
is not the sum of the acute effects, such as frequently being awoken by noise. sleep dis-

turbance and self-reported sleep quality, the Committee considers it plausible that a

series consisting of numerous relatively low-intensity noise events has a greater effect

than a series with the same overall Lnight value, consisting of a smaller number of

higher-intensity noise events.

4. 1.3 Consequences for regulation

The 1997 Health Council report Assessing Noise Exposure for Public Health Purposes

proposes the use of Lnight for the regulation of exposure to night-time environmental

noise. Of course, the extent to which controls based on blight can protect against the

effects of exposure to night-time noise when sleeping depends on the level at which the
limit is set. However, it follows from the considerations set out above that various situa-

tions might arise in which, although the prescribed bright value was not exceeded, the
exposure levels were undesirable from a health and well-being perspective, due to the
occurrence of relatively frequent low-intensity noise events.

If one concludes that exposure should be limited further, but that that cannot be

achieved by applying stricter Lnight exposure limits, the best way for\x-ard would be to
place a limit on the number of noise events. The reason being that setting SEL or LAmar

exposure limits for noise events would allow for less favourable situations. unless the
exposure limits were set at impracticably low levels. Hence limitation of the number of
events is preferable.

There is another reason for specifying a maximum permissible number of noise

events. The greater the nightl\' nu tuber of noise events (above the observation thresh-

old), the greater the chance is that one will coincidentally hear such a noise after 'spon-
taneously’ waking up in the night, possibly leading to annoyance and problems going
back to sleep. As indicated in section 3.2. if all intervals of 'spontaneous’ wakefulness

were to coincide with a noise event audible in the bedroom, a person might under
extreme circumstances hear a noise that had not woken him or her up approximately ten

times in the course of a night.

4. 1.4 Conclusion

At a given Lnight, (or Lnight _f) an acute effect of exposure to night-time noise is most
influential if the L.4max_ / or SEL _/ values of the separate noise events are approxi-

mately 5 dB(A) above the observation threshold for the effect in question. In order to
prevent the occurrence of the worst-case scenario associable with a given Lnight value,

consideration should be given to regulating not only Lnight . but also the number of noise

events. One consequence of setting a ceiling on the number of noise events would be
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that one was less likely to hear a noise event after 'spontaneously’ waking in the night,

and therefore less likely to suffer sleep disturbance.

Whether it is necessary or desirable to set an exposure limit on the number of noise

events, in addition to limiting Ln ighfva\ues, depends on the level of the Lnight limit and

the level of protection one wishes to provide. The relationships between acute effects

and SEL_ / values defined in this report, make this method of regulation a viable option.

4.2 Noise characteristics

The Committee has identified a number of forms of noise that may have a particularly

pronounced effect on people exposed to them

• Noise characterised by low-pitch components (buzzing)

• Noise consisting entirely of one or more low buzzing sounds (low-frequency noise)
• Tonal noise

• Noise events characterised by a rapid increase in intensity at the beginning (impulse

noise)
Industrial noise

Noise characterised by sporadic high L,4 in al or SEL values

•
•

4.2. 7 Noise characterised by low-pitch components

As indicated in chapter 2. noise exposure is generally measured using a so-called A-
weighting. which takes account of the frequency sensitivity of the human ear. However,

there is evidence to suggest that this method may place insufficient emphasis on low-
frequency noise components in particular. This possible drawback does not apply if use

is made of the so-called C-weighting, which affords nearly as much weight to low-pitch

components as to high-pitch components.

In the Netherlands. a study is in progress aimed at determining the differences

between outdoor A-weighted and C-weighted equivalent sound pressure levels mea-

sured in situations that frequently arise in practicelci7. The measured average differences

so far determined for aircraft, lorries, freight trains. shipping and industrial activities are,

respectively, 9, 7, 5, 14, and 13 dB and the ranges of the measured differences are,

respectively, 2- 13, 2-15, 1-15, 9-21, and 6-24 dB. From these figures, it is apparent that

noise from shipping and from industrial activities contains more low-frequency compo-
nents than noise from road, rail or air traffic. The researchers believe that the differences

are much greater indoors than out, because the fabric of residential buildings attenuates

some frequencies more than others.

The extent to which the presence of lower-frequency components increases noise-

related annoyance or sleep disturbance is still under investigation. The Committee antic-
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ipates that the results of the research currently in progress will enhance understanding of

the contribution that lower-frequency noise components make to annoyance and sleep
disturbance, but does not expect that it will be necessary to revise the exposure-response

relationships that have so far been defined, since these definitions already take account

of any extra influence of lower-frequency components. However, the tendency to use
higher powered equipment may mean that in the future the noise from certain sources
will contain much more low-frequency noise components, possibly necessitating modE

fication of the exposure-effect relationships as presently defined.

4. 2. 2 Low-frequency noise

After considerable deliberation, the authors of the 1997 Health Council report decided

that low-frequency noise should not be incorporated into the assessment framework,

since there was no reliable means of defining the necessary low-frequency noise adjust-

ment factor. The present Committee sees no reason to revise this view, as no relevant
new data has become available since. However, it does follow that the conclusions set

out in this advisory report do not necessarily apply to low-frequency night-time noise. It
should nevertheless be pointed out that low-frequency noise is relatively unusual in the

domestic environment; at least, the Committee is unaware of any commonplace sources
of such noise. Where sources of low-frequency noise are present, however, annoyance is

most likely to occur at night. u'hen such noise is not masked by higher-frequency noises
in the domestic environment.

4.2.3 Tonal noise

Nor has any new data relating to tonal noise become available since 1997. The Commit-

tee accordingly endorses the recommendation contained in the earlier Health Council
report, namely that the equivalent sound pressure level should be increased by between

0 and 5 dB(A) in cases that involve exposure to tonal noise when sleeping (see
Annex F). It is worth noting that, like low-frequency noise, tonal noise is rare in the
domestic environment.

4.2.4 Impulse noise

An impulse noise is a noise that increases very quickly, so that, as far as the listener is
concerned, it seems to reach its maximum intensity almost immediately. Examples

include gunshots and low-flying military jets. The international standard ISO 1996/01l08,

published in 2002, sets out a method for the assessment of impulse noises that is consis-
tent n’hh the thinking of the Health Council’s 1997 report. This system indicates that

Acoustic considerations 83



\

adjustment factors of 5 and 12 dB( A). respectively, should be used for certain specified

impulse noises (low-flying military jets, car doors slamming, church bells chiming) and
certain specified very impulse-like noises (gunshots, metal beating, pneumatic hammer-

ing, shunting of rail rolling stock). ISO 1996/01l08 lists the impulse noises and very

impulse-like noises in respect of which adjustment factors should be applied. because.

according to the working group that developed the standard, ISO 1996/0 1 there was too

little readily interpretable research data available to enable quantification of the adjust-
ment factors in audiologica1, physical or acoustic terms. The ISO standard did not adopt

the assessment method prescribed in the 1996 US standard ANSI S12.9l09, which was

based on the speed with which the sound pressure level rose at the beginning of an

impulse noise. In the Netherlands, however, a provisional assessment method was intro-

duced for railway yards, which followed the US method in working on the basis of the
speed with which the sound pressure level rises at the beginning of a noise event1 ]o. The

maximal adjustment factor that can be used is the 12 dB(A) applicable in relation to very

impulse-like noise.

The adjustment factors of 5 and 12 dB(A) are derived from research into noise-

related annoyance. People probably find impulse noises more annoying because of the

startle responses they tend to inducel05. Research by Griefahn65 (into the effects of gun-

shot noise in the laboratory), Vos111 (into the effects of gunshot noise in the field, see
Figure 24 in Annex D) and Fidell49 (the effects of noise from military jets in the field, as

analysed by Passchier-Vermeer52, see Figure 22 in Annex D) have all shown that noise

events characterised by a rapid initial rise in sound pressure level also cause consider-

ably more sleep disturbance than 'ordinary’ environmental noises.

4.2.5 Industrial noise

While attaching certain caveats, the 1997 Health Council report suggests that, in situa-

tions characterised by lower noise exposures, the equivalent sound pressure levels asso-
ciated with industrial noise should be corrected by between 0 and 10 dB(A). This
proposal was based on considerations regarding noise-related annoyance relative to

noise exposure over the full twenty-four-hour period. Recent research has since shown
that there is no scientific basis for making such an adjustment112

Figure 14 illustrates the relationships between industrial noise and annoyance, as

defined using data from recent research by Miedema er al1 12, and the relationships
between road traffic noise and annoyance113. The figure shows the percentages of people

experiencing high annoyance attributable to road traffic noise and industrial noise, the

percentages of people experiencing at least moderate annoyance, and the percentages of

people experiencing at least slight annoyance, as functions of Lden . It will be seen that

the curves for industrial and road traffic noise are almost identical, and certainly do no
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Figure /4 Annoyance caused by road traffic noise and industrial noise as a

function of LdL’1111:-\ 13. %HA is the percentage of people experiencing high
annoyance, %A is the percentage of people experiencing at least moderate

annoyance. and %LA is the percentage of people experiencing at least slight

annoyance,

justify the conclusion that, at Lden values of between 40 and 60 dB(A), industrial noise

causes more annoyance than road traffic noise. The Committee consequently believes

that there is no longer any justification for correcting the equivalent sound pressure lev-

eIs associated with night-tUne industrial noise either.

4.2. 6 Sporadic high LAmax or SEL values

The exposure-response relationships described above have been defined on the basis of

data from situations where night-time noise events occurred regularly. It is therefore per-

tinent to ask whether these relationships remain valid in situations characterised by SPD-

radic noise events with comparatively high SEL and LAnla.\ values. The Committee

anticipates that, in such a situation. the probability of an acute effect (of whatever kind)
will be greater than the defined relationships suggest, since the hearer will necessarily be

unused to noise events of the kind involved, and anxiety is very likely to play a role.
Anxiety is palticularly likely to play a role where the hearer associates a noise with a

previously experienced threat to him/herself or others. A single event of this kind can
also have consequences for the hearer ’s quality of sleep for the rest of the night and on

subsequent nights. However. the Committee does not have sufficient research data at its

disposal to develop these assumptions more fully.
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In questionnaire-based studies of self-reported long-term effects (such as dimin-

ished sleep quality and night-time noise-related annoyance), a one-year assessment

period is typically used. The Committee is not aware of any research that has looked at

the specific effects that noise events with relatively very high SEL or LAnlax values have
on such self-reported parameters. The Committee cannot therefore make any scientifi-

cally justified statement about such effects.

4. 2, 7 Conclusion

Although little is known about how sleep is affected by exposure to noises with unusual
characteristics, the Committee believes that it is reasonable to assume that the effects of

exposure to some 'special' types of noise are greater than the effects of exposure to

'ordinary' traffic noise. The Committee is of the opinion that the conclusions of the
1997 Health Council report Assessing Noise Exposure for Public Health Purposes

remain valid in relation to noise with low-frequency components, low-frequency noise,

tonal noise and impulse noise. The adjustment factors that need to be applied to the

exposure indexes are given in Annex F. However, where noise from industrial activities

is concerned, data published since 1997 indicates that the application of an adjustment

factor is no longer justified. The Committee is unable to make any definitive statement
regarding the possibility that occasional, very loud noise events may have more far-

reaching consequences.

4.3

4.3. 7

Efficiency and effectiveness of the acoustic insulation of homes

Data

In the Netherlands, there have only been a number of isolated studies into the efficiency

and effectiveness of acoustic insulation in the reduction of perceived road and aviation

noise levels, or into people’s views regarding such insulation114-119.

Bitter et at looked at the effects of fitting additional acoustic insulation to flats
beside busy motorways in Dordrecht114 and Amsterdam115. A survey of residents 2.5

years after the modifications were made revealed that half the people living in the flats
were no longer annoyed by night-time road traffic noise.

Van Dongen er a/116 carried out an exploratory study into sleep quality in homes fit-

ted with additional acoustic insulation in the vicinity of Amsterdam’s Schiphol Airporl.
Comparative analysis revealed that self-reported sleep disturbance and self-reported

high sleep disturbance were slightly lower in the better-insulated dwellings than in 'ordi-

nary’ dwellings. However, the design of the study precluded the drawing of definitive
conclusions.
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Three reports were published between 1994 and 1999t17-119 regarding people’s gen-

eral views concerning modifications made to homes near Schiphol with a view to reduc-

ing aircraft noise-related problems. Some 85 per cent of subjects reported that the

insulation had reduced noise-related annoyance indoors. Nevertheless. people in more

than 55 per cent of the homes continued to experience at least slight noise-related

annoyance, and people in 15 per cent of the homes reported experiencing high annoy-

ance since the modifications were made. The distribution patterns of both overall and
night-time levels of aircraft noise-related annoyance were clearly seasonal: on (cold)

winter nights, 10 per cent of subjects often or always experienced annoyance during the
sleep period, compared with 40 per cent on (warm) summer nights. The differences

were closely related to the use of windows: only 25 per cent of respondents said they

slept with the bedroom window at least slightly ajar in the winter, whereas 70 per cent
did so in the summer

Almost no research into the efficiency of domestic acoustic insulation has been done

in other countries either, the exceptions being studies by Fidell and Silvati120, Utley121
and Minoura122

Fidell and Silvati120 investigated what effect the fitting of insulation to attenuate avi-
ation noise had on levels of annoyance. However, they did not look specifically at

annoyance during the sleep period.

In the UK, an extensive study was done to establish how effective extra acoustic

insulation was in reducing exposure to road traffic noise121. In the specially insulated

homes, approximately a quarter of subjects u’hose bedrooms faced the street reported

being very highly or highly annoyed by night-time road traffic noise; a similar number
had difficulty getting to sleep because of the noise, and more than a quarter ofrespon-

dents said they were woken up at night by road traffic noise. The results proved to be

influenced to a considerable extent by whether the subject felt that, without the window
open, his or her bedroom was too hot in the summer: 37 per cent of those who felt

unable to sleep with the window closed in warm weather were very highly or highly
annoyed by night-time road traffic noise, whereas only 15 per cent of those who didn't

mind having the window closed experienced similar problems.

Minouri investigated the situation in the vicinity of a US air base on a Japanese

island, with a view to determining how effective additional acoustic insulation was in an

area with a very high aircraft noise exposure. Because the circumstances on the island

are quite unlike any in the Netherlands, the findings – which indicated that the insulation

was disappointingly ineffective – are not transferable to the Dutch situation.

In an interview-based study of 1242 households in the Netherlands, Leidelmeijer

and Marsman99 investigated the audibility of and annoyance associated with noise from

neighbours during the day and at night. The researchers distinguished between five

types of noise: noise from sanitary fittings, contact noise, noise from audio equipment,
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do-it-yourself (DIY) noise and noise from pets. Further distinctions were made accord-

ing to the part of the house where the noise was audible or caused annoyance, and the

time of the day or night. Subjects proved least tolerant of noise from their neighbours

that was audible in the master bedroom. Where each of the five investigated types of

noise were concerned. roughly 10 to 15 per cent of subjects indicated that they felt it

was unacceptable for the noise to be audible during the day. In each case, a higher per-

centage said the noise should not be audible in the evening, and a still higher percentage

did not want to hear the noise at night (between 11 pm and 7am). Overall, nearly 30 per

cent of subjects said that sanitary fittings should not be audible at night, while approxi-

mately 50 per cent felt each of the other four types of noise were unacceptable by night.
Subjects were also asked whether they could hear voices from neighbouring homes

While the percentage ofaftlrmative answers varied according to the type of dwelling.

ordinal)' speech was to some extent audible in an average of 35 per cent of dwellings,

and pmlially or readily comprehensible in approximately 8 per cent of dwellings. Raised

voices could be heard, at least some to extent, in approximately 65 per cent of dwellings;

they were at least partially comprehensible in 27 per cent of homes and readily compre-

hensible in approximately 10 per cent.

In 1993. Kranendonk er al produced a synthesis of the research conducted up to that

point in time into the annoyance associated with noise from neighbourslc)o. TNO later
produced a reportl01 on neighbour-noise and acoustic insulation based on the findings of

a questionnaire-based survey of the residents of six hundred homes. They established

that nearly half of the respondents heard at least some noise from neighbouring dwell-

ings every day. Approximately 10 per cent of subjects found their neighbours’ noise

highly annoying. The chief causes of annoyance were loud radios, hi-fis and TVs, the

slamming of doors and footsteps on floors and staircases.

The authors of both studies concluded that, given the minimum level of acoustic

insulation required in new dwellings under the Building Decree14 (an Ilu,k value of
0 dB( A)), noise from neighbours caused high annoyance for 10 per cent of subjects and

at least moderate annoyance for 25 per cent.

