically, with 10*log (N).  
This implicit assumption has been verified to be correct for annoyancei and for self 
reported sleep qualityii. Relations with other effects like CVD and performance have been 
found to be statistically significant using LAeq as the metric. The question is if this 
10log(N) relation also holds for other effects. 
 

2. There are few studies looking into this problem, and the outcomes usually are not very 
convincing. A problem is often that for one source high correlations are found between 
LAeq, N and single event levels, so analysis on beforehand is difficult. 
One possible approach is to use the relations between single events and effects to model 
the total effect. The trap here is that in order to derive the single event relations it must be 
assumed that the reactions are statistically independent. This almost certainly not the case, 
and one only can hope that the interaction doesn’t disturb too much the outcome. 
 

3. In this way 2 reasonably reliable dose-effect relations have been derived: for motility and 
for conscious awakenings from aircraft noiseiii. Both give the probability of an effect in 
relation to the SEL or LAmax for a single event above threshold.  

 
4. It has been demonstrated that the combination of an Lnight with a linear or quadratic 

relationship between a single event and the probability of an effect leads to a maximum in 
the number of effects at a given LAeq at a single event level (SEL or Lmax) which is just 
over the threshold (see Annex). 

 
5. The same maximum effect is of course also present when looking at the number of events 

N, and this can easily be simulated. In figures 1 and 2 this is shown for a realistic 
combination of inside LAeq values and number of events.  

In fig 1 this is done for body movements.  The maximum of  500 events per night is chosen 
because that means an average of 1 per minute; a situation which can be found near main 
roads. At higher intensities the events start to merge. As expected the maximum in the total 
effect occurs also with respect to the number of events, and is the maximum dependent on the 
LAeq level (of course, because at the same SEL).  
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Figuur 1. Noise induced body movements at constant Lnight inside the bedroom 

In order to keep Lnight constant while increasing number of events, the level per event 
decreases. At Lnight = 20 and 25 a clear maximum can be seen.  With this choice of 
parameters awakenings almost donot occur. 
 

 
Figuur 2. Noise induced awakenings at constant Lnigt inside the bedroom 

This choice of parameters is more representative for airports and railway lines. At 
Lnight=20 no awakenings occur, and at Lnight=25 a definite maximum occurs. At higher 
Lnight level this maximum occurs after the event-horizon. As can be seen from figure 1, 
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no maximum in body movement occurs for these situations. The figures are not combined 
to avoid confusion. 
 

6. If we concentrate on numbers which are now common for airports and railway lines ( up 
to 50 events per night), close to the airport (high Lnight levels) the effects increase with 
the number of events. This might mean that when a number noise planes or trains are 
replaced by more, but quieter planes, the total number of effects in the population 
increases. However, further away (and that implies a larger part of the population), the 
inverse occurs.  

 
7. This is a nice exercise, but the question is if this is a realistic image of what occurs in 

reality. There is a lot of uncertainty if these individual relations may be used to derive 
population means, and if the underlying assumptions (independence) hold. 

 
8. Assuming this to be realistic, it is difficult to derive additional indicators. For awakenings 

the recommendation could be to eliminate events below the threshold (SEL=53), but for 
motility the threshold is SEL=38, which  could be produced by aircraft at cruising height. 
 

 
------------ 
 
i Miedema, Vos, Community reaction to aircraft noise: Time-of-day penalty and tradeoff between levels of 
overflights, JASA, 107, 2000 
ii Miedema, De rol van aantallen gebeurtenissen bij zelfgerapporteerde slaapverstoring, TNO-report 31-
12-2004, ref 04-6B-086-64023 
iii EU-Commission: Position Paper on Lnight, 2004, 
http://europa.eu.int/comm/environment/noise/home.htm 

http://europa.eu.int/comm/environment/noise/home.htm
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APPENDIX I: relations between Lnight and instantaneous effects 
 
Statement 1 
 
Let f be a function of SEL that gives the expected number of instantaneous effects caused by a 
single event. With a given Lnight and a given number of events N, the expected number of 
times that an effect occurs in the night, n, is maximal if all events have equal SEL, provided 
that f°10lg is increasing but negatively accelerated. 
 