4.3.2 Conclusion

From the little data available, the Committee concludes that fitting additional acoustic

insulation to homes can reduce the annoyance associated with night-time traffic noise to

some extent. It is not presently possible to quantify the benefit, however. One thing that

is clear, is that if steps are not also taken to enable householders to keep their bedrooms
cool in hot weather, the benefit of additional acoustic insulation is liable to be offset in

the summer by people opening their windows.
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In addition, the Committee considers the following points to be important for

assessment of the effectiveness and efficiency of domestic acoustic insulation and there-
fore important in the context of research in this field:
• There is a danger that fitting high-grade acoustic insulation to exterior walls in an

effort to deal with a form of noise that is much louder than other noises in the envi-

ronment will have the effect of cutting out all noises except the one that is causing

problems.

High-grade acoustic insulation against noises from external sources has implications

for inter-dwelling acoustic insulation. If the latter is only of a moderate standard, as
is frequently the case in the Netherlands, noises from neighbouring dwellings (sani-

tary facilities, TV. radio, kitchen noises, people going up and down stairs, parties.

rows, voices) becomes much more apparent, potentially leading to social tensions.

Many people like to sleep with their windows at least partially open, which negates
the effect of acoustic insulation on the exterior walls to some extent. Although there

are technical solutions for this problem, such as variable ventilation systems. that

adjust the ventilation opening in line with rising or approaching noises from outside,

they are not in widespread use

Very high levels of insulation can cause 'acoustic isolation’: cutting the householder

off from 'pleasant’ outside noises, such as birdsong and children at play. However,

the Committee anticipates that acoustic isolation is less likely to be a problem at
night than during the day.

•

•

The Committee believes that the standard of inter-dwelling acoustic insulation presently

required is not sufficient to provide protection against annoyance attributable to noise

from neighbours. Since people are a lot less tolerant of the noise their neighbours make

at night-time than of their neighbours’ evening or daytime noise, it may be assumed that

much of the annoyance associated with noise from neighbours relates to the influence of
such noise on sleep.
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Chapter 5

Answers to the State Secretary’s
questions

In this chapter, the Committee presents its answers to the specific questions posed by the

State Secretary and summarises its conclusions. The answers to the State Secretary’s

questions are based upon the information provided in chapters 3 and 4. First, however,

the Committee explains how the answers fit into the environment and health context
described in section 2.4.

5.1

5. 7. 7

General principles

Effects of exposure to noise when sleeping

In its evaluation of the consequences of exposure to noise when sleeping, the Committee

has applied the model illustrated in Figure 3. 1n this model, biological phenomena occur

in response to environmental noise because, even when sleeping, an individual still

needs to assess and process 'stimuli' from the environment. The biological responses

that are liable to occur include waking up, difficulties getting off to sleep and increased
average motility while sleeping. To some extent. these responses involve acute changes

during exposure to a noise. and to some extent they involve changes that manifest them-

selves over the course of a night (before, while and after sleeping). Such effects can be

predictors of long-term decline in health and well-being, which may or may not depend
upon the nature and duration of the exposure. It is not therefore possible to say in

advance whether a biological response to night-time noise will lead to a decline in health

or well-being.
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5. 1.2 Strength of the evidence

In order to define the degree of certainty concerning the relationship between exposure
to night-time noise and a particular effect, the Committee has defined three categories of

evidence: sufficient, limited and insufficient evidence; see Table 2. The category 'lim-
ited evidence’ is subdivided into two forms:

• A causal relationship is plausible, and has been observed to a limited extent in epi-

demiological research.

No direct link has been epidemiologically established between exposure and effect,
but there is good quality indirect empirical evidence for such a link, and the pres-

ence ofa link is plausible. Indirect evidence may be said to exist if it has been

observed that exposure has an intermediary effect, which is known from other
research to lead to the ultimate effect under consideration.

5.2 Effects of noise when sleeping

Question 1 : What are the effects (expressed in quantitative tenns as far as possible) of exposure to noise

\vhen sleeping?

Environmental noise can be divided into noise from traffic (such as air. road and rail

traffic). noise from stationary sources (such as factories and shunting yards). neighbour-

hood noise (noise from, for example, sports stadiums, racing circuit or open air events)

and noise from neighbours (contact noise. noise of audio equipment, voices). Research

into the relationship between. on the one hand. sleep characteristics and health and. on

the other. exposure to night-time noise has tended to focus mainly on road and air traffic

noise. In the following subsections, the Committee accordingly first addresses noise

from these sources, before moving on to consider noise from rail traffic and stationary

environmental sources, the neighbourhood noise and noise from neighbours.

The Committee distinguishes between biological effects and the accumulated effects

on health and well-being of exposure resulting from sleeping in an environment affected

by night-time noise. The Committee has divided effects of the latter kind into five cate-
godes: diminished sleep quality, diminished general well-being, impaired social con-

tacts and concentration, medical conditions and reduction in life expectancy.

5.2. 7 Biological effects of road traffic noise and aviation noise

Biological effects can be divided into acute (immediate) effects and effects that occur

over the course of a night (before, while and after sleeping).

92 The Influence of Night-time Noise on Sleep and Health



Acute biological effects

Noise during the sleep period induces an immediate response from the body. The effects

that have been observed to take place in direct response on noise events that occur while

the subject is sleeping are listed in Table 9. There is sufficient evidence for a causal rela-

tionship between each of these effects and night-time noise events.

Table 9 Acute biological effects for which there is sufficient evidence of a causal relationship with night-
time noise (see Table 1 for terminological definitions).
Effect

Cardiovascular change‘

Sleep stage change. from deeper to less deep sleep

EEG awakening

Motility
Onset of motility

Subject-registered awakening

The advisory report focuses mainly on heart rate acceleration. but there is also sufficient evidence of

the induction ofvasoconstriction and acute blood pressure rises

Most of these effects have been sufficiently well studied to enable exposure-effect

relationships to be defined. Hence, it appears that effects such as EEG awakening and

increased motility first manifest themselves at indoor SEL values of approximately

40 dB(A). Noise-related subject-registered awakening is liable to occur at SEL values of

55 dB(A) and above. These values are valid for adults; insufficient data is available to

enable the definition of relationships for children. It is assumed that night-time noises

can induce acute changes in the (stress) hormone concentrations in a sleeping subject’s

blood, but this has not been proven. Such changes cannot easily be studied in a field sit-

uation, because it would involve the use of invasive test techniques.

Effects before, while and after sleeping

Numerous biological effects over a night (before, while and after sleeping) have been

observed in epidemiological research. Some of these relate directly to the acute

responses: raised average heart rate, increased motility, more frequent subject-registered

awakening, and longer waking intervals (as registered on a sleep EEG). The level of

average motility observed in people who are exposed to night-time road and air traffic

noise appears to be greater than might be expected on the basis of the acute responses

alone. Average motility is closely related to waking up more frequently, diminished per-

cei\’ed sleep quality and increased drowsiness during the day. Furthermore, people who
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when trying to get to sleep are exposed to road or air traffic noise, or are worried about
the possibility of being disturbed by noise in the night ahead. have more difficulty get-

ting to sleep. The effects that manifest themselves after a sleep period are reduced per-

ceived sleep quality, increased irritability and rise of drowsiness and tiredness during the

day. There is therefore sufficient evidence of a causal relationship between noise and all
these effects

There is limited direct evidence that under certain circumstances exposure to night-

time noise can influence (stress) hormones levels in sleeping subjects: this effect was

observed in women who were troubled by noise in the night and unable to take correc-

tive action. However, more definitive conclusions regarding the influence of noise on

(stress) hormone levels must await the availability of further research data.

The exposure-related biological effects over the course of a night are listed in

Table 10. For each effect, the table indicates the strength of the evidence for the exist-
ence of a causal relationship between exposure and effect. and the plausibility of the

effect being indicative of a negative influence on health and well-being.

Table / 11 Biological (physiological and psycho-physio]ogical ) effects observed after chronic exposure over numerous nights. indicating

the strength of the evidence for a causal relationship u'ith exposure to road and air traffic noise and the plausibility of the effect being
indicative of an influence on health and well-being

Variable Strength of the evidence Plausibility of influence on

health and well-being

Plausible

Plausible

Enrpirical data

Change in cardiovascular activity

Increased average motility ( mod lily)

Changes in duration of various stages of sleep. in sleep

structure. fragmentation of sleep

Prolongation of the sleep inception period. difficulty
getting to sleep

Changes in (stress) hormone levels

Immune functions

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

Drowsiness /Tiredness during the day and evening

Impaired cognitive performance

Increased irritability

Annoyance

Sufficient evidence

Sufficient evidence

Sufficient evidence

Sufficient evidence Plausible

Limited evidence. plausible

Insufficient evidence

Sufficient evidence

Sufficient evidence

Limited evidence. plausible

Limited evidence, plausible

Limited evidence. plausible

Plausible

Empirical data

Empirical data

Plausible

Plausible

Plausible

5.2.2 Consequences for health and well-being

Road and air traffic noise

The Committee's conclusions regarding the relationships between exposure to night-

time road and air traffic noise when sleeping and changes in health and well-being are
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summarised in Table 11. The effect parameters which the Committee has grouped under

the five categories listed in the first column are specified individually and in each case

an indication is given of the strength of the evidence for a causal relationship between

the effect parameter in question and night-time exposure to noise when sleeping.

Table // Effects on health and well-being of prolonged exposure to noise during the sleep period

Effect parameter Evidence

Reduced perceived sleep quality Sufficient evidence

DifTicu]ty getting to s]eep. difficulty Sufficient evidence

staying asleep

S]eep fragmentation, reduced sleeping
t11ne

Increased average motility when

sleeping

Sleep disturbance

Health problems

Use of somnifacient drugs and sedatives

Increased daytime irritability

Impaired social contacts

Impaired cognitive performance

Insonrnia

Hypertension

Depression (in women)

Cardiovascular disease

Occupational accidents

Sleep quality

Sufficient evidence

SuffIcient evidence

Well-being Sufficient evidence

Sufficient evidence

Sufficient evidence

Limited evidence, plausible

Limited evidence. plausible

Limited evidence. plausible

Sufficient evidence

Limited. indirect evidence, plausible

Limited. indirect evidence. plausible

Limited. indirect evidence, plausible

Limited, indirect evidence, plausible

Social contacts and concentration

Medical conditions

Reduction in life expectancy (premature

mortality)a

Cardiovascular disease also involves the loss ofhealthy life expectancy. However, no account has been taken here of the lost life-
years. since there is only linrited evidence for a causal association between cardiovascular disease and exposure to night-time
noIse

With regard to the long-term health and well-being implications of exposure to
night-time noise during the sleep period, the Committee's overall conclusion is that
there is sufficient evidence that such exposure leads to reduced sleep quality and

reduced general well-being, and limited evidence that it leads to impaired social contacts

and concentration, increased probability of developing medical conditions and reduced

life expectancy due to fatal occupational accidents.

Rail traffic and stationary environmental sources

Epidemiological research into the effects of rail traffic noise has been confined to self-
reported sleep disturbance, changes in sleep EEG and motility. At a given noise expo-
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sure, rail traffic noise is slightly less likely to induce these effects than road traffic noise

or aviation noise. Although there is no direct evidence that rail traffic noise has any

other effects. the Committee considers it plausible that other effects can occur, although

the relationship between noise exposure and observation thresholds may not be the same
as where road or air traffic noise are concerned

No epidemiological research has been carried out into the consequences of exposure

to night-time noise from stationary environmental sources. However, laboratory
research has indicated that the effects of individual noise events associated with station-

ary environmental sources are essentially similar to the effects of events associated with

road and air traffic noise. Lack of epidemiological research data prevents the Committee

from drawing any definitive conclusions regarding the effects of continuous noise from

stationary environmental sources.

Neighbourhood noise and noise from neighbours

Inventory research in the Netherlands indicates that sleep disturbance attributable to the

most annoying forms of neighbourhood noise and noise from neighbours (contact noise
and human noises in the environment) is on a similar scale to disturbance attributable to

the most annoying sources of road traffic noise (mopeds and passenger cars). It is rea-

sonable to assume that chronic sleep disturbance is in the long term liable to have conse-

quences for health and well-being. The sound pressure level and other noise
characteristics are liable to determine the nature of the influence to some extent. but cer-

tain other factors play a more prominent role than is the case with traffic noise. These

factors include appreciation of the noise and of the party responsible for the noise, as

well as the hearer’s personal circumstances. However, scientific understanding of the

relative importance of and interaction between acoustic and non-acoustic factors is not

sufficient for the Committee to draw any definitive conclusions regarding the relation-

ship between. on the one hand, exposure to night-time neighbourhood noise and noise

from neighbours and, on the other, health and well-being.

5.3 Public health perspective

Question 2: How do such effects compare with other effects on health, in terms of seriousness and magni-

aIde?

The Committee assumes that what the State Secretary is interested in is the magnitude of

the effects within the Dutch population. The Committee has estimated the consequences

of exposure to night-time traffic noise on the health and well-being of the Dutch popula-

tion in terms of self-reported high sleep disturbance and insomnia. The Committee’s
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estimates are based on the cumulative noise exposure associated with road, rail and air

traffic in 2003 ( Annex G). Because the calculations inevitably involve considerable

uncertainty, the results should be regarded as merely indicative.

The number of adults in the Netherlands experiencing high sleep disturbance due to
traffic noise in 2003 has been estimated at between a hundred thousand and a million.

The increase in the number of adults suffering from insomnia attributable to exposure to

night-time traffic noise is put at between ten thousand and a hundred thousand. The
number of people suffering from insomnia caused by traffic noise is 2 per cent of the

people with high sleep disturbance.

For the year 2000, the RIVIVI has estimated separate Lnight values for the noise

exposures attributable to road traffic, rail traffic and air traffic15. On the basis of this
data, the Committee has calculated that the number of adults in the Netherlands experi-

encing self-reported high sleep disturbance due to noise from each of these three types

of traffic in that year was between a hundred thousand and one million. The increase in

the number of people suffering insomnia attributable to road traffic noise and rail traffic
noise is in each case estimated at between one thousand and ten thousand, while the cor-

responding figure for aviation noise in the general vicinity ofSchiphol Airport is
between a hundred and a thousand people.

In recent years, there has been considerable focus on quantifying the collective disease
burden attributable to environmental factors. One initiative in this area has been the

introduction of the DALY as a unit of measurement. In response to questions posed by
the State Secretary for Housing, Spatial Planning and the Environment, the Health

Council is to prepare a separate advisory report on the issues associated with the use of

DALYs. On the basis of information from a thesis by De Hollander and noise data pro-
vided by the RIVM (see Annex G), the Committee concludes that the disease burden

associated with high sleep disturbance by night-time traffic noise in the Netherlands is
several tens of thousands of DALYs. The corresponding figure for insomnia is certainly
considerably lower. Although these estimates involve considerable uncertainty, they

would appear to indicate that. through its influence on sleep. night-time traffic noise
accounts for an important part of the overall effect that the physical environment has on

public health.
By quantifying effects in DALYs, the effects of night-time traffic noise on health

and well-being can be compared with the effects of other physical environmental fac-
tors. However, the Committee wishes to emphasise that a cautious approach should be

taken. since there is considerable uncertainly about many of the estimates.
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5.4 Risk groups

Question 3: is it necessary to take special account of any population groups that are at particular risk?

As indicated in Chapter 3, the consequences of a given level of exposure to night-time
noise when sleeping vary from person to person. The question therefore arises, is it pos-
sible to identify certain groups that are at increased risk? The Committee believes that

there are some population groups whose health and well-being are more likely to be

affected than others. This belief is based on extrapolations from what is known about

sleep disorders and sleeping problems as they generally occur in the population at large,

since very little of the research that has been done into the effects of night-time noise

exposure has shed light on the risk factors affecting particular groups.
Although the strength of the evidence found by the Committee is limited, it does

appear that people with cardiovascular problems, people who regard themselves as par-
ticularly sensitive to noise. and children may all be particularly sensitive to the acute

cardiovascular effects of exposure to night-time noise. Because of the shortage of
research data on children. it is not possible to say with confidence whether children are

more sensitive than adults to other acute biological effects.

Where effects over the course of a night are concerned, people who suffer from

insomnia constitute a risk group. People who during the sleep latency period worry

about environmental noise need longer to get to sleep and perceive the quality of their
sleep to be diminished

Although there is no direct evidence, the Committee believes that adults n’ho suffer

from insomnia or another sleep disorder or who have another sleeping problem that

causes them to wake up frequently in the night are more likely than 'sound sleepers’ to
suffer annoyance due to night-time noise reaching their bedrooms. The Committee also

considers it plausible that there is an increased risk that the health and well-being of the

following groups of adults will be adversely affected by exposure to night-time noise:

older people; pregnant women and women who were pregnant within roughly the last

year: people who work night shifts; people affected by physical pain, dementia, depres-

sion, hypertension, cardiovascular disease or respiratory illness. No research has been

carried out into the relative risk of exposure to night-time noise having adverse conse-

quences for the health and well-being of children.

98 The Influence of Night-time Noise on Sleep and Health



5.5 Protection against night-time noise

Question 4: in view of the effects referred to. would it be advisable to introduce special rules, similar to

those contained in Directive 2002/49 and the Aviation Act. for night-time noise from sources other than air

traffic?

The Committee has been able, in its answers questions 1 to 3 (concerning the influence

of noise on health), to comment regarding the influence of road and air traffic noise, and

to a very limited extent regarding the influence of rail traffic noise and industrial noise,
but has not been able to comment regarding the influence of noise from stationary

sources, neighbourhood noise or noise from neighbours. Nothing can be said regarding

noise from the latter group of sources in answer to question 4 either.

5. 5. 1 Two noise indexes

There is no decisive medical reason why road traffic, rail traffic or industrial activities

should be treated differently to air traffic in the context of night-time noise regulation. In

its 1997 advIsory report Assessing Noise Exposure for Public Health Purposes, the

Health Council put forward a system of two noise indexes for use in protection of the
general public against traffic noise and industrial noise in the domestic environments.

The Committee sees no reason to depart from its predecessor’s recommendations. As

indicated in the 1997 report, an index of exposure to noise over a twenty-four-hour

period needs to reflect general noise-related annoyance, while an index of exposure to

night-time noise should be related to sleep disturbance. The desirability of a two-index

system is emphasised by the summary given in Chapter 3: the effect mechanisms of and

consequences of exposure to night-time noise differ at least in part from those associated

with general noise-related annoyance.

The approach currently recommended by the European Union involves the applica-

tion of the noise indexes Lden and Lnighl (see section 2.2). In essence, this approach

closely matches that put forward by the Health Council’s 1997 report8. Again. one might
ask whether it would not be sufficient to work with a single index, Lden . for all sources
of noise. After all. Lden does make allowance for night-time noise, even attaching an

additional weighting factor to nocturnal values. FurThermore, the regulation of sound

pressure levels on the basis at Lden would imply limiting Lnight to a value 5 dB( A) or
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more lower than Ldelr- . However, by using a two-index system, one can apply separate
criteria to general noise-related annoyance and sleep disturbance, each tailored to the

effects in question. This makes for more transparent regulation and, particularly in situa-

tions where high values of Lden are permitted, to more effective protection**.

5. 5. 2 Shortcomings of the index for night-time noise

Although, as indicated above. the Committee favours Lnight as the index for night-time
noise, this expression does have certain shortcomings.

If exposure to noise is the decisive factor influencing sleep, then the noise exposure

in a person’s bedroom is the variable that is most closely related to the effects of expo-

sure. A number of examples are given in Chapter 3 to illustrate this point. Although the

Building Decree14 makes certain requirements regarding the noise-attenuating proper-

ties of the walls of new dwellings. and thus makes indirect requirements regarding the

indoor noise exposure, the rules do not apply to existing homes. Consequently. at a

given outdoor noise exposure, there is considerable variation in the noise exposures that

people actually experience in their bedrooms. The picture is further complicated by dif-

ferences in people’s attitude to bedroom ventilation. Hence, the actual noise exposure

and the magnitude and seriousness of the associated effects can vary substantially at a

given Llright value.

It is also important to recognise that the nation's sleeping times vary sharply, and
that most people – especially younger people – have a different sleeping pattern at the

weekend from the one they follow during the week. It is estimated that approximately

15 per cent of adults in the Netherlands go to sleep before 11 pm. and 50 per cent sleep

beyond 7am. Therefore. because Ltright relates to the period from llpm to 7am, it by no

means covers the sleeping times of the entire population. Hence. no requirement based

on Lnight can ever provide full protection against sleep disturbance.

Despite the shortcomings highlighted here, the Committee does not advocate the use

of an alternative index, because it is unrealistic to suppose that any regulatory method

could address every conceivable factor. Furthermore. it is the Committee’s view that a

regulatory system based on the use of Lnight (in addition to L(len) can provide consider-

able protection against exposure to noise when sleeping. Just how effective such a regu-

latory system actually is will obviously depend on the Ln ight -based standards and limits
that are defined.

In the most extreme case, where a11 noise occurs between 11 pm and 7am, Lden would be 5 dB( A) higher than Lnight
(Lnight = x, Lden = 10+lg[8/24+10++((x+10)/10)] = x + 5 (dB(A)). Under all other circumstances, LIli gIlt would be more
than 5 dB( A) lower than Lden
Such as additional acoustic insulation for bedrooms
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5.6 Indexes for night-time noise

Question 5: if so, is it sufficient for such rules to be based on bright . or are additional indexes of exposure

required, u'ith a view to regulating impulse-like noises and situations involving relatively infrequent but

high-intensity noise events?

This question may be divided into the following two elements:
• is Lnight an adequate sole exposure index for noise with no special characteristics?

• Should any additional indexes be used for the regulation of noise with special char-

acteHstics or in special situations?

The Committee’s answers are based upon the deliberations set out in, respectively.
section 4.1 and section 4.2

5.6. 7 Lnight as an index of exposure

The question is, would protection be enhanced by regulating not only Llright values, but
also individual noise events? One might, for example, impose a lllaxil11 unI sound pres-

sure level for a noise event or limit the lltlnrber ofnoise events per night. As indicated in

section 4.1, the Committee considers it inappropriate to impose a maximum sound pres-

sure level. The reason being that. for a given Lnight value, situations characterised by

numerous events with relatively low SEL or L.4 ina.I values are generally more likely to

be problematic than situations involving smaller numbers of events with higher SEL or
L/llrrax values.

The llrol'e noise events a person is exposed to per night, the greater the chance is that

he or she will happen to hear one of the noises after waking up 'spontaneously ’, and then

have trouble getting back to sleep. This may help to explain the prevalence of sleep dis-
turbance. and could justify limiting the number of noise events per night. As indicated in

subsection 3.2.4, in an extreme case it is theoretically possible that someone could hear
a passing car, plane or train car ten times in the night without the associated noise being

the cause of the person waking up. The Committee believes that calculations could theo-

retically be made regarding these matters. but does not believe that there is presently

enough detailed data available for anything better than rough estimates.

5. 6. 2 Adjustment of Lnight for special noises

As indicated in section 4.2, the Committee considers the following 'special' noises to be

of particular relevance for the night-time domestic environment:
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• Noise with lower-frequency components (such as engine noises with deep compo-

nents)

Low-frequency noise (such as noise from transformers)
Tonal noise (such as sirens)

Impulse noise (such as the noise from low-flying military jets or gunshot noises)
Industrial noise

Noise involving sporadic high LA imax or SEL values.

Little information is available regarding the influence on sleep of exposure to noise with
special characteristics. Nevertheless, the Committee believes that in some cases the

effects of exposure to such noise are greater than the effects of exposure to 'ordinary
traffIc noise. With regard to noise with low-frequency components, low-frequency
noise, tonal noise, and impulse noise, the Committee endorses the conclusions set out in

the Health Council’s 1997 report .4ssessillg Noise Exposure for Public Health Purposes .
Hence, adjustment factors are proposed for use in the regulation of noise with low-fre-
quency components, tonal noise and impulse noise, but it has not been possible to define

an Llright adjustment factor for low-frequency noise. The values of the proposed factors
are gjven in Annex F. Where noise from industrial activities is concerned, the Commit-

tee takes the view that research published since 1997 has demonstrated that no adjust-

ment factors other than those referred to above are required.

It is not clear whether very loud sporadic noise events have any special implications

for sleep. The Committee anticipates that the probability of such events having an acute

effect (of whatever kind) is greater than the defined relationships might suggest. since
the hearer will necessarily be unused to noise events of the kind involved, and anxiety is

very likely to play a role. A single event of this kind can also have consequences for the

hearer’s quality of sleep for the rest of the night and on subsequent nights. However, the
Committee does not have sufficient research data at its disposal to develop these
assumptions more fully. In questionnaire-based studies of self-reported long-term

effects (such as awakening, diminished sleep quality and night-time noise-related

annoyance), a one-year assessment period is typically used. The Committee is not aware

of any research that has looked at the specific effects that noise events with relatively
very high SEL or L,4/max values have on such self-reported parameters. The Committee

cannot therefore make any scientifically justified statement about such effects.

5.7 Protection measures

Question 6: Could the public be protected by the use of a. performance-related or design requirements for

residential buildings. b. personal protective gear, c. rules regarding sound pressure levels outside buildings

d. rules relating to vehicles and machinery. or e. a combination of these measures?
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The Committee notes that the State Secretary does not mention publicity and dialogue as

means of achieving protection. The Committee has nevertheless included publicity and

dialogue in the response below, along with the measures that are referred to in the ques-

tion. In its response. the Committee adheres to the standard strategy used in environ-

mental management and occupational health and safety. This strategy involves first

seeking to address a problem at source (which may entail reducing the number of

sources), then exploring ways of intervening in the transfer from source to 'recipient’,

and considering recipient-oriented measures only as a final resort.

5. 7. 7 Source-oriented measures

The regulation of noise emissions from transport and industrial sources is a matter that
has received increasing international attention. The ICAO* convention, for example,

makes various provisions regarding noise production by aircraft]23'124. Newer aircraft

that meet the requirements of Chapter 3 are significantly quieter than those that merely

comply with Chapter 2**. Measures designed to reduce noise from cars and aircraft can

sometimes be undesirable in the context of reducing exhaust-related atmospheric

po11ution38. Furthermore, it is not sufficient to merely impose design requirements on
vehicles and other machinery: maintenance and monitoring are also necessary in order

to ensure that noise emissions are kept down in practice (buses are liable to become

noisy with age, for example, while mopeds and scooters are sometimes 'hotted up' by

their owners). In some cases. much more is technically possible than the regulations

require, and social preferences ( such as 4-wheel drive vehicles and wide tyres) often
negate the 'gains’ achievable through technological advancement.

5. 7. 2 Intervention in the transfer from source to recipient

Possible ways of controlling the transfer of noise from source to sleeper come under a
number of headings: town planning measures (orientation of buildings and bedrooms.
separation distances between noise sources and dwellings), acoustic screens and

embankments, covers (tunnels) and domestic acoustic insulation. The Committee has

restricted its detailed response to consideration of the last option.

An overview of published research into the effectiveness of domestic acoustic insu-

lation as a means of controlling the influence of night-time noise is presented in
section 4.3. Considering the large sums spent on fitting extra acoustic insu]ation to

homes, the Committee finds it surprising that so little research has been done into the

&

++
ICAO stands for International Ch'il Aviation Organization

Chapters 2 and 3 of Annex 16. Volume 1 of the ICAO convention
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effectiveness and efficiency of such modifications. As things stand, it is not possible to
say more than that fitting acoustic insulation reduces sleep disturbance by night-time

noise. It is clear that if steps are not also taken to enable householders to keep their bed-

rooms cool in hot weather. the benefit of acoustically efficient glazing is liable to be off-

set in the summer by people opening their windows.

Inventory research has revealed that many Dutch people are bothered by noise from

their neighbours. The Committee regards this as indicative of shortcomings in the exist-

ing standards of inter-dwelling acoustic insulation. Since people are less tolerant of the

noise their neighbours make at night-time than of their neighbours’ evening or daytime

noise, it may be assumed that much of the annoyance associated with noise from neigh-

bours relates to the influence of such noise on sleep.

5. 7.3 Recipient-oriented measures

It is possible for people to protect themselves against the effects of night-time noise by

inserting ear plugs* of various kinds (plastic foam, moulded plugs, preformed and pre-

sized plugs and mouldable plugs) into the auditory duct. Properly fitted, ear plugs can

reduce lower-frequency traffic noises by 15 dB(A) or more. Some types of plug are soft

and therefore not at all uncomfortable to use while sleeping.

Personal hearing protection can provide a solution only in specific cases. The Com-

mittee does not consider hearing protection appropriate for the general prevention of
noise-related problems in the population at large. Not only would it be impossible to
make sure that people actually used their ear plugs in the privacy of their own homes,

but wearers would in many cases be unable or less readily able to hear important sounds.

such their partners. children, alarm clocks, intruders or sirens.

5. 7.4 Publicity and dialogue

Where environmental factors that have a demonstrable adverse effect on the quality of

the human environment are concerned, it is certainly the case that publicity and dialogue

are necessary to ensure that effective and efficient action is taken to keep such effects

within acceptable bounds. Publicity involves the unilateral provision of information to

the private citizen by the government or the party responsible for the environmental fac-
tor concerned. Dialogue is a bilateral communication process that often begins with lis-

tening to the private citizen38-115'136,

In relation to the effects of noise on sleep, publicity and dialogue have two impor-
tant aspects: the provision of information about the consequences of exposure to noise

+

Headphone-style hearing protectors are not practical for use at night, and ordinary cotton wool offer no protection123
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and the two-way exchange of information aimed at the reconciliation of scientific data
with the experiences of the private citizen. as well as information about the advantages

and disadvantages of source-oriented, transfer-oriented and recipient-oriented measures

5. 7. 5 The combination of various types of measures

From what has been said in the preceding subsections, it will be clear that there is very

little research data available on the effectiveness and efficiency of protection measures.

It is not therefore possible to give evidence-based guidance on the form that any protec-
tion regime should take. Nevertheless. the Committee considers it inevitable that the

control of noise-related problems will necessitate the combination of source-oriented,
transfer-oriented and in some cases recipient-oriented measures. This is because mea-

sures of all types are difficult to realise, irrespective of how effective or efficient they

may be. In practice, cost issues come into play as well ('Who pays?’ and 'Who is best
able to afford the cost?’), as do questions regarding the quality of the planning of the

human environment. Also of relevance in this context is increasing mobility, which

tends to negate the benefits of technological advancement to some extent.

Finally, the Committee wishes to highlight the fact that noise-related sleep disturbance is

not an isolated issue. Night-time noise almost always occurs in tandem with daytime
noise. Not only do some people sleep during the day (by choice or out of necessity), but

also exposure to noise has health implications at any time. The environmental noise
issue is part of the wider debate on the quality of the human environment. The quality of

the human environment and its (positive and negative) influences on health and well-
being are determined by numerous factors (see Chapter 2). some being characteristics of

the physical environment and some being of a social or behavioural nature. However

complicated it may be to do so. this wider context should be taken into account. This

underlines once more the importance of dialogue.

5.8 Recommendations for further research

In his letter. the State Secretary did not enquire regarding problems relating to research
into sleep. health and noise. While the Committee does not therefore see the definition

of a research programme as pall of its remit, it is felt appropriate that this advisory report

should be concluded with a summary of the most important gaps in knowledge pre\'i-

ously highlighted.
The 2002 Actieprogramma ge:ondheid en milieu, uitwerking van een beteids\’er-

sterking (Environment and Health Action Programme, the Practical Reinforcement of
Policy) concluded that, in the Netherlands as elsewhere, research into the relationship

Answers to the State Secretary's questions 105



between environment and health needed fresh impetus. The Action Programme identi-

fied a number of themes concerning which more scientific knowledge was required, and

placed the themes in a general order of priority. In this context, the Health Council was
asked to advise on an environment and health research programme38. In the resulting

advisory report, the Council highlighted the main gaps in knowledge regarding the inf:lu-

ence that environmental factors have on health, and made recommendations regarding

the research and reporting activities necessary to close those gaps. One of the themes

addressed was exposure to noise. The report concluded that, in terms of their health

implications, the themes exterior atmosphere, noise and indoor environment were of

particular importance. The gaps identified in knowledge regarding the consequences of

exposure to night-time noise were the effect that the level of insulation and the position

of a person’s bedroom have on the relationship between night-time noise exposure and

consequences for health and well-being, the effectiveness of acoustic insulation on noise

exposure and sleep disturbance, and the relationship between night-time road traffic

noise exposure and effects on sleep and health. The present Committee feels it appropri-

ate to elaborate on the research requirements referred to in the earlier report by high-
lighting the need for the following:

• Research into the long-term consequences of exposure for health and well-being,
distinguishing between the effects associated with the noise exposure when sleep-

ing, and those associated with the noise exposure during the daytime and evening.

Most studies into effects such as hypertension, ischemic cardiovascular disease in

adults and reduced cognitive performance by children have concentrated on rela-

tionships with daytime (and evening) noise exposure. However, recent research sug-

gests that night-time noise and its effects on sleep and when sleeping play a much

more significant role82’95-128. Knowledge regarding such matters is particularly
important for the formulation of intervention policies
Research into the effects of night-time noise on children. Almost nothing is known
about this subject. In the near future (summer 2004). the findings of the European

research project Road tra.(nc and AircrQft Noise exposure and children ’s Cognition

and Health (RANCH) are to be published. RANCH is a field study looking at the

relationship between, on the one hand, exposure to road and air traffic noise in the

domestic environment and at school and, on the other, cognitive performance, blood

pressure, general health, annoyance and sleep disturbance. It is not designed to shed

light on the biological consequences in children of exposure to noise when sleeping.

It is, however, expected to yield information about children’s self-reported

responses to night-time exposure to noise.