Statement 2 
 
If  

nmax   =  10(Lnight-SEL+70.2)/10 . f(SEL), 
 
has a maximum over sel and f is the quadratic function f(SEL) = a SEL2  + b SEL + c, then the 
maximum occurs irrespective of Lnight at 
 
SEL0   =   4.34 – A ± [(A – 4.34)2 – (c/a) + 8.68A]½, 
 
where A = b/(2a). (Only with + at the place of  ± the value will come in the realistic range of 
SEL) 
 
Statement 3a 
 
If the shape of the time pattern of the sound level has a block form, then SEL = LAmax + 10lgT, 
where LAmax is the maximum sound level (integrated over 1-s) and T is the duration of the 
noise event in s. 
 
Statement 3b 
 
If the sound level increases with rate a (in dB(A)/s) and after time point t = 0 decreases with 
rate –a, then SEL ≈ LAmax – 10lga + 9.4. 
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Background  
 
The final conference was the conclusion of the ”Night Noise Guidelines (NNGL)” project co-
financed by the European Commission and other partners. The aims of this project are to 
provide expertise and scientific advice to the Commission and its Member States to support 
the development of future legislation in the area of night noise exposure control and 
surveillance. The project has followed the WHO methodology for the development of 
guidelines.  
 
This meeting intended to be a consensus building meeting where the partners, additional 
experts, national government officers and stakeholders reach agreement on the headlines of 
the Guideline documents. The discussions focussed on: 
 

1. Methodology to be followed to reach guideline values; 
 
2. The list of health effects and various end points of night time noise exposure; 

 
3. Validity of dose-effect relations and thresholds 

 
4. Weight factors to determine burden of disease 

 
5. Guidelines and recommendations 

 

Summary of the meeting 
 
The meeting was attended by the invited experts and stakeholders representating industry, 
nongovernmental organizations and policy makers including European Environment Agency 
and DG Environment (see the list of participants below). As the main document was very 
comprehensive addressing extensive evidence review from which guidelines were derived, it 
was not expected to build a complete consensus on all aspects of the document. However, 
on behalf of transparency and the openness of peer-review process, all participants were 
requsted to review and comment on the drafted guidelines document thoroughly before the 
meeting. The participants were presented the summary of the contents of the final draft 
document at the meeting, and provided final comments.  For the most important chapter on 
the guideline values (Chapter V), all participants read and revised the text line by line 
collectively, reaching the final consensus. The WHO temporary advisor and secretariat 
prepared the final version of “Night Noise Guidelines for Europe” as the technical report of 
the NNGL project. 
 

Summary of major comments on the draft NNGL document 
This is a summary of major comments on the final draft, passing by suggestions for obvious 
improvement of language and order, additional data etc.  
 
General: 

• If self-reported sleep disturbance is considered more of a sleep-quality issue than 
health& well-being, it should be placed in chapter III instead of in Chapter IV 
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• Delete all sections with “negative”results (II.4, IV.6, IV.7, IV.8) and add short 
statements to that effect in the introduction. 

• More information on sleeping times and shoulder hours, also in chapter V. 
• More information of what END really may contribute. 
• Copy parts of the Community guidelines 2000 in this report:  

o Section 5, “Noise Management”, first paragraphs with bullet points a-c, is a 
vital component of any discussion on Community Noise and should, in our 
view, feature very early on in the draft – these are crucial statements 

o Section 5.7.6 “Cost benefit analysis”, Section 5.7.7 “Review of standard 
setting”, Section 5.7.8 “Enforcement of noise standards: Low-noise 
implementation plans”, and Section 5.8 “Conclusions on Noise 
Management”, pages 86-89 inclusive 

o Chapter 6, “Conclusions and Recommendations”, should be edited into 
the relevant Chapter in the draft under consideration, again for 
consistency and clarity 

• discuss the final Report at the next suitable meeting of the steering group of the 
WHO Charter on Transport, Environment and Health working groups and/or the 
related high-level Ministerial meeting(s). 