Questionnaire-based or field research into insomnia caused by exposure to night-
time noise, making use of clinical concepts. Such research would serve to bring

together medical and environmental health expertise relating to insomnia

•

•
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• Research into the efficiency and effectiveness of acoustic insulation between dwell-

ings and on or in exterior walls. Also of importance in this context is the position of

the bedroom relative to the noise source and the influence of people's behaviour on

the efficiency and effectiveness of insulation.

Research into the effects of neighbourhood noise and noise from neighbours. Such

research should be placed within the wider setting of research into the quality of the
human environment.

Where the initiation of research is concerned, it is desirable to seek international align-

ment, as recommended by the Health Council in its report Environmental Health :

Research for Polic\'.
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Annex A

The State Secretary’s letter

The President of the Health Council received the following request from the State Secre-

tary for Housing. Spatial Planning and the Environment in a letter dated 3 February
2003, reference no. LI\4V 2003003076.

I am writing to ask the Health Council to prepare an advisory report on exposure to night-time noise. The

background to this request is outlined below. Following the outline, you will find a list of the specific ques-

dons that 1 wc>u]d like the Council's advisory report to address,

Background

In several earlier reports. the Council has directly or indirectly addressed the issue of night-time noise. To a

certain extent. therefore. this request is prompted by the possibility that new information may have become

available, which can confirm or shed neu' light on advice given in the past.

In its first report on this topic in 1972, the Council unequivocally stated that -Sufficient undisturbed

sleep is extremely important to health.’ in 1991, the Council turned its focus specifically to the question of

aircraft noise in a report that u’as prompted by the heated debate then in progress concerning the proposed

expansion of Maastricht Airport (Airplane noise and sleep. Sleep disturbance by airplane noise at night)

The conclusion of the latter report was that ' Although not all the results lend themselves to clear interpreta-

tion, the indications are that the regular disturbance of sleep by noise has an adverse effect on health and

well-being,

The very thorough advisory report Noise and Health ( 1 994) stated that there was sufficient evidence to

attribute a number of phenomena to exposure to noise when sleeping. The phenomena in question were
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changes in heart rate, changes in sleeping pattern. awakening, sleep stage changes and changes in the sub-

jective quality of sleep. In relation to each of these effects. •observed effects levels' – exposure levels at and

above which effects were demonstrable – were calculated from the published data, Where other phenomena

were concerned. the evidence for a causal relationship u-as less convincing. or an observation threshold

could not be calculated

The advisory report Assessing Noise Exposure for Public Health Purposes (1997) recommended that

the index LAcq (covering an eight-hour overnight period) should be used when assessing (the seriousness

of) night-time exposure to noise. However, the exposure-response relationships presented in the report for

sleep disturbance and awakening attributable to traffic noise and noise from stationary sources were quan-

fied as 'provisional ’.

Finally, the advisory report entitled Public Health Impact of Large .4irpol-IS ( 1999) devoted consider-

able attention to the question of sleep disturbance. Although on the basis of recent research the Council

described the evidence for a causal relationship between exposure to night-time noise and changes in stress

hormone levels as limited, it was felt that there was sufficient reason to view sleep disturbance as a 'moder-

ately serious’ effect on health, similar to increasing respiratory illness. It was estimated that 'a considerable

proportion of exposed individuals’ \vere affected

Recent developments

This request leads on directly or indirectly from a number of recent developments

' The European Directive 2002/49 relating to the assessment and management of environmental noise

(2002 )* has been published, defining a separate index of night-time exposure to noise: the L.Aug for an

eight-hour period {Lllighr). This index should at least be used for the compulsory strategic noise maps

The European Commission has completed a study of dose-effect relationships for the Ln iEht

The question of how best to quantify night-time exposure has also become topical in the context of the

modernisation of the noise regulation policy Tool set

In November 2002. the results of the field study of aviation noise-related sleep disturbance in the vicin-

ity of Schiphol Airport** \vas published: a number of relevant studies have been reported by research-

ers in other countries

+

##

###

Position paper on dose response relationships between transportation noise and annoyance, Luxembourg: Office for Offi-
cial Publications of the European Communities, 2002. ISBN 92-894-3894-0. European Communities. 2002
Sleep disturbance by aviation noise, TNO/RIVM, 2002

Epidemiological research on stress caused by road traffic noise and its effects on health 1 - Results for hypertension, Mas-
chke, UBA, 2002

Nachffluglarmwirkungen, Forschungsbericht 26. DLR, Grezner, 2001
++++
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Specific questions

In view of the matters outlined above. I would like the Council to respond to the follou’ing questions in its

advisory report

1 What are the effects (expressed in quantitative terms as far as possible) of exposure to noise when

sleeping?

How do such effects compare with other effects on health. in terms of seriousness and magnitude?

Is it necessary to take special account of any population groups that are at particular risk?

In view of the effects referred to. would it be advisable to introduce special rules. similar to those con-

tained in Directive 2002/49 and the Aviation Act. for night-time noise from sources other than air traf-

fic?

If so, is it sufficient for such rules to be based on Ln i gIrl . or are additional indexes of exposure required,

with a view to regulating impulse-like noises and situations involving relatively infrequent but high-

lntenslty noise events

Could the public be protected by the use of a. performance-related or design requirements for residen-

tial buildings. b. personal protective gear. c. rules regarding sound pressure levels outside buildings. d

rules relating to vehicles and machinery, or e. a combination of these measures?

7

3

4

5

6

Timetable

I would be very grateful if the Council could present its advisory report in autumn 2003 or thereabouts

Yours sincerely,

( signed)

PLBA van Geel.

State Secretary for Housing. Spatial Planning and the Environment
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Annex C

Individuals and bodies who responded to
the request for information

A letter was sent to more than fifty bodies with an interest in the subject matter concern-

ing which the State Secretary had asked for advice. In addition, an advertisement was

placed in the Government Gazette of 22 July 2003, inviting interested parties to submit

any information that might be of value in the compilation of the advisory report.

Written responses were received from the following individuals and bodies:
• Greater Rotterdam Regional Health Service, General Healthcare Sector, Environ-

ment & Hygiene Department, R van Doorn
Achterhoek Regional Health Service, CH Capel

JJM Veraart, in a private capacity

Kop van Noord-Holland Regional Health Service, JE de Leeuw den Bouter

Noord-Kemremerland Regional Health Service, J Paulisse. enclosing a report end-

tled Getuidhinder en slaap\erstoring in Noord-Kennemertand LNoise-Related

.4nllo\'ance and Sleep Disturbance fn Nool'd-Kennenrer-tandy OMNIBUSONDER-
ZOEK 2000
Amsterdam Airport Schiphol. Business Unit Airlines, M Bouwmeester, enclosing a

final draft report entitled Non-audit013’ Health Effects of Aircraft Noise With Special
Reference to Sleep Disturbance .

•

•

•

E-mail responses were received from the following bodies:
• Northern South Holland Regional Health Service, M Mooij
• IPO BOA(J. J Witteman
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•

•

Groningen Municipal Health Service, M Denekamp

DCMR Rijnmond Environmental Service, Noise Bureau, RG de Jong
ANWB, Department for Members’ General Interests, P Clausing, enclosing a report

entitled Getuidbelasting in het Centraal I’e/lot's gebied (Noise Exposure in the Cen-
!raI VeInive Area)
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Annex D

Research into the consequences of
night-time exposure to environmental
noise when sleeping

D.1 Introduction

This annex contains a more in-depth review of studies that have been conducted into the
effects of night-time noise. The annex’s division into sections reflects the stlucture of

the main body of the report. Thus, the annex deals in turn with research into the acute
biological effects of exposure to noise when sleeping, research into biological effects

over the course of a night (before, while and after sleeping) and research into the conse-
quences for health and well-being of chronic exposure to night-time noise.

Tables 12 to 14 list the effect parameters, the technique used to measure them and a
selection of references to research reports. Where biological effects are concerned, dis-

tinction is made in the references between field research and laboratory research.
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Table /2 Acute biological effect parameters.
research

Variable

the technique used to measure them and a selection of references to field and laboratory

Measurement technique Field research references Laboratory research

references (selection)

64-67Probability of acute cardiovascular changes

Probability of acute changes in stress hon
mone concentrations in the blood

Probability of sleep stage change. from
deeper to less deep sleep, including EEG
awakening

Probability of motility (onset )

Probability of subject-registered awakening

ECG, plethysmography 58, 129

Immediate blood sampling

Polygraphy (EEG, EM(i,
EOG )

48, 130- 1 32 48

Actimetry

Pressing a button

12,50.5 1 ,77-79,96, 1 33

12.49.50.52.134.135

Table /3 Biological effect parameters relating to the course of a night (before. while and after sleeping), the technique used to measure

them and a selection of references to field and laboratory research,

Variable Measurement technique Field research references Laboratory research

references (selection)

Prolongation of the sleep inception period.
difficulty getting to sleep

Changes in cardiovascular activity

Change in average motility during the sleep
period

Changes in the duration of the various stages

of sleep. in sleep structure. fragmentation of

sleep

Changes in (stress) hormone concentrations

Polygraphy (EEG, EM(i
EOG ). actimetry, journal

ECG, plethysnrography

Actimetry

12,75 136, 137

141-14670.131.132,138-140

12.66.75.79

Polygraph)' (EEG EMG
EOG). actimetry

59.70-73 136.137.140.141

Blood. saliva and urine sam- 82,82,140,147-154 153.
pling 1 55-1 63

Changes in immunological parameters

Recalled frequency of awakening and prema-

ture awakening by noise

Self-reported sleep quality, self-reported
sleep disturbance

Drowsiness/tiredness during the day and

evenlrlg

Cognitive performance

Irritability

Annoyance

84-87

74.129.164- 166.75.76.167,

47.150

Journal and actimetry 12.51.66,75.96

Journal 12, 17.147.168,169

Test. journal 12.17.147

Test

Test. journal
Journal

12.17.147,70

17, 147

12, 17, 147
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Table /4 Parameters studied in field and questionnaire-based research into the influence of chronic exposure to night-time noise on
health and well-being.

Variable

Sleep qualin\ reduced perceived sleep quality, diffi-
culty getting to sleep, difficulty staying asleep. sleep

fragmentation, reduced sleeping time, increased motH-

ity when sleeping

Well-being: self-reported sleep disturbance. self- Questionnaire, test

reported health problems, use of somnifacient drugs

and sedatives, daytime irritability

St )cial ct)nTucts and concentration : impaired social con- Questionnaire, test

tacts, impaired cognitive performance

Medical conditions-. insomnia, other investigated ill-
nesses and medical conditions

Measurement techniaue

Questionnaire. journals, actimetry

Field research references

12.12,17.51 ,66,75.79.80.96,96,147.

168, 169

] 2,51 ,66,75,97.168.169

12l17966l70) 147

N4edical exanrination. questionnaire 12.89.1 70

D.2

D,2. 1

Acute biological effects

Autonomous cardiovascular responses to noise events

Acute cardiovascular responses include raised (systolic) blood pressure, constriction of
the blood vessels in the limbs and elsewhere, and accelerated heart rate. In this review,

the Committee has restricted itself to acute heart rate accelerations in response to noise.

The Committee is aware of only two field studies, both relating to road traffic

noise58’129. Laboratory research has been taken into consideration because it sheds light
on

• Possible differences between the effects of exposure to road traffic noise and the

effects of exposure to noise from other sources

• Possible differences between the effects of exposure when sleeping and exposure

during the day
• Personal characteristics that influence the effects

Field research

The Dutch researchers Hofman er at carried out a field study with twelve subjects who
lived beside a motorway58. They studied each subject in two situations. each for ten

nights. The two situations differed in terms of the acoustic insulation provided by the
fabric of the building, relating to the presence of double glazing. which provided an

average attenuation of 9 dB(A). On each of the twenty nights that each subject was mon-
itored. an EEG. two EOGs and an ECG were made and respiration was monitored. The
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noise situation was described by the researchers as a gradually varying background level

with superimposed noise peaks (when particularly noisy vehicles passed). A noise peak

was defined as a noise event with an LAnlax i of at least 10 dB(A) above the prevailing

background level over a ten-minute interval (L90) . In each of the two study situations,

there were approximately ninety-three noise peaks per night. L/imax I was generally
between 30 and 65 dB(A). The variation in ECG-determined heart rate over time was

compared with the distribution of noise peaks over time. For each noise peak, the maxi-

mum change in the heart rate (ECR: Event-related Cardiac Response) was determined

from eight heart rate figures (four before and four after occurrence of the noise peak).

For the purposes of comparison, a 'pseudo-ECR’ was calculated for a peak-free interval

immediately prior to the noise peak. In 80 per cent of cases, the ECR was greater than
the pseudo-ECR. Analysis revealed that the ECR was not dependent on L.4ma.I f, on the
subject’s sleep stage at the time of the noise peak, or on whether the bedroom had double

glazing. However, the speed at which the noise increased in intensity did influence the

ECR: faster rises in intensity were associated with higher ECRs. Figure 15 shows the
results relating to noise peaks occurring while the subject was in sleep stage 3 or 4

(SWS). If it is assumed that, of the 80 per cent of ECRs that exceeded the associated

pseudo-ECR, 20 per cent were higher purely by chance, just as 20 per cent of all ECRs

were lower purely by chance, it follows that subjects’ heart rates rose in response to

60 per cent of noise peaks, irrespective of sleep stage or LA imax / value.

Difference between ECR and pseudo-ECR (in beats per minute)

fIgure /5 Percentage of cases in which the ECR (ECR: Event-related Cardiac

Response) was higher than the pseudo-ECR, as a function of heart rate change

involved in the ECR and pseudo-ECR. The various columns add up to a total of

80 per cent; in 20 per cent of cases, the difference between the ECR and pseudo-
ECR was zero or negative
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A team led by Carter, a leading researcher in the field of the effects of noise on

sleep, studied the effect of road traffic noise on seven older men, four of whom suffered

from slight arrhythmia (simple premature ventricular contractions)1:9. They observed
that in two of the four men with arrhythmia, noise peaks (L.4rnax _I of more than

70 dB( A) associated with lorries) induced a premature contraction 20 to 40 seconds

later, especially if the men were in sleep stage 4 at the time. However, the researchers
were unable to replicate this effect in a laboratory study involving road traffic noiset51
In this context. Carter recounted an incident in which the sound of an alarm clock con-

sistently induced ventricular fibrillation in a patient with a heart condition171. Carter

argued that it was important that more research was done into the effects of noise on

people with heart problems, since he anticipated that they were likely to be more than

averagely sensitive to noise.

Laboratory research

Ohrstr6m er al studied the acute effects of road traftlc noise on heart rate in twenty-four

subjects. Fifty-seven times a night for nine nights, subjects were exposed to the noise of
a passing car or lorTy with an L.4 nr al_ / of between 58 and 60 dB(A)66. The average

increase in heart rate during the noise events was 1.5 beats per minute; among subjects

who considered themselves sensitive to noise, the average increase was 1.8 beats per

minute, while among subjects with no such self-perception, the increase was 1.1 beats

per nrlnute.
A French research team led by Muzet carried out a study in which twenty subjects

n’ere monitored for three nights, on one of which they were exposed to aircraft, lorry,

moped and train noises64. The L.4luax _i and noise event duration values were, for air-

craft, 71 dB( A) and 21 seconds; for lorries, 66 dB( A) and 20 seconds; for mopeds,

56 dB( A) and 10 seconds; and, for trains, 62 dB( A) and 17 seconds. Over the course of

the night, the noises were introduced randomly eight times per hour. In addition, sub-

jects were exposed to similar noises of 1 5 dB(A) louder during the day. The results are

presented in Figure 16. The increase in heart rate was not calculated in the same way as

in the other publications referred to in this annex. Di Nisi er al worked on the basis of

the difference between the highest heart rate and the slowest subsequent heart rate dub

ing a noise event (the latter rate generally being much lower than the average rate over
an interval before or after the noise event).

The conclusion drawn by the researchers, which is illustrated by Figure 16, was that

the response at night was much greater than that during the day. Furthermore, the day-
time effects barely differed from one source to another. In addition to monitoring heart

rate, the French team also used a finger plethysmograph to measure blood flow through

subjects’ finger tips. The plethysmography data also indicated that the most common
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Figure /6 Comparison of the increase in heart rate during exposure to a noise
event during the daytime and when sleeping. The daytime noises were 15 dB( A)

louder than the noises subjects were exposed to when sleeping. From laboratory
research bv a French team6+.

response to the noise events, namely vasoconstrlction, was also much more pronounced

when sleeping than during the day. The subjects’ score on a noise sensitivity scale did
not appear to influence the magnitude of the heart rate response either during the day or

at night. but was related to the degree of vasoconstriction during the day.
According to the data presented in Figure 16, aviation noise and lorry noise had a

broadly similar effect on the sleeping heart rate. Because the train noise quickly rose to a
maximum and remained at this level for almost the entire time until the train had passed,

the SELf of the train noise was probably about the same as that of the aircraft and lorry
noises. It is therefore plausible that, at a given SEL_ f, the effect of train noise character-

ised by a rapid initial increase in intensity is slightly greater than the effect of noise from

a passing aircraft or lorry. Comparing the data for the different sources, it is striking that
mopeds – with a maximal level 10 to 15 dB(A) lower than the maxim Ilms of the other
noise sources, and with the shortest duration – register quite high scores. The research-

ers did not investigate whether this was due, for example, to the faster rise in the inten-

sity of moped noise or to aversion to the noise on the part of the subjects.