 
More specific suggestions to be discussed: 

• Page 12, chapter I, 3.2, Event or long-term descriptor 
Knowing the pros and cons of long-term descriptors (stable exposure curves, easily 
calculated <-> poorer relation with awakenings) and event descriptors (instable exposure 
curves, difficult to evaluate <-> better linked with awakenings) one could mention the 
compromise of an 1-hour Leq limit value that was successfully introduced in the Swiss 
regulation for air traffic noise. The discussion of what kind of descriptor should be chosen will 
be of importance in the practical implementation of the guidelines, say, fixing limit values for 
the night time 

• Page 14, chapter I, 3.4.3, Inside to outside 
The arithmetical calculation that lead to a value of 21dB is not really convincing as using this 
value would considerably underestimate the exposure of 75% of the population. The usually 
applied value for the inside-to-outside difference is 25dB for close windows, 15dB for tilted 
windows and 10dB for open windows . 

I therefore suggest to mention an value for the inside-to-outside difference of 15dB, 
covering in this way at least 75% of the population. However, inside limit values should 
be used as indicator as they correspond best with the noise exposure.  
Moreover, chapter 3.4.3 and 3.5 could be merged, as both deal with the same topic. 
• Page 21 , chapter II, 1.1 Normal sleep (objective measurements), sentence between 

table II.1.1 and table II.1.2 
...while the number of EEG awakenings including cortical arousal averages 10-12 per 
night.... 

The DLR-Study  found an average of 21 arousals. I suggest to check the value. 
• Page 81, chapter IV, 7.1 Cognition and slow-wave sleep 
Referenced literature (Benedict et al., 2004) is missed in chapter V 8. References. 

As has been showed from the same group of researchers [Plihal, W., & Born, J. (1999). 
Effects of early and late nocturnal sleep on priming and spatial memory. Psychophysiology, 
36(5), 571-582.], for procedural memory, REM-Sleep is (nearly) as much important as SWS 
sleep is for declarative memory. Although for general well-being SWS sleep might be a bit 
more important, one stands on shaky ground in my opinion when concluding that „e.g. 
aircraft noise before midnight, would be particularly damaging to memory and related 
cognitive functions“. Procedural memory is also important, e.g. when driving a car. Beside 
that, all event correlated studies show that noise events do in fact have a greater impact 
(increasing awakening probability) in the second half of the night than in the first. 
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• . 101: In the first sencence on chapter IV you say that evidence for the direct effects 
of night noise on health are given. In my understanding, 'direct' means 'not via 
degraded sleep'. If I am right, the word 'direct' should be cancelled, because section 
IV / 2 concerns sleep disturbance. 

• p.101: in last paragraph, it would be desirable to stick to the terminology of p.22ff., 
e.g. 'noise-related Environmental Sleep Disorder' instead of 'environmental noise ..?... 
disturbance' 

• p.102: You write "In the table all effects are summarised ....". Please clarify here if you 
mean 'effects from day or night noise' or 'effects from night time noise' 

• I assume that table V.2.1 refers to day or night noise, whilst table V.2.2 refers 
exclusively to night-time noise. 

• p.102: May I repeat that tables V.2.1 and V.2.2 should contain a reference per each 
of the rows, indicating the origin of the information. 

• Page 102, chapter V, 2, table V.2.1 
I suggest to give all indicators for inside as these values correspond best with the level at the 
ear of the sleeper and thus with the health effects. The calculation from inside to outside 
should be done according to the building structure and is beyond the scoop of WHO 

• The item “zoning” in Ch.V, page 105, should be deleted because it contains 
incorrect statements about the Quotum Count system. 

• p. 106: I would not call the situation above 55 dB 'unacceptable', because this will 
almost automatically lead politicians to the conclusion that Lnight below 55 dB is 
'acceptable'. Instead of qualifying the situation above 55 dB, I would simply 
describe what happens, as it is done for the lower noise levels. 

• In addition, I would include in section 6 the Burden of Disease aspect, for instance 
as follows: "Health protection from noise should be seen from the Burden-of-
Disease aspect: Because Lnight along roads is widely higher than 45 dB but 
lower than 60 dB, the noise-related Burden of Disease is typically dominated by a 
large number of inhabitants suffering from sleep disturbance due to road traffic. 
National health policy should adequately take account of this high Burden of 
Disease, in comparison to current non-noise Burdens of Disease.' 

 
Conclusions and recommendations 
At the final conference in Bonn, Germany, on 14 December 2006, representatives from the 
working group and stakeholders from industry, government and nongovernmental 
organizations reviewed the contents of the draft document chapter by chapter, discussed 
several fundamental issues and reached general agreement on the guideline values and 
related texts to be presented as conclusions of the final document of the WHO Guidelines for 
Exposure to Noise at Night as the table below.  
 