In view of the much greater heart rate responses observed in subjects exposed to

noise when sleeping than in the same subjects during the day, the researchers suggested
that more attention should be paid to protecting the general public against higher night-
trme nolse exposures.

An Australian research team exposed nine subjects over three sleep periods to vari-

ous types of noise: low-flying military jets, lorries. landing civil aircraft, and a five-sec-
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ond 1000-Hz soundt’7. Each type of noise event was generated at LAmax i values of 55,

65 and 75 dB(A). The time taken to reach maximum intensity (build-up period) and the

overall duration of the noise event varied with the L.4nlax_ i value; the values are given
in Table 15.

Table /5 Details of the noise events featured in the research by Carter er ufa

Noise event Build-up period (seconds)

L.Imax / (dB(A)) 55 M 75

Overall duration ( seconds)

55 65 75

Low-flying military jet
Civil aircraft

Lorry

1000-Hz sound

1

13

10

0

1

14

19

0

I

16

20

()

I

8

10

5

a

18

20

5

6

25

27

5

Subjects were exposed to a total of approximately 1300 noise events. The increase

in heart rate during the noise events did not appear to be related to the type of noise

involved. At LAnlax / values of 55 and 65 dB( A), the increase in heart rate averaged 1.5

beats per minute, while at 75 dB( A) it was approximately three beats per minute.

Expressed in the form of SEL_ / values, the civil aircraft and lorry noise events were very

similar at each of the three exposure levels. At the lowest exposure, the SEL_ / value of

the 1000 Hz sound was approximately the same as those of the lorry and civil aircraft

noises, while at the higher exposures it was roughly 3 to 5 dB( A) lower. Because of its

short duration, the military jet noise had an SEL_ i value approximately 10 dB( A) lower

than those of the lorry and civil aircraft noises at the two lower exposures. and about

5 dB( A) lower at the highest exposure. It follows that, at a given SEL_ i, the increase in

heart rate induced by the 1000 Hz sound and the military jet noise is greater than that

induced by the lorry and civil aircraft noises.

In Germany, Griefahn carried out an experiment in which twenty subjects were

exposed in their sleep to a reproduction of the noise of shots from a tank, with an

LA max / value of between 78 and 82 dB( A)65. A total of 1209 impulses were distributed

over sixty-eight person-nights. On average, subjects’ heart rates rose from 66 to 77 beats

per minute, measured three seconds after the 'shot’. This increase by an average of

eleven beats per minute was greater than the increase induced by road traffic noise under

similar circumstances, albeit at lower L.4 max / values

In 1967, Semczuk investigated the effects of exposure to noise when sleeping. by

using thoraxgraphy to monitor breathing in a study group of fifty children (five to seven
years old) and a hundred adults€’8. The trigger level for respiratory changes associated

with an aural stimulus (sound of a particular pitch) was 10 to 15 dB( A) lower in children
than in adults. The researcher accordingly concluded that a child’s autonomous nervous
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system is more readily activated by noise when sleeping than an adult’s, and that chil-

dren are therefore physiologically more sensitive to night-time noise than adults.

D.2.2 Acute changes in hormone levels

The lower four graphs in Figure 17 show how the concentrations in the blood of the

stress hormones cortisol, adrenaline and noradrenaline and of the growth hormone

(GH)88 normally change in the course of a night.
The Committee is not aware of any field or laboratory research into acute changes in

hormone concentrations in response to exposure to noise.

D.2.3 Sleep stage change, including EEG awakening

Reference has already been made in the main body of the report to the meta-analysis

performed by Pearsons er a/48; see Figure 7. The relationships between exposure and the

probability of EEG awakening and the probability of sleep stage change were presented

by Pearsons, using both L.4111 al_ i and SEL i as indexes of exposure. Only three of the
five field studies reviewed by Pearsons involved EEG scans130-132: one other was a ques-

tionnaire-based studyf’6 and another involved monitoring movements of the bed in which

subjects slept172. The latter two studies entailed veIl, few observations, so their results

had only a marginal influence on the outcome ofPearsons’ meta-analysis. The relation-
ships defined from the field study data were based on a total of 213 subject-nights with
EEG scans and 2770 noise events. The noise sources in the three studies were civil air

traffic and rail traffic

The Committee traced only three reported studies that had looked at the effect of

night-time noise on children’s sleep EEG55-57. Lukas exposed twenty-two people, six of
them children (five to seven years old) to aviation noise and sonic booms once they had
entered stage 3 or 4, as registered on an EEG. He observed that the children's EEGs

showed less response to noise while in deep sleep than the adults’ EEGs. Eberhardt56

reported the effects of exposure to road traffic noise on thirteen children. Eight of the

children lived on a quiet street, but on several nights during the study period were
exposed to recorded lorry noise (sixty-eight times per night); the other five children

slept beside a busy road. EEG awakening occurred in the first group of eight children in

response to 0.2, 0.8 and 2.1 per cent of noises with LAlnax_ / values of, respectively, 45,

55 and 65 dB( A). The only other statistically significant difference revealed by the EEG

analysis was a six-minute increase in the time spent in a waking state (W) on the nights

with the higher noise exposures. The children also reported that, on the nights when they

were exposed to road traffic noise, they found it harder to go to sleep, found that they
woke up more often, recalled being awoken more often by road traffic noise, felt less

142 The Influence of Night-time Noise on Sleep and Health



20.00 aeo 030 2.09 400 1 OO 1.00 IO.60 tZoo time

~[;
F:
[i
F:

g bBa

EPrWrire
WIll

B a

Norqinephrbn
pMnI

20.oo ' 22.go ' Q:OO ’ zbo 4:00 B.bo ' I. bo 10.00 it a time

Figure /7 Sleep EEG and changes in the concentrations of cortisol. growlh hor-
mone (GH). epinephhne (adrenaline), and norepinephrine (noradrenaline) in the

blood, as a function of the time from 8pm to 12 noon; typical patterns for hea]thy

young adultst<8

well rested the following day and perceived the quality of their sleep to have been
diminished

Double glazing was fitted to the bedroom windows of the second group of just five
children, thus attenuating the noise by an average of 10 dB( A). The only statistically sig-

nificant effect of this intervention observed in the very small study group was a seven-
minute reduction in sleep inception period. Eberhardt concluded that children exhibited
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less strong responses to noise when sleeping than adults; he estimated that a noise

needed to be about 10 dB( A) louder to induce a given EEG response in a child than was

necessary to induce the same response in an adult.

In a laboratory study, Busby exposed twenty-four boys (eight to eleven years old) to
three-second bursts of sound of successively increased volume (each sound being 2 to

5 dB( A) louder than the last), until EEG awakening occurred. It was possible to repro-

duce the sound at up to approximately 95 dB( A) above the perception threshold. The

percentages of EEG awakenings from SWS, stage 2 and REM sleep were, respectively,

4.5, 34 and 50 per cent. When the night was divided into three phases, the percentages of

awakenings and arousals in the first phase (characterised mainly by SWS) were 12 and

14 per cent, respectively; the corresponding figures in the second phase of the night

were 30 and 20 per cent, respectively, and in the third phase (mainly REM sleep) 50 and

8 per cent, respectively. Comparing responses to noise in hyperactive children, hyperac-

th'e children on medication and non-hyperactive children, Busby observed no differ-
ences. From the findings, Busby concluded that, in the latter phase of the sleep period,

children were very sensitive to noise, and that much more research was needed to build
up a full picture of how children responded to noise when sleeping.

D.2.4 Motility

Over the last ten years, various large-scale field studies have been carried out, in which

subjects wore actimeters when sleeping in order to record motility. In the USA, there

have been two studies focusing on aviation noise49'5c)’134, in Germany there has been one

study concerned with road and rail traffic noise60'77’78, in the UK there have been a fur-

ther three studies on aviation noise51'54-80'173, and finally one study into aviation noise

has taken place in the Netherlands12’13'174. In several studies, noise events were linked
over time with motility, as indicated by the actimeter data, in order to shed light on the

acute motility responses. In four of the studies, it was thus possible to define the rela-

tionship between LA max_ for SEL_ land acute motility during and attributable to aircraft
noise events12-49’51-134. In the other studies, the researchers focused on average motility

during the sleep period.

Figure 18 shows the increase in the probability of acute motility attributable to avia-
tion noise in the fifteen-second interval with LAnl ax i as deduced from the Dutch

research. Acute motility was induced by the noise of a passing aeroplane from an
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Figure /8 Probability (as a percentage) of acute motility being induced by an air-
craft passage, as function a of the L.4nla,\ / of the noise event, in the fifteen-second

interval with LA nIa.t f. The figure also shows the so-called '95 per cent prediction-
intervals’ 13' 13

La III al f of 32 dB( A)*; an L/imax / of 32 dB(A) is therefore the observation threshold

for nlotility

The curve shown in Figure 18 represents the average effect. The effect is strongly

dependent on Lf; as Li increases, so the probability of acute motility being induced by

aviation noise decreases. In other words, people who are exposed to the sound of a pass-

ing aircraft numerous times while sleeping respond less to a single passage than people

who are exposed to the sound only occasionally. The relationship between the probabil-
ity of aviation noise-induced motility and exposure to aviation noise was not found to be

gender-dependent and was barely age-dependent. The study findings also indicated that,

at a given L,4nlax / value, the type of aircraft manoeuvre (landing or taking off) did not

affect the probability of aviation noise-induced motility. The researchers also asked sub-

jects about their attitude to air traffic and to the expansion of Schiphol Airport. Attitude

was found to have no influence on the probability of acute motility induced by aviation
noise

+ In the Dutch study. L.4max I was not measured in fast mode; rather L.4ma,t_ / was the maximum indoor equivalent sound

pressure level measured over a one-second interval during an aircraft passage. Theory suggests that LAnlax / measured in
fast mode should be 0.2 to 1 dB( A) higher than the maximum indoor equivalent sound pressure level measured over a

one-second interval . The observation threshold for acute motility is therefore an LArnax i in fast mode of 33 dB( A)
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figure /9 Probability of acute motility in three fifteen-second intervals before the

interval in which the L4nla\ / of an aircraft noise event occurred, in the interval of
occurrence, and in five fifteen-second intervals after the interval of occurrence, for

three flight passages with L.4 nIa.\ / values of 68. 50. and 32 dB( A).

The Dutch researchers additionally calculated the probability of motility onset by
aviation noise in the fifteen-second interval with L.4nlax f. The observation threshold

for motility onset also worked out at an L.4 maI / for the aircraft passage of 32 dB( A).
Increased probability of acute aircraft noise-induced motility was sometimes

observed both before and after the fifteen-second interval in which the L,4lllax I

occurred. This phenomenon is illustrated in Figure 19. Overall, the probability of motil-

ity being induced by aviation noise in any fifteen-second interval was more than four

times that probability in the fifteen-second interval in which LA max_ i occurred.
The Dutch study’s findings are consistent with those of the first US study, by Fidell

et aT#i . This study focused exclusively on people exposed to (very) high night-time air-

craft noise exposures. The researchers established that the observation threshold for

motility was 45 dB( A). This figure is broadly in line with the 42 dB( A) calculated by the

Dutch research team for subjects with an Ll of 40 dB(A). In the second US study, which
was much smaller-scale than the one just referred to, no statistically significant relation-

ship could be demonstrated134,

The relationship established in the British study between motility onset in a thirty-

second interval and the L.4lnax of an aircraft passage differed considerably from the pat-

tern illustrated in Figure 18, even allowing for the facts that the British researchers

looked at the probability ofmotility in thirty-second intervals and that the relationship
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Figure :0 The relationship between the average probability of motility onset in the

thirty-second interval in which Llnl(II occurs during an aircraft passage

(noise average) and L.4111,II of the passage. with the probability of motility onset out-
side these intervals a]so illustrated (quiet average), based on research by Ollerhead51.

The 95 per cent prediction interval (from noise lower to noise upper) is also given
for each value.

between the probability of motility onset and the LAnl ax of an aircraft noise event is

based on outdoor L.4111 ax values. Various TNO reports have looked at this point12'13'79'97

Some of the findings of the British study are illustrated in Figure 20.

The British researchers came to the conclusion that the probability ofmotility onset
by an aircraft passage began to increase from an L.4lrIaI of 82 dB(A)51. Even when this

outdoor value is reduced by 25 dB( A) (the figure quoted by the researchers54 as the dif-
ference between outdoor and indoor levels), the observation threshold works out at an

L,4 in ax_ f of 57 dB(A). This is 25 dB( A) higher than the corresponding figure estab-
lished by the Dutch team for the probability of aircraft noise-induced motility or motility
onset. The Committee believes that the main reasons for the differences in the findings
of the British and Dutch studies are as follows:

• in the British study, aviation noise levels were established on the basis of outdoor

measurements only. The instruments used by the researchers were positioned so as
to be directly exposed to the noise. The outdoor sound pressure levels on subjects’

bedroom walls will in some cases have been (much) lower, particularly where there
was screening in the form of objects such as other buildings and trees. The outdoor

measurements therefore represent the upper values in a wide range of outdoor sound

pressure levels on subjects’ bedroom walls. The distribution of indoor values will
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have been even greater, since the sound attenuating characteristics of each room will

have differed, and the window aperture status will have varied from subject to sub-

ject and from night to night. In the Dutch research, where the average difference

between the outdoor and indoor L/Imax values of more than 63,000 aircraft passages

during subjects’ sleep periods was 21 dB(A), outdoor values as high as 82 dB( A)

were sometimes associated with indoor values as low as 32 dB( A). These consider-

ations suggest that, at a measured outdoor noise exposure of 82 dB(A), the actual

exposure inside the subject’s bedroom may well have been much lower. The Dutch

study, by contrast, made use of measured indoor values.

The British researchers considered whether there had been an aircraft passage only

if their instruments registered a noise event with a sound pressure level of more than

60 dB( A) lasting for at least two seconds. If the timing of such a noise event coin-

cided with the timing of a registered aircraft passage, the event was 'recognised’ as
an aircraft passage. FurThermore, any aircraft passage occurring within five minutes

of the previous passage was excluded from the analyses. Then 'noise’ was defined
as any thirty-second interval in which the L.4nlct\ of a recognised aircraft passage
occurred. and 'quiet’ as all other thirty-second intervals. In other words, quiet

included all intervals in which relatively quiet aircraft passages occurs'ed, all inter-

vals in which there were aircraft passages within Hve minutes of a previous passage,
and all intervals during an aircraft passage before and after the interval of L,4rIlax

occurrence. The researchers then worked out the average probability of motility
onset during 'quiet’ periods (see Figure 20). However, this average will have been

higher than a typical value for a genuinely quiet thirty-second interval, since all non-

aircraft noises, all aviation noise outside the thirty-second intervals of L/IImax occur-

renee and all 'quieter’ and 'non-recognised’ passages, plus the associated lnotility,
were ignored. In consequence, the probability ofmotility onset bv aviation noise

(lroise – quiet) was underestimated. In the Dutch study, an aircraft passage was

included if its LAnrax was 40 dB( A) or higher. Furthermore, distinction was made in

the analyses between intervals characterised by the background sound pressure level

only and intervals characterised by the presence of the background sound pressure

level plus a non-aviation noise. Hence, the model takes account of the additional

chance ofmotility or motility onset attributable to non-aviation noise, so that only

the probability of extra motihty caused by aviation noise is attributed to this source.

The British study focused exclusively on nrotilit\' onset , whereas monitoring motilit\.
would also have taken account of the duration of the effect. Furthermore, the Dutch

researchers found that the probability ofmotility was more closely related to the
LAma.\_ / (and SEL /) than the probability ofmotility onset was.

The British study looked only at the thirty-second int en'als of LAmax occurrence
However, it was found in the Dutch study that, overall, motility onset was more
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likely in the itrten'als before and after the int ennI of LAuraI occurrence than in the
interval of occurrence itself

The scope for performing calculations was more limited in 1992, with the result that

not all the British team’s data could be analysed. Hence, the relationship between
the probability of motility onset and exposure to aviation noise was defined on the

basis of data concerning the period 1 1.3C)pm to 5.30am only. However, it is apparent
from both the Dutch study and the British study that aircraft passages became more
likely to be associated with motility or motility onset as the subject’s sleeping time

progressed and the absolute time got later. Furthermore, limited calculation capacity

obliged the British team to group aircraft passages into noise categories (see
Figure 20). For each category, the average probability ofmotility onset was then cal-

culated and a check made to establish whether there was a statistically significant

difference between the calculated value and the average probability ofmotility onset

during quiet. An analysis method involving the processing of all the data at once

would undoubtedly have led to the definition of a much lower threshold value.

The original purpose of the German study was not to establish acute-level exposure-
effect relationships. so the data from the study has recently been re-analysed with a view

to defining such relationships for road and rail traffic noise79. Where rail traffic noise is

concerned, the relationship has been defined between the probability of acute concurrent

motility or motility onset and the SEL of a rail traffic noise event lasting up to two min-

utes. From these calculations. it appears that exposure to rail traffic noise does not
increase the probability of acute motility or motility onset as much as exposure to avia-
tion noise. After conversion of the German data to fifteen-second interval values, a

40 dB( A) SEL increase, from 60 to 100 dB( A). was estimated to be associated with
roughly a 2.5 per cent increase in the probability ofmotility or motility onset. The cone-
sponding figure for aviation noise is approximately 7 per cent.

In the German study, the exposure patterns for road traffic noise proved to be very
different from the patterns for rail and aviation noise. Rail and aviation noise both

involve distinct noise events, with an aircraft passage rarely lasting more than one

minute and a train passage rarely longer than three minutes. (in the German study,
2,6 per cent of the nearly 69,000 train passages lasted longer than three minutes.) in

total, nearly 17 per cent of thirty-second intervals included train noise. By contrast,
nearly 53 per cent of thirty-second intervals involved road traffic noise in excess of the

background level (i.e. three times the percentage for rail traffic noise).
In addition, a relationship has been established between acute motility during a

thirty-second interval featuring road traffic noise and the equivalent sound pressure level

during the interval79. The probability of acute motility during a given thirty-second
interval featuring road traffic noise was found to rise to a small but statistically signifi-
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cant extent as noise exposure increased: a rise in the equivalent sound pressure level

over a thirty-second interval from 40 to 70 dB(A) was associated with a 0.3 per cent

increase in the probability of motility. However, in the first thirty-second interval of a
period featuring road traffic noise, the probability of acute motility was on average

3.4 per cent higher than in a given thirty-second interval without road traffic noise or in
another thirty-second interval during a period featuring road traffic noise. In other

words, the effect at the start of a period featuring road traffic noise is quite strong.

D.2.5 Subject-registered awakening

Over the last ten years. various meta-analyses have been performed on data from eight

or nine field studies, with a view to establishing the relationship between the probability

of noise-induced subject-registered awakening (awakening recorded by the subject dun

ing his/her sleep period, by pressing a button-) and a noise index (SEL_ i) for the

event52'134’135'175-179. Two of the analyses – those by Finegold and Elias135 in 2002 and
Passchier-Verrneer52 in 2003 – used the same database, previously assembled by

Fidellt34. Passchier-Vermeer additionally included in her analysis data from the Dutch

study into sleep disturbance caused by aviation noise. In contrast to Finegold’s meta-
analysis, the secondary analysis performed by Passchier-Vermeer took account of the

following:
• The type of noise source: civil aircraft, military jets, trains, other environmental

noIse events

Differences in the probability of subject-registered awakening. EEG awakening and
motility onset associated with a noise event of a given intensity (see Figure 8)

The number of observations per subgroup (with subgroups formed on the basis of

the SEL i of the noise event, with the result thatthe number of observations per sub-
gTOUP varied by a factor of 1 00)
Differences in the time windows around a noise event within which the different

researchers looked for evidence of awakening or arousal

The probability of waking up in a period without noise events.

•

•

From the analyses, it was apparent that a statistically significant relationship was
demonstrable between civil and military aircraft noise and subject-registered awaken-

ing, but not between rail traffic noise or 'other environmental noise events’ and such
awakening u. Since the relationship between the noise of military jets and subject-regis-

tered awakening is based purely on data relating to people living near to a single military

air base. the findings should be verified by further research.

The database used by Passchier-Vermeer for her analyses included data on noise

levels in the bedrooms of more than a thousand subjects in seven studies into the effects
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of civil air traffic noise, involving more than 170,000 aircraft passages. In these seven
field studies, the data on the aircraft passages was aggregated to seventy-eight points on

the basis of SEL_ I. This data was cross-referenced to the data on subject-registered
awakenings to determine whether subjects recorded waking up within a five-minute

window around an aircraft passage (from one minute before to four minutes after the
LAnrax_ i of the passage).

The frequency of subject-registered awakening was also established for five-minute

time windows in which no aircraft noise events occurred. The probability at subject-reg-
istered awakening attributable to a noise event was then calculated by subtracting the

probability of awakening in time windows without noise events from the probability of
awakening in time windows \Nth noise events .

The average probability of subject-registered awakening in a five-minute interval

without aviation noise was 1.73 per cent. Figure 21 shows the probability (as a percent-
age) of subject-registered awakening aTtributable to aviation noise during a five-minute

interval. as well as the probability of an-akening .far any reason during a five-minute
interval in which an aviation noise event occuITed. The observation threshold for avia-

tion noise-induced subject-registered awakening is an SEL_ f of 54 dB( A). This is esti-

mated to correspond with an LAnlax_ / (measured in fast mode) of 42 dB(A).
In principle, a noise with a vel)' low sound pressure level can be audible in a very

quiet environment. In young people, the binaural perception threshold (the threshold for
the perception of a sound using both ears) is close to 0 dB( A). Although the threshold

3,0
Probability of
awakening

(in %) 2,5

– – during aviation
noise exposu re

– as a result of
aviation noise
exposure

SEL i in dB(A>

Figure 2/ Percentage of subject-registered awakenings during a five-minute interval

in which aviation noise occurs and percentage of subject-registered awakenings due
to aviation noise as a function of indoor measured SEL (in dB( A))5:
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FIgure 22 The probability of noise-induced subject-registered awakening associated
with civil aircraft and military jets, as a function of indoor measured SEL

(in dB(A))52.

for the perception of higher frequencies (above about 2000 Hz) increases as a result of

normal age-related loss of acuity, the ability to hear lower-frequency noises. such as air-
craft noise, does not decline nearly as much. Not many people’s bedrooms are so quiet

that special sounds of close to 0 dB( A) can be heard, since such sounds are liable to be
masked by normal background noise. Generally speaking, aviation noise can be heard in

an otherwise quite bedroom when the level is more than about 15 to 20 dB( A). This
implies that, when a person is awake, the noise of a distant aircraft can be heard if it is
more than about 15 to 20 dB( A), provided that the bedroom is otherwise sufficiently

qulet

Figure 22 shows the probability of noise-induced subject-registered awakening associ-

ated with civil aircraft and military jets52. Although the data relating to military jets
requires further verification, the Committee considers it appropriate to highlight the
data, as it illustrates the effect of exposure to noise events characterised by a rapid initial

rIse in rntenslty.

D. 2. 6 Acute annoyance and inconvenience

The Committee is not aware of any field or laboratory research into acute annoyance or
other acute problems due to night-time noise.
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D.2. 7 Summary

The results of the research into the acute biological effects of exposure to night-time
noise described in this section can be summarised as follows:

Acute heart rate change
• in people who had been exposed to road traffic noise for years, heart rate accelera-

tions occurred in response to road traffic noise peaks with L.4nlcl.\_ / values typically

in excess of 30 dB(A). The observation threshold for heart rate acceleration is there-

fore likely to be below an L,AtrIal_ i of 30 dB(A).
Noise is much more likely to induce heart rate acceleration at night than during the

day
People with cardiovascular problems and people who consider themselves to be par-

ticularly sensitive to noise may well be more liable to experience noise-induced
heart rate accelerations

The field research caITied out by Hofman indicates that there is a cardiac response to

roughly 60 per cent of motorway traffic noise peaks, irrespective of the hearer’s
sleep stage or the L.4 nta.I i value of the noise peak (lorry)

From laboratory research data, one can deduce that lorry passages and aircraft pas-
sages with similar SEL_ f values have approximately the same effect on the heart
rate

The results of the various laboratory studies referred to all indicate that, at a given

SEL_ i, a noise event characterised by a (very) rapid initial rise in intensity is more
likely to affect the heart rate than a noise event that rises in intensity more gradually

at the beginning. It is not possible to quantify this effect, however.
Data from the only study involving children (five to seven years old) suggests that
children’s physiological responses to noise events during sleep are indicative of a

10 dB( A) higher sensitivity to noise.

•

•

•

•

Acute changes in hormone levels

Not investigated

Sleep stage change, including EEG awakening
• Among people who are accustomed to exposure to night-time aviation noise, the

observation threshold for EEG awakening is an SEL i of 40 dB(A); the observation

threshold for sleep stage change is probably slightly lower.
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• The effect of night-time noise on children has been studied in the context oflabora-

tory studies with just twenty-four, eight and six children, and in one field study of
five children in a domestic setting. One of the researchers indicated that children

were less sensitive than adults to the onset of acute EEG-registered changes by

night-time noise. Another researcher who studied children observed that, in the last

phase of the sleep period, noise peaks of up to 95 dB( A) induced EEG awakenings
(excluding EEG arousals) 50 per cent of the time and EEG arousals 8 per cent of the
tIme

Motility, motility onset
Among people who are accustomed to exposure to night-time aviation noise, the

average observation threshold is an LAma.x_ i of 32 dB(A) both for acute motility
and for acute motility onset (with SEL / values of 38 and 40 dB( A)). The observa-

tion threshold for acute motility is comparatively high among people who have been

habitually exposed to higher levels of night-time aviation noise, and comparatively

low among people who are only occasionally exposed to the sound of night-time air-

craft passages. People in the latter group consequently respond more to a single air-

craft passage.

Among people who are accustomed to exposure to night-time rail traffic noise, the

observation threshold for motility is estimated to be an LAn1 ax_ f of about 30 to

35 dB(A).

Among people who are accustomed to exposure to night-time road traffic noise, the
probability of acute motility during a given thirty-second interval featuring road

traffic noise barely increases at higher noise exposures. However, in the first thirty-

second interval of a period featuring road traffic noise. the probability of acute

motility is higher than in a given thirty-second interval without road traffic noise or
in another thirty-second interval during a period featuring road traffic noise.

•

•

Subject-registered awakening
• Among people who are accustomed to exposure to night-time aviation noise, the

average observation threshold for subject-registered awakening is an SEL_ i of

54 dB(A), which corresponds to an LAlnax_ / of 42 dB(A).

The one study into the relationship between noise from military jets and subject-reg-

istered awakening indicated that, at higher exposures, military jets are much more

likely to induce subject-registered awakening than civil aircraft.

•

Acute annoyance and other acute problems

Not investigated.
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D.3

D.3. 7

Biological effects over the course of a night (before,
while and after sleeping)

Introduction

Very few field studies have looked specifically at the relationship between an effect

measured over the course of or following a sleep period and the noise exposure during

sleep. Furthermore. data from the studies of acute noise-induced changes described in

D.2 has not in most cases been aggregated to provide full-night figures.

In 2003, the RIVM performed a review of field studies that had specifically sought
to shed light on the effects of night-time road traffic noise on sleep69. For this review. the

researchers collated literature published since 1970. The reviewers found thirty-four
field studies, of which twenty-three focused entirely on self-reported effects over an

extended assessment period (e.g. a year). The results of these twenty-three studies are

considered in the section of this annex devoted to the chronic consequences of exposure

to (road traffic) noise. Ten of the other eleven studies used EEG, ECG or actimetry mon-

itoring ofs]eeping subjects, sometimes supported by journal entries, to investigate

effects over the course of a single night. In most cases, noise levels were also measured

(in subjects’ bedrooms) during the study nights. The eleventh study monitored effects on

the basis of journal entries only. These eleven studies are considered in D.3.2.

In an article published in 2003, Babisch81 provided an overview of research into
stress hormone levels associated with exposure to noise, both in a domestic setting and

in an occupational setting. He referred to approximately a hundred studies, twenty-three

of them epidemiological. Eleven of these twenty-three studies were concerned with the
effects of occupational exposure to noise, while twelve studies looked at the effects of

exposure to noise in the domestic environment. In eight of these studies (three of which
focused on exposure to road traffic noise and five on exposure to aviation noise), stress

hormone levels were determined by analysing urine samples collected during and after
sleep, or saliva samples collected after the subjects had waken up. These eight studies
are considered below

The eleven field studies mentioned in the RIVM report69 and the eight field studies
referred to in Babisch’s article81 were concerned almost exclusively with road and air

traffic noise; just one of the studies looked at both road and rail traffic. No similar stud-
ies into the effects of stationary noise sources were traced. In the following subsections,
first the results of the field studies of road traffic noise are dealt with, then the field stud-

ies of aviation noise, and finally the one field study of rail traffic noise. The subsection

on aviation noise field studies also takes account of data from one quasi-field study.
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This section concludes with an inventory of (laboratory) studies into the influence of
night-time noise on the immunological properties of blood cells.

D.3.2 Road traffic noise

The eleven field studies referred to in the RIVM report69 were as follows:

I Four very small studies. These studies involved very small numbers of subjects and

subject-nights (three, six. seven, and twelve people) and do not lend themselves to

generalisation. They are not therefore considered further here129'164-166.

Research from the USA49. This research into the effects of aviation noise included

only a control group that was exposed to road traffic noise. The report does not

include any aggregated single-night data relating to this group.
3 Four European studies conducted around 1980 in the Netherlands. Germany. France

and the UK on behalf of the European Commission58'59'70-73,

Research carried out in Gerrnany77’78. This is the same research referred to in D.2.4.
into the differences between the effects of night-time exposure to road traffic noise
and rail traffic noise

5 Research undertaken in Sweden by e>hrstr6m74. which monitored effects purely on

the basis of journal entries.

2

4

The four European studies mentioned in list item 3 were intervention studies, in which

road traffic-related noise exposure was reduced by approximately 10 dB( A) by various

means: double glazing of bedroom windows, gap sealing, use of personal hearing pro-

tection, and temporary bedroom relocation to the quiet side of the house58'59'70-73. The
four studies involved a total of seventy subjects and 922 subject-nights. Jurri6ns drew

the following conclusions regarding the effects observed in relatively noisy situations

(compared with quieter situations):

• The average duration of REM sleep is 6.5 minutes shorter

• in reaction time tests, the average reaction time is twelve milliseconds ( 12 ms)

longer than the overall average reaction time of 350 ms, and more mistakes are

made (8 per cent)

SeIFreported quality of sleep is less (7 per cent)

The W (waking) time recorded by EEG is 7 minutes longer (determined in two of
the four studies)

The average heart rate when sleeping is higher. In the Dutch research, the rate was

3.2 beats per minute higher (71.5 bpm, compared with 68.3 bpm)58.

+

•

In the German research referred to in list item 477'78, 188 subjects were exposed mainly

to road traffic noise and a similar number mainly to noise from passing trains. The num-
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ber of subject-nights with usable data on motility was 1710 in the road traffic group. A

recent analysis79 of the data indicated that, among people exposed to road traffic noise,

average motility for a single sleep period increased as the equivalent indoor or outdoor

traffic sound pressure level was higher during the period in question.

The research by e>hrstr6m referred to in list item 574 involved 106 subjects. Analysis

of their journal entries revealed the following: 37 per cent of subjects in noisy environ-
ments had difficulty getting to sleep, compared with 8 per cent in quiet environments;

the percentages of subjects in the two types of environment who were woken in the

night by road traffic noise were 57 per cent and 4 per cent; average sleep quality, as
rated on an eleven-point scale (where 0 equals very poor and 10 equals very good) was

6.2 for the noisy environments and 8.2 for the quiet ones; morning fatigue/alertness
scores, as rated on an eleven-point scale (where 0 equals very tired and 10 equals not at

all tired) were 5.0 and 7.0: the average scores for morning irritability, as rated on an
eleven-point scale (where 0 equals very irritable and 10 equals not at all irritable) were
6.5 and 7.8. In other words, all parameters values were less favourable in the noisy situ-
atlon

Swedish researcher Ohrstr6m recently made a longitudinal study of the change in

noise-induced effects on sleep following realisation of a scheme designed to reduce road

traffic noise by the enclosure of a road in a tunnel. The report on elements of the study75

will shortly be followed by two publications in J Sound Yi b** . The forthcoming data will

show that the study was modest in scale: at each of two locations (one noisy, one qui-

eter), thirteen subjects were monitored on each of three occasions, once before and twice

after completion of the tunnel. which has reduced indoor noise by 10 dB(A) at the noisy
location. Within the exposed group, no statistically significant change was detected in

various parameters monitored before and after completion of the tunnel, the parameters

in question being a\'erage motility, minutes spent in bed, sleep inception period, sleep

duration, number of 'awakenings’, and number of waking intervals of more than five
minutes. Not surprisingly, in view of the small number of subjects, there is considerab]e

variation in the average values; notably, there was an increase in the values of various

parameters – i.e. a deterioration – in the third monitoring round, a year after completion
of the tunnel, relative to the values measured in the second phase.