Table 1. Effects of noise on health 

Lnight,outside up to 30 dB  Although individual sensitivities and circumstances 
differ, it appears that up to this level no substantial 
biological effects are observed. 
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Lnight,outside of 30 to 40 dB  
 
 
  

A number of effects are observed to increase: body 
movements, awakening, self-reported sleep 
disturbance, arousals. With the intensity of the effect 
depending on the nature of the source and on the 
number of events, even in the worst cases the effects 
seem modest. It cannot be ruled out that vulnerable 
groups (for example children, the chronically ill and the 
elderly) are affected to some degree. 

Lnight,outside of 40 to 55 dB  There is a sharp increase in adverse health effects, and 
many of the exposed population are now affected and 
have to adapt their lives to cope with the noise. 
Vulnerable groups are now severely affected. 

Lnight,outside of above 55 dB  The situation is considered increasingly dangerous for 
public health. Adverse health effects occur frequently, 
a high percentage of the population is highly annoyed 
and there is some limited evidence that the 
cardiovascular system is coming under stress. 

 
After the meeting, WHO Secretariat added the following interpration of the guideline values 
to assist policy-makers to inptrete the threshold values agreed at the meeting. Considering 
the uncertainties of exposure-response relations, the need to protect the most vulnerable 
population, and the impacts on the public health, three stepwise guideline values for night 
noise levels were proposed: the ultimate target value (NNGL), interim target 1 (IT-1) and 
interim target 1 (IT-2) for flexible adoption and implementation by the European Union 
Member States as below.  
 
Table 2. WHO night noise guidelines 
Interim target I (IT-I) Lnight,outside = 55 dB 
Interim target II (IT-II) Lnight,outside = 40 dB 
Night noise guideline Lnight,outside = 30 dB 
 
In order to prevent any potential adverse health effects in the population due to night-time 
noise, it is recommended that the population should not be exposed to noise levels greater 
than Lnight,outside 30 dB during the night when most people are in bed. This is the ultimate 
target for countries having a high priority in protecting public health from night-time noise. 
The interim targets (IT-I and IT-II) are proposed for countries where the above guideline 
level, Lnight,outside 30 dB, cannot be achieved in a short period. Such countries should aim 
at reducing the number of the population exposed to levels over IT-I and IT-II as effectively 
as possible, depending on policy prioritization in the country. It is highly recommended to 
carry out risk assessment and management activities targeting the exposed population, and 
aiming at reducing night-time noise from the source to the level below IT-I and IT-II. 
Countries can choose to achieve the second interim target (IT-II) after achieving IT-I. 
However, IT-II can be used to evaluate new projects (highways, railways, airports or new 
residential areas) even before the achievement of IT-I. IT-II can be used for risk assessment 
and management of the whole population.  
In the long run the night-time noise guideline would be achieved by control measures on the 
sources along with other approaches. 
Especially in the range Lnight,outside from 30 to 55 dB, a closer look may be needed into the 
precise impact as this may depend much on the exact circumstances. Above 55 dB the 
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cardiovascular effects become the dominant effect, which is thought to be less dependent on 
the nature of the noise. 
As of 30 March, the executive summary of the final document is accessible on the WHO 
website at http://www.euro.who.int/noise. 
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Appendix 1. Minutes of the Final Meeting, Bonn, 14 Dec. 2006 
 
Present: 
Dr. Hans Bügli (Agency for the Environment, Forests and Landscape, Switserland),  
Prof. Dr. Rüdi Müller-Wenk(Universität St.Gallen),  
Anna Bäckman(European Environment Agency),  
Martin van den Berg (WHO-temporary advisor),  
David Delcampe (European Commission, DG-ENV). 
Dr.Leja Dolenc (Institute of public health, Slovenia),  
Jeff Gazzard (Greenskies Alliance, UK),  
Danny Houthuijs (National Institute for Health and Environment, Netherlands),  
Prof. Staffan Hygge(Laboratory of Applied Psychology, Centre for Built Environment 
,Sweden),  
Stylianos Kephalopoulos (Joint Research Centre, Italy),  
Dr Rohko Kim (WHO),  
Dr. Christian Maschke(Forschungs- und Beratungsbüro Maschke, BRD),  
Dr. Henk Miedema (TNO, Nehterlands),  
Dr. Matthias Mather (Deutsche Bahn, BRD),  
Prof. Dr. Sonja Nevismalova(Department of Neurology, Czech Republic) ,  
Nina Renshaw (Transport & Environment, Brussels),  
David Tompkins (European Express Association),  
 
Minutes: Janneke Tanja. 
 