At the ICBEN2003 Congress, Ohrstr6m presented a provisional report on those
results from the international RANCH study that related to night-time noise. The sub-

jects were seventy-nine children between the ages of nine and twelve, plus one parent of

each child76. The equivalent sound pressure level of the road traffic over a twenty-four-

hour period, as determined on the outside of the most heavily exposed wall , varied from

less than 55 to more than 64 dB(A). The sleep parameters monitored were sleep quality

+ Ohrstr6m. persona] communication
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(overall quality, as established by questionnaire, and nightly quality, as recorded in a

journal), sleep inception period and average motility. Although marked differences were

observed between the parameter changes in children and those in their parents, the

changes did not appear to be dependent on the noise exposure.

Table 16 summarises data from the three field studies82’152-154 referred to by Babisch81,
which sought to establish the effects of noise on hormone concentrations, as determined
from urine samples collected over the course of a night or blood samples collected after

awakening. Strictly speaking, the results do not show whether the observed changes are

the result of exposure to road traffic noise during the night in question, or (at least

partly) the result of exposure the previous day. or the result of chronic daytime or night-

trnre exposure.

Table /6 Summary of data from the three field studies referred to by Babisch81. which sought to establish the effects of noise on hor-
lnone concentrationsa

Publication Outdoor noise exposure (LAcy
in dB( A))

Babisch. 20018: 45-75. during the night

Subjects Adrenaline Noradrenaline Collisol Monitoring method

234 women + X Urine collection dtlr-

ing the night

Urine collection dub

ing the night

Evans, 2001153 Less than 50 or more than 60

over the twentY-four-hour

period

Lmax= 40 or Lmax= 66 dB(C )

over the tu'enty-four-hour

period

Relative effect at higher noise exposure: + statistically significant change in the anticipated direction. = no significant change in the

anticipated direction. x not monitored,

115 children +

lsing. 2002154 56 children X X + Urine collection dun

ing the night

Working at the Berlin Environmental Department, Babisch er at studied the effect of
road traffic noise on the excretion of adrenaline and noradrenaline in the night-time

urine of 234 women (thirty to forty-five years old)82, some of whom lived in homes with
the bedroom on the street side, and some in homes with the living room on the street

side. The volume of passing road traffic varied considerably from dwelling to dwelling.
The analyses took account of numerous distorting variables. Among the women with

bedrooms on the street side, a statistically significant increase was observed in noradren-

anne levels as the logarithm of the traffic volume rose. (The logarithm of the traffic vol-

time is approximately proportional to the equivalent sound pressure level.) Changes in
adrenaline level were not associated with changes in traffic volume, however. Among

women with the living room on the street side, no effect was observed on either adrena-

line or noradrenaline levels. The fact that it was mainly noradrenaline concentrations

that were raised is consistent with Ising’s model, which predicts that the noradrenaline
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concentration is particularly likely to increase in response to noises to which a person is

exposed for a long time83. The effect of road traffic noise on noradrenaline concentration

was particularly pronounced in women who indicated that they slept with the bedroom
window closed to prevent their sleep being disturbed by road traffic noise, and neverthe-

less experienced noise-related annoyance. Among women who experienced no noise-

related annoyance when their windows were closed, no statistically significant increase

in noradrenaline concentrations was observed. The researchers explain these findings as

the result of a coping mechanism: among women who are able to prevent noise-related

sleep disturbance by closing their windows, noradrenaline levels are not affected, but

among women who are not able to cope in this way, they rise. If a raised noradrenaline

level may be regarded as predictive of cardiovascular problems. the authors argue that
only those people who are highly sleep disturbed due to environmental noise and are not

able to take corrective action are at increased risk of developing cardiovascular prob-

lems. However, the research results do not exclude the possibility that the observed
effect is a reversible change.

Evans and Lercher studied 115 children around the age of seven who were exposed
to road and rail traffic in Austria153'155. Half of the children lived in an environment with

relatively little road and rail traffic noise (Ldelr less than 50 dB( A), average 46 dB( A)),
while the other half lived in an environment where noise levels were typically more than

60 dB( A) (average 62 dB( A)). The researchers compared various endocrine and cardio-

vascular functions: daytime diastolic and systolic blood pressure and heart rate, plus

adrenaline, noradrenaline, cortisol and 20A-dihydrocortisol levels, as determined from

urine samples collected in the course of the night. A statistically significant difference of

more than 25 per cent was observed between the cortisol and 20A-dihydrocortisol con-

centrations of the two groups. In a test that involved asking the children to solve impos-

sible puzzles. girls exposed to higher noise exposures performed less well than girls in
the low-exposure group.

D.3.3 Aviation noise

D.3.3.1 Field research

Table 17 summarises the findings ofBabisch’s review81 of research into aviation noise-

related changes in hormone levels over the course of a night.
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Tab] c /7 The findings of research 156-159-lh:'163 into changes and differencesa in stress hormone levels. as review’ed by Babisch81

Publication Noise exposure (LAeq Subjects Adrenaline Noradrenaline Cortisol Monitoring technique
in dB( A))

59-65 24 hoursEvans, 1995156 Urine collection during the
night

Urine collection during the
night

Urine collection during the
night

Urine collection during the
night

Saliva collected in the morn-

lng

Relative effect at higher noise exposure: + statistically significant increase, = no significant change. x not monitored,

135 children + +

Evans. 1998157 53-62 24 hours 217 children + +

lsing. 1999163 56-70 over the day 40 children

Haines, 2001158-159 53-62 24 hours 204 children

Stansfeld. 2001l'’: <57->66 over the day 238 children X X

The Bristol-based team of Smith er a/80 made a phased investigation of the inteITela-

tionships between aviation noise. sleep disturbance and health.

In the final phase, the motility of ninety people (forty-five couples) was monitored
using actimeters for three nights. during which sound pressure levels were measured in

the subjects’ bedrooms. The sources of the noises audible in the subjects’ bedrooms
were not determined using an external identification system. nor were any outdoor

sound pressure levels measured. Noise events were divided into two groups: prolonged

noise events (more than one minute above the background level) and brief noise events

(less than one minute above the background level, with an equivalent sound pressure
level of more than 50 dB( A) over at least one five-second interval). The number of brief

noise events averaged 8.2 per night (with an average SEL_ / of 59 dB( A)), and the num-
bu of prolonged noise events averaged 6.4 per night (with an average SEL_ f of

65 dB( A)). No association was found between noise exposure and actimetric activity.
The researchers suggested that this was due to the low noise exposures that subjects

were exposed to, even though there was considerable inter-individual variation in expo-
sure values. The team reported having nevertheless observed statistically significant

associations between noise exposure and motility among subjects on board a ship. The
observed associations were:

• between the number Qfnoise events and an index of sleep disturbance derived from
several variables;

• between higher sound pressure levels during the sleep latency period and difficulty

getting to sleep; and
• between higher sound pressure levels towards the end of a subject's sleeping time

and premature awakening.
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However, because the sources of the noises were not identified, the researchers could

not exclude the possibility that the increased disturbance levels were related to the sub-
jects’ waking activities and were not therefore the effects of noise on sleeping patterns.

Passchier-Vermeer12 identified four fbnctions that she considered indicative of the effect

of aviation noise over the course of a sleep period. The functions in question (see

Figure 23) were:

• High average motility during sleep. This was quantified as follows. The data was

analysed to calculate a level ofmotility as a function of age, which was exceeded by
5 per cent of subjects when not exposed to aviation noise when sleeping. A figure

was then worked out for the percentage of subjects who on a given research night
exhibited higher average motility than the 'normal' value for their age; the percent-

age of people who would exceed the normal motility value in the absence of avia-
tion noise (approximately 5 per cent) was then deducted from the percentage for the

night. The analysis revealed that average motility increased with rising night-time

noise exposure, but this is not illustrated in Figure 23.

Recalled awakening. In the journal that they were asked to write each molning. sub-
jects indicated whether they had been woken by aviation noise in the night.

Subject-registered awakening at least three times a night. Awakenings were

recorded by the subject pressing a button on his or her actimeter.

Use of somnifacient drugs. In their journals, subjects indicated each morning

whether they had taken any sleeping pills the night before. The use ofsomnifacient
drugs proved to be strongly age-related. Up to the age of about sixty, the use of som-

nifacient drugs was quite modest; above that age, use increased sharply with rising

exposure to avratlon norse.

•

•

Figure 23 shows night-time noise exposures in the form at Lui gIlt values. The noise

exposure was originally expressed as the equivalent sound pressure level during the

sleep period. However, the equivalent sound pressure level data was converted to Lnighl

values on the basis of what is known about the relationship between equivalent sound

pressure and bright . Because some effects are age-related, Figure 23 is based on the age

profile of the adult Dutch population.

D.3.3.2 Quasi-field research

A research team at Berlin’s Robert Koch Institute performed a quasi-field study with

sixteen subjects living in the vicinity ofFuhlsbiittel Airport near Hamburg. The study

involved observation of the effects induced by aviation noise reproduced in subjects’

bedrooms using loudspeakers47’150. There were almost no night flights into or out of the
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FIgure 23 Prevalence of four effects of aviation noise. as a function of Ln ighT . The
prevalence values express the following percentages, as attributable to exposure to

aviation noise: percentage of people exhibiting high nrotility levels for their age,
percentage of people who recalled being awoken by aviation noise. percentage of

people who registered awakening at least three times in a night. and percentage of

people n’ho recorded using somnifacient drugs12,

airport, so at the start of the study the subjects were unused to night-time aviation noise.

After two nights without the introduction of any artificial noise, the subjects were

exposed to recorded aviation noise with an LAlrlax i of 65 dB( A) thirty-two times a
night for thirty-eight nights. During and immediately after each sleep period, urine sam-

pIes were collected and the total amount of cortisol present was determined. The

researchers distinguished three adaptation patterns over the thirty-eight nights: total cor-

tisol almost stable (observed mainly in female subjects); a large initial rise in total corti-
sol to a peak on the third night of exposure, followed by a gradual decline for the
remainder of the study period; an initial decline in total cortisol, followed by a large

peak on the third night of exposure, followed by a gradual increase for the remainder of

the study period. With all three patterns, there were fluctuations in the course of the

week, which were more pronounced in men than in women.

It is particularly interesting to note how the well-being scores recorded each day

using a questionnaire changed over the study period. The scores were given using a
scale. designed so that the average for the general population is zero, and 95 per cent of
recorded values are between –3 and +3. Before the recorded aviation noise was intro-

duced, in each of the three subsequent adaptation pattern groups the average well-being

score was approximately 0.5 (i.e. a little better than normal for the population as a
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whole). In the stable cortisol group, well-being during the first fourteen days of the
study fell from 0.5 to zero, where it remained. In both the other groups, well-being
scores continued to fall, from 0.5 to –1 in the increasing cortisol group and from 0.5 to –
2.5 in the declining cortisol group.

D.3.4 Field research rail traffic noise

In the above-mentioned German research77’78 188 subjects were exposed mainly to noise

from passing trains. The number of subject-nights characterised by motility was 1581. A

recent analysis79 of the data indicated that, among people exposed to rail IrafPc noise.

average motility for a single sleep period was unrelated to the equivalent indoor or out-

door traffic sound pressure level during the period in question.

Evans153 reported that the noise measurements included not only the road traffic
noise exposure experienced by children, but also the train noise exposure. Although the
article does not indicate the breakdown between road and rail traffic noise. it seems rea-

sonable to assume that road traffic noise was predominant.

D.3.5 Laboratory research into changes in immunological parameters

Between 1968 and 1974, Osada er a/84-87 investigated the relationship between exposure

to noise and changes in the nulnber of cells in the blood with roles in the body's immune

functions. They performed four laboratory experiments with twenty-one subjects, in
which they monitored changes in leukocyte and (eosinophilic and basophilic) granulo-

cyte levels in the blood associated with exposure to various types of noise (road, air and

rail traffic noise, industrial noise, white noise and pink noise). When data from noise
exposure nights was compared with data from non-exposure nights, major differences

were observed in the average values and wide distributions around the average changes.
However, shortcomings have subsequently been highlighted in the study design**,

which almost certainly explains the observed changes.

In their survey article The Neuroendocrine Reco\eIT Function of Sleep. Born and

Fehm devoted a section to the possibility that night-time exposure to noise might affect

the immune system88. In two experiments, subjects were either deprived of sleep or
allowed to sleep 'normally’, then certain blood cells (monocytes) were examined to

determine whether they exhibited an immune response to a particular stimulus (produc-
tion ofinterleukin-1 and TNF-a (tumour necrosis factor a), which affect the production
ofT-cells, which in turn are important for the production ofinterleukin-2). Contrary to
what had been expected, the immune response of the monocytes was much stronger

+ Marth. personal communication
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after a sleepless night than after an ordinary night. On the other hand, there were far

fewer monocytes present in the blood after a sleepless night, and production of inter-
leukin-2 by T-cells was much more vigorous after a normal night than after a night of

sleep deprivation. On the basis of their findings, the two authors postulate that night-
time noise exposure may have a negative innuence on the immune system. They add,

however, that a great deal more research would be necessary to confirm such a hypothe-
SIS

D.4 Effects on health and well-being

The first two subsections below (D.4.1 and D.4.2) deal with research into the association

between chronic exposure to trafnc noise and medical conditions, sleep quality and
well-being. Subsection D.4.3 is concerned with data on (the effects of) noise .from neigh-

bours and the associated topic of acoustic insulation between dwellings. Finally,
subsection D.4.4 described a Dutch inventory study of traffic noise, industrial noise,

neighbourhood noise and noise from neighbours.

D.4. 7 Medical conditions

D.4.1.1 Insomnia

A group of Japanese researchers carried out a questionnaire-based survey of 3600 adult

Japanese women (aged between twenty and eighty) living on eight study sites to gather

information about the factors that contribute to insomnia89. Some 11 per cent of subjects

were found to be affected by insomnia. (The researchers adopted a definition ofinsom-
nia based on the ICD-10 ctassincalion of mental and behavioral disorders: clinical

description and diagnostic guidelines 90.) One of the factors whose relationship with

insomnia was investigated was the volume of traffic on the road where the subject lived.

It was found that a high traffic volume (a nightly average of more than two thousand

vehicles per hour, with a lorry counting as ten vehicles) was an insomnia risk factor.

Women living on busy roads were considerably more likely to suffer from insomnia than

the other women. Analysis of the survey data took account of various distorting van-

abIes, such as age, number of (small) children in the family, social status, receipt of
medical treatment, regularity ofbedtimes, apnoea-like problems and serious unpleasant

experiences in the six months prior to completing the questionnaire. When the percent-
age ofinsonmiacs in each of the three areas with the highest exposures was compared

with the percentage in the low-exposure areas, the ratios worked out at, respectively, 1.4

(2100 vehicles per hour, Lnight of around 65 dB( A)), 2.1 (2400 vehicles per hour,
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Lnight of around 67 dB(A)) and 2.8 (6000 vehicles per hour, Ln ight of around

70 dB(A)). The most frequently reported problem was difficulty getting to sleep.

D.4.1.2 Health diminution

A research team at Berlin’s Robert-Koch Institute produced a 400-page report on the

findings of the Spandauer Gesundheits Survey95: a longitudinal study, in the context of
which the health of adults in Berlin’s Spandau district has been surveyed every two

years since 1982. The ninth survey round involved 2015 subjects, of whom 1714 were

participating for at least the fifth time. In addition to going through the usual tests and

questionnaires. these subjects were asked about noise-related annoyance from road, rail
and air traffic, as well as from industrial sources. Noise maps were also produced show-

ing the road traffic-related noise exposure on the homes of the 1718 people subjects who
chose to complete the questionnaire on noise-related annoyance. The research into the

effects of traffic noise was therefore essentially a cross-sectional cohort study. Further-

more, outdoor sound pressure levels were measured in front of ninety-six homes. How-
ever, it was not possible to take recent aircraft noise exposures into account. Most

aircraft flying over the area were going to or from Tegel Airfield, which is closed at

night (from 10pm for takeoffs and 1 1 pm for landings, to 5am for both takeoffs and land-

IIlgS)

The analyses took account of twelve variables with the potential to distort the
results. The presence and treatment of illnesses and medical conditions in the two years

since the previous survey round (period prevalence), and in the research period as a

whole (total prevalence) were investigated. The probability of a subject receiving medi-

cal treatment for a given illness or condition was determined for subjects whose road
traffic-related Lnight was less than 50 dB(A) and expressed as an odds ratio (OR); in

addition, 95 per cent confidence intervals (CIs) were stated in the report. The statisti-
cally significant results for subjects with a road traffic-related Lnight of more than

55 dB(A) were as follows:

• Treatment for- hvpeI-tension-. OR = 1.9 (Cl = 1.1 – 3.2) (period prevalence)

• Treatment for hypertension if bedroom window was normally open: OR = 6.1 (Cl =

1.3 – 29.2) (period prevalence)

• Treatment for h\-pel'tension'. OR = 1.8 (Cl = 1.1 – 2.9) (total prevalence)

• Asthmatic bronchitis I OR = 1.5 (CI = 0.9 – 2.5) (total prevalence)

With regard to people who were annoyed by road traffic noise, the following statistically

significant association was found with daytime road traffic noise:
• Treatntent for psvchological problems: OR = 2.7 (Cl = 1.3 – 5.6) (period preva-

lence)
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Comparison of people exposed to a high exposure of aviation noise over a twenty-four-

hour period with people exposed to a lower exposure revealed the following statistically
significant association:

• Tt'eatnrent for thyroid problems I OR = 3.8 (CI = 1.3 – 11.3) (period prevalence)

The researchers warn that their findings regarding non-cardiovascular illnesses and

medical conditions (asthmatic bronchitis, thyroid problems) are potentially liable to dis-
tortion by variables other than the twelve that have been taken into account. Hence, the
only conclusion that may be drawn regarding medical conditions is that, within the stud-

ied population, night-time exposure to road traffic noise is associated with treatment for
hypertension.