 
 
Dr Kim welcomes the participants to the meeting. The aim of this meeting is to discuss the 
policy-side of the document. More detailed comments can be sent to Martin van den Berg 
separately. 
 
Over the course of the day four people have presented different aspects of the subject. The 
sheets of these presentations are available, the minutes will only reflect some general points 
and the discussion that followed the presentation. 
 

GENERAL OUTLINE PROCESS AND AIMS – M. vd Berg 
 
The NNGL as it stands today is the result of a process that started with a EU grant to the 
WHO in 2003. During the years that followed may experts from different fields have been 
involved in it. The final document is related to 

- WHO community guidelines on noise (2000) 
- Directive on environmental noise (EU) 
- Position paper on Lnight (EU) 

 
Right now, the Lnight limits in Europe differ widely, ranging from 45 to 62 dB. The NGGL 
does not set a (new) limit, but it provides governments with the necessary information to set a 
proper limit for their country. 
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Basic concept:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The link between night time noise and health is still difficult to prove. But the fact that there 
are proven links between night time noise and sleep quality and between sleep quality and 
health strongly suggests that there is such a link and it should be taken into account. 
 
The report shows the strength of evidence. Sufficient evidence indicates a proven causal 
connection and / or a plausible (biological) pathway. With limited evidence, a relation is 
plausible and either: 
- observed, but coincidence, bias and distortion cannot be ruled out 
- no observed relationship, but indirect evidence is of good quality 
 
Indicators that were used are SEL, Lmax, and Laeq, depending on the purpose.  There is at the 
moment no real alternative for Lnight as a long time indicator. 
 

Discussion 

There is some debate on the question whether or not you can use an average value here, when 
there is a difference in disturbance between people who sleep with open windows and those 
that don’t. Also, can you use calculated values, or have exact measurements.  
What you look for in a paper like this is a basic average value that can be used to say 
something on long-term exposure in general, and as a ‘default value’ when nothing else is 
available.  
 
 

HEALTH AND SLEEP -  L. Dolenc 
 
Sleep disturbance can lead to a number of health effects like insomnia, cardiovascular 
diseases, obesitas and accidents and has an effect on the way a person functions during the 
day. Sleep patterns are age related, and change over time. An elderly person sleeps less, 
awakes more often during the night, and also the phases of the sleep change. If a person has 
insomnia, he will also awake more often during the night. Research using EEG shows that 
there are more moments of awakening during the night than people report themselves. 

 

SLEEP 
QUALITY 

HEALTH 
NIGHT  NOISE 

Sufficient 
evidence 

Sufficient 
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Limited evidence 
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Discussion 

Is it possible to use the relationship between sleep and heath to prove a relationship between 
noise and health? What percentage of insomnia-cases is caused by noise for example? 
It’s difficult to say, because noise is not taken into account in this study. People who can’t 
sleep because of noise usually don’t go to a sleep-specialist. They already know why they 
can’t sleep. There is no evidence-based study on the link between noise and sleep-deprivation. 
That means that if we want to draw conclusions from this research, we need to know if the 
same effects are found with people who are sleep disturbed because of noise.  
 

NOISE AND HEALTH – D. Houthuijs 
 
Mr Houthuijs gives a short presentation on the reliability and strength of the evidence 
available for the relationship between nighttime noise and health. Self-reported sleep 
disturbance for example seems to be subjective, but there is actually a lot of evidence from 
other sources that support the findings. 
 

Discussion 

There is a clear difference in the way epidemiologists and medicals scientists look at 
evidence, and it surfaces in the discussions after this presentation. Where the medical 
scientists derive their evidence from looking at the individual, epidemiologists look for the 
patterns in the population as a whole. This leads to a discussion about what is proven and 
what not. 
 
New research show a stronger link between hypertension and noise than could be proven from 
the available evidence. But since these studies are not published yet, they cannot be taken into 
account here.  
 
There is discussion on the definition of insomnia; are we talking about primary insomnia here, 
or should it be environmental insomnia? Leja advises not to get too deep into that discussion, 
since it is an extremely complex issue. Conclusion was that there is indeed evidence for a link 
between (primary) insomnia and noise. 
 
NOISE AND SLEEP – H. Miedema 
 
Noise is something you can’t turn of. Even in your sleep your body will register it and give a 
response. That response varies from an increased heart rate up to actually waking up. Most 
effects have been observed in a laboratory-situation, but there is some fieldwork available.  
The threshold on which the effect become apparent is lower than was expected: between 
Lmax 32 – 37. 
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Discussion 

There is a relationship between the different observed effects. It seems the whole system sort 
of wakes up when it’s noisy. Question is if these effects are strong enough to cause disorders, 
but there are plausible biological mechanisms to suggest they are. 
 
Levels were measured indoors, and the threshold is defined as the point were the curve 
approaches 0%. It still is a number for the average sleeper, so there is some concern that the 
health effects for disturbed sleepers might be less visible this way.  
 
 

GUIDELINES AND RECOMMENDATIONS – M. vd Berg 

Discussion 

The discussion focuses around the main table on page 102 and the text of the section 
“”Recommendations for health protection” (pg 106).  There are some issues raised that will 
lead to changes in the table. The basis of this guideline however is formed by the text, the 
tables should reflect and strengthen that. So there is a limit as to what can be changed in the 
table. 
 
An important part of the discussion focuses on how to deal with the difference in available 
evidence. For instance, can you give a NO (A)EL for an effect that has only limited evidence, 
and how does that compare to a NO (A)EL for an effect with sufficient evidence?  The result 
o the discussion is that Martin will split the table in two (a table for the effects with sufficient 
evidence and a table with limited evidence), to avoid misunderstanding. 
 
It is not always clear what research some classifications are based on. And be careful to draw 
conclusions for one source base on the figures from another source. You can make some 
educated guesses, but make sure that that is specified in the text. 
 
Since they would help to understand the material that is presented, some basic information on 
and reference to DALYs will be made, with a reference to another WHO-paper that explains 
things more clearly. The column with disability weights will be skipped from the tables. 
 
Agreed on the following qualifications: 
Increase average motility –  sufficient 
Insomnia –  limited, a discussion of the methodology will be added 
Hypertension, Myocardial infarctions – both points have been extensively discussed. The 
problem is that we know there is more and stronger evidence on the way. But right now, it 
just isn’t available jet. That means we can only qualify the evidence for both of them as 
‘limited’, although it would be wise to add a threshold-value as well. At the end a level of 50 
dB for both was agreed. 
 
As we gain more knowledge, it becomes clear that effects occur at far lower levels than we 
thought. This should be reflected in the text. It might call for more or earlier measures, and 
that of course will lead to higher cost; that can be a problem. With the methods described in 
Chapter I an analysis of the situation may show if cost and benefits are well balanced. 
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Avoid terms like ‘unacceptable levels’. The reality is that we sometimes do accept those 
levels in certain situations. But besides that, the tone of this paper needs to be neutral. WHO 
states the scientifically proven health effects. Accent should therefore be on public health, not 
on costs or measures. It is a basis others will use to make choices. The text of paragraph V.6 
(page 106) was carefully life-edited until the complete satisfaction of all present. 
 

Closing remarks 
 
Kim: Compliments the members of the project group and the original project leader, Mr 
Bonnefoy. Contributions by all were highly valued by WHO. 
Delcampe: States that this work is important to the EU-Commission. WHO is always taken 
into account. Not automatically copied, but they have to look at it. Lot of legislation will 
come into review in coming years; this is an important piece. 
Tompkins: Operators also needs accurate, unbiased information to base decisions on; 
congratulations to the project group. 
Gazzard: There are also WHO meeting at transport and health; recommends to take 
information there. Get these guidelines out into the world so they will be used. 
Renshaw: NGO’s will make sure it will be heard. 
Maschke: still miss some words on max. noise levels.  
Vd Berg: there actually is a lot on that, large part of table is in Lmax. 
Miedema: Difficult to say something on single events. If you do, make it on number of events 
Vd Berg: that looks easier than it is... You’ll end up with a complicated discussion. 
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