The researchers also point out that the study population was made up largely ofpeo-
pIe who were very conscious of their health. If this population was more or less than

averagely prone to hypertension, or inclined towards a lifestyle that increased or
decreased the probability of hypertension, the association between hypertension and

night-time noise exposure might not be reflective of the population at large.
Where the above-mentioned findings regarding hypertension and night-time road

traffic noise were concerned. the OR for people exposed to a noise exposure of between

50 and 55 dB( A) was calculated to be between 1.0 and the PR given in the summary for

road traffic noise exposures of more than 55 dB( A).

The researchers were not surprised to find that hypertension was demonstrably asso-

ciated with night-time noise, but not with daytime noise, partly because people are often

elsewhere during the day and partly because people are more sensitive to noise at night
than during the day.

A methodological assessment of the research is made in the main body of this
report

D.4.2 Sleep quality and well-being

D.4.2.1 Increased motility

The British field study into the effect of aviation noise on sleep found that, over a sleep
period, average motility and motility onset increased with rising exposure to aviation
noise96. Horne reported that there was a strong inverse relationship between average

motility and perceived quality of sleep. The Dutch field study into the effect of aviation

noise on sleep and the German study regarding the effect of road traffic noise also found

that average motility increased with noise exposure when sleeping12’13. The researchers

found that average motility over the course of a night was strongly associated with the
number of times that a subject recalled waking during his/her sleeping time, with the
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number of times that a subject registered awakening during his/her sleeping time, and
with the following variables regarding which subjects provided information by complet-

ing a questionnaire at the beginning of the study: number of medicines used, sleep qual-

ity, number of sleeping problems, frequency of aviation noise-induced awakening,

weekly frequency of aviation noise-induced averse effects on sleep, and number of

health problems. The secondary analysis of the German research into road and rail traf-

fic noise (involving 1710 subject-nights characterised by motility in the road traffic sub-

ject group and 1581 such subject-nights in the rail traffic group) also indicated that

average motility increased with rising road traffic noise exposure79. Exposure to rail
traffic noise had no demonstrable effect on average motility. Where both aviation noise

and road traffic noise were concerned, the increase in motility with Li (the equivalent

sound pressure level during sleeping time over an extended period) was much greater

than would have been expected solely on the basis of the increase in the probability of

noise-induced acute motility. The average increase in motility per dB(A) increase in
noise exposure appeared to be between 1.3 and 1,5 times greater for road traffic noise
than for aviation noise79.

In the first main phase of a British study of aviation noise, sleep disturbance and health
conducted by Smith er a/80, 543 subjects from Bristol were asked to answer a question-

naire. Due to lack of information about the noise exposure experienced by respondents,
their subjective perceptions of the problems they had experienced getting to sleep were

used to estimate levels of exposure to aviation noise when sleeping. Questions were

posed regarding health (based on the abbreviated version of the General Health Ques-

tiormaire), self-reported health, sensitivity to noise, sleep disturbance and negative

affectivity (utilising the Neuroticism Scale in Eysenck’s Personality Inventory). Signifi-
cant health differences and differences in sleep disturbance experience were detected

between the subjectively defined high-exposure and low-exposure groups. However,

once adjustment was made for the influence of age and degree ofneuroticism on health

and sleep disturbance, no statistically significant difference was found to exist between

the two groups.

In a follow-up survey, some of the respondents from the first main phase completed

a further questionnaire. When the findings from the second questionnaire were com-
pared with information regarding the same subjects gathered from the first question-

naire, it was found that diminished health, increased sleep disturbance and increased

sensitivity to noise were all associated with an increase between the survey dates in the

noise exposure perceived by the respondents. However, no link was found between
change in sleep disturbance and change in health. The researchers explained the findings

of the follow-up study as follows. If the original effect measured during the first main

phase is eliminated (by concentrating on the differences) and there is little situational
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change between the time of the first survey and the time of the second, (minor) changes
will not be correlated

A farther survey with an improved design was subsequently carried out. For this

survey, a number of locations in the vicinity of four airports were selected, some with a

relatively high aviation noise exposure, and some with a lower exposure. A total of 1 1 21

subjects were questioned orally and a further 658 subjects completed a written postal

questionnaire. Differences between the higher exposure and lower-exposure subjects

were detected in relation to the following parameters: perceived level of aviation noise
when trying to get to sleep, sleep disturbance, physical health and well-being, particu-

larly in terms of irritability, anxiety, depression and sadness. Even after making allow-

ance for other variables, sleep disturbance and health remained closely related. From

their findings, the researchers concluded that they were unable to demonstrate a causal

relationship between sleep disturbance and health. They added that it was also possible
that sleep disturbance was symptomatic of poor health

D.4.2.2 Self-reported sleep disturbance, self-reported sleep quality diminution, and
other self-reported effects of exposure to noise

On the basis of TNO’s Disturbance Knowledge Base, exposure-response relationships

have been defined for self-reported sleep disturbance by road, rail and air traffic97'98 for

use in an EU position paper. The main body of this report gives details of the relation-
ships involving self-reported high sleep disturbance and includes a discussion of the

findings.

The RIVM produced a report69 which considered the question of whether a quantitative

meta-analysis could be made of the results of research into the influence of road traffic
noise on perceived sleep quality and difficulty staying asleep. Although the RIVM
described several studies as being good quality, the researchers decided that it was not

possible to perform a meta-analysis because of discrepancies in the studies’ nomencla-
ture, methods, exposure determination techniques and approaches to adjustment for dis-

toning variables. Nevertheless, the Dutch researchers were of the opinion that there
were qualitative indications that road traffic noise was associated with diminished per-

ceived sleep quality and more difficulty staying asleep.

At the ICBEN2003 congress, the Dutch researcher Vos presented data from a question-

naire-based study of effects of gunshot noise on sleep111. Some of the findings are i11us-

trated in Figure 24. The graph shows the percentage of people who indicated they were
woken by gunshot noise (as established in Germany by Buchta) as a fbnction of the

average SEL (in dB(C)) of the noise discernible in the domestic environment. Informa-
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Figure 24 The percentage of people who in a questionnaire-based study indicated

being frequently awoken by gunshot noise. as a function of the average SEL (in
dB(C)) of the noise events111

tion about the number of noise events per night was not given, so it has not been possi-

ble to convert the data to Lui gIlt values to enable comparison with the dose-response

relationships for other noise sources. Vos was not (yet) able to make dose-response data
other than that illustrated in Figure 24 available*.

D.4.2.3 Health problems

The Dutch field research into the effects of aviation noise on sleep established a rela-

tionship between personal noise exposure when sleeping (n) and the frequency of

health problems included on the abbreviated Health Perceptions Questionnaire12’13

Compiled on the basis of stress research, the Health Perceptions Questionnaire identifies

thirteen health-related problems. such as headache, stomach-ache, tiredness and diges-

tive problems. It will be apparent that these are not life-threatening conditions. A rise in

aviation noise-related Zi from 0 to 35 dB( A) is associated with a two-fold increase in the
frequency of problems. The researchers considered whether a causal relationship

existed, or merely a relationship. The latter might be the case if, for example, people

with health problems were liable to get up later and were therefore exposed to the higher

high aircraft noise exposures that occur in the morning, resulting in relatively high LI

+ Vos. personal communication

Research into the consequences of night-time exposure to environmental noise when sleeping 169



values. However, analysis revealed that neither the moment of awakening nor any of the

other possible sources of bias investigated by the team had any influence on the relation-

ship between the frequency of health problems and Ef.

D.4.2.4 Making official complaints about noise

The submission of a complaint about noise may be regarded as symptomatic of reduced

well-being. Numerous factors influence a person’s inclination in a given situation to
make an 'official’ complaint about a noise-related problem. These factors include not

only the level of annoyance or inconvenience experienced, but also to some extent

whether the person knows who to complain to, how easy it is to make a complaint.

whether the person believes his/her complaint is likely to be acted upon, and if it is
known or suspected that other people are also making complaints. In the Netherlands,

people who have experienced problems caused by the noise from aircraft on their way to

or from Amsterdam's Schiphol Airport used to be able to complain to the Problem Desk

at the Schiphol Airport Committee on Noise-Related Annoyance (now superseded by
the Problem Desk at Cros, the Schiphol Airport Liaison Body). The RIVI\4 performed an

analysis of complaints to the Problem Desk180-181 and linked the data to the findings of a
questionnaire-based study182. Figure 25 illustrates the position between 1986 and 2001,

showing the number of problems, the number of complainants and the number of air-
craft movements. Approximately 15 per cent of problems were found to relate to noise
during the night ( 11 pm to 7am). From the data in Figure 25. it is also apparent that some

people complain repeatedly in the course of a year; in 2001, for example, the average

number of problems per complainant was thirty-seven.
The number of problems per thousand aircraft movements was 680 in 1997 and 410

in 2001. In 2003, the so-called 'Polder Runway’ came into use, despite considerable
opposition from people living near the airport. Provisional figures indicate that the num-

ber of problems in 2003 was double the number reported the previous year.
Approximately 15 per cent of all problems involved noise during the night (1 Ipm to

7am). Night flights (llpm to 6am) accounted for 4 per cent of the total number of

flights, and it is estimated that the number of aircraft movements occurring between
llpm and 7am was 8 per cent of the total183. It follows that night flights were linked to

approximately twice as many problems as flights during the day and evening, even

though the noisiest aircraft are not allowed to take off at night, so that night flights

should on average be a little quieter than flights during the day and evening.
In Figure 26, the prevalence of problems is shown as a function of Lden. Notably,

problems are less prevalent at the highest noise exposure than at a noise exposure of 61

to 62 dB( A). The researchers attribute this to the extra acoustic insulation fitted to

homes in the most heavily exposed areas. Below an Lden of 50 dB(A), hardly any
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figure 36 Prevalence of problems relating to particular flights into and out of
Schiphol Airport in 1998 (solid line) and 1999 (dotted line). with an estimate of the
uncertainty regarding the measurement points (half 95% prediction intervals), as a
function of Lac/7tsfy181
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omes have extra insulation; at an exposure of less than 60 dB(A). 20 per cent of homes

have better insulation; at 61 and 62 dB(A), the figure rises to approximately 55 and
70 per cent, and from 63 dB( A), approximately 90 per cent of homes are well insulated.

A questionnaire-based study182 has shown that the inclination to complain about

aviation noise is linked to levels of annoyance, sleep disturbance. health worries and

worry about air crashes.

DCMR runs a problem desk for people in the Rijnmond area who are experiencing

problems due to environmental noise associated with industrial activities, road, rail and

air traffic, etc184. Data on the complaints received in 2003 is presented in Table 18.

A total of 8303 problems were reported, of which 1265 (15 per cent) related to noise

during the night (midnight to 7am). The heading 'Other noise' covers low and high-fre-
quency machinery noise from unknown sources. Air traffic was the biggest cause of

problems during the day and over a twenty-four-hour period. Although there were no
regular scheduled night flights into or out of Rotterdam Airport, night-time aviation

noise accounted for 25 per cent of all problems during the night. Industrial noise caused

the fewest problems. It is interesting to note that relatively few complainants were con-

cerned about (road and rail) traffic. but a lot of people complained about noise from
events and bars, clubs and the like.

Table /8 Inventory of noise-related problems in the Rijnmond area reported to the DCMR Problem Desk in 2003 ls4

Number of problems per year Percentage of problems

Day and Night: midnight Twenty-four- Day and Night: midnight Twenty-four-
evening: 7am to 7am hour period evening: 7am to 7am hour period

to midnight to midnight
539 1 44 683 7.7

3423 316 3739 48.6

310 78 388 4,4

892 342 1 234 1 2.7

1 874 385 2259 26.6

7038 1265 8303 100

Traffic & transport

Air traffic

Industrial activities, etc

Bars. clubs. events. etc

Other noise

Total

1 1 ,4

25.0

6,2

27.0

30.4

100

8,2

45.0

4,7

14.9

27.2

100

D. 4, 3 Domestic acoustic insulation and influence on the effects of traffic noise

D.4.3.1 Domestic acoustic insulation

The Building Decree makes requirements regarding the sound attenuating characteris-
tics of new homes and other noise-sensitive buildings14. For protection against indus-

trial, road and rail traffic noise. each type of noise has to be limited to a twenty-four-
hour value of 55 dB( A). This implies an outdoor night-time equivalent sound pressure
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level of no more than 45 dB(A). If the characteristic attenuation provided by the build-
ing’s outside wall is 20 dB( A), in relation to the spectrum of the noise source in ques-

tion, this equates to an bright _ / value of no more than 25 dB(A). If the outdoor twenty-
four-hour value is higher than 55 dB( A), more stringent requirements apply. For protec-

tion against air traffic noise, requirements are made regarding the sound attenuating

characteristics of new homes and other noise-sensitive buildings exposed to aviation

noise exposures of more than 35 Ke*. The characteristic attenuation required depends on

the 'sensitivity class’ of the building and on the noise exposure in Ke, but is always at

least 27 dB(A)**.

D.4.3.2 The influence of additional acoustic insulation on the effects of traffic noise

In the Netherlands. there have only been a small number of isolated studies into the effi-

ciency and effectiveness of acoustic insulation in the reduction of perceived road and

aviation noise levels, or into people's views regarding such insulation114-119. Bitter er at

looked at the effects of fitting additional acoustic insulation to flats beside busy motor-
ways carrying 70,000 vehicles per twenty-four-hours in Dordrecht1 ]4 and Amsterdam 115.

In the Amsterdam study. 347 people completed an extensive questionnaire 2.5 years
after extra insulation had been fitted to their homes to protect against road traffic noise

(average additional attenuation 9 dB(A)). The questionnaire addressed matters such as

the levels of noise-related annoyance being experienced at the time and previously expe-

rienced before the extra insulation was fitted. The findings confirmed that the insulation
did reduce annoyance. Feedback regarding non-acoustic matters (humidity, ventilation

and ease of cleaning) indicated dissatisfaction with the new insulation, however.

Respondents were also asked about annoyance at different times during the twenty-four-
hour period. The findings are illustrated in Figure 27. #

From Figure 27, it is clear that, while night-time noise-related annoyance was
reduced by the fitting of extra acoustic insulation, the final outcome is less than ideal. A

similar picture emerged from the Dordrecht study114,

Van Dongen er a/116 carried out an exploratory study into sleep quality in homes fit-

ted with additional acoustic insulation in the vicinity of Amsterdam’s Schiphol Airport.

The team determined the relationships between the percentages of people 'sleep dis-
turbed’ and 'highly sleep disturbed’ and the outdoor noise exposure; the data was then

compared with the provisional relationships185 at the time for homes without special

Ke stands for 'Kosteneenheid’ (Kosten Unit, named after the Committee with professor Kosten as president ). the standard

unit of air traffIc noise exposure in the Netherlands until recently.

The Building Decree also makes requirements regarding acoustic insulation to protect against noise from installations in

the same or adjoining premises, regarding resonant sounds, and regarding inter-dwellings sound attenuation. expressed in
terms of 1111:k. ///1. and Ico
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Figure 27 Percentage of people who. 2.5 years after the fitting of extra acoustic insula-

tion to their homes, were highly annoyed by daytime and night-time noise at the time of

questioning ('after’) and prior to the fitting of extra acoustic insulation ( 'before’ ),
attributable to four classes of noise (c14 being the highest road traffic noise exposure.

and cII the lowest).

insulation. From this comparison, it emerged that percentages sleep disturbed and highly

sleep disturbed were slightly lower in the better-insulated dwellings than in 'ordinary

dwellings. However, the design of the study precluded the drawing of definitive conclu-

Three reports were published between 1994 and 1999117-119 regarding people’s gen-

eral views concerning modifications made to homes near Schiphol with a view to reduc-

ing aircraft noise-related problems. In 1994, opinion was gauged regarding the

additional insulation fitted in the first phase of the Schiphol Insulation Plan. The modifi-
cations were made before introduction of the Building Decree of 01-10- 1992117. In

1996. a comparison was made between satisfaction with the insulation packages

installed before the Building Decree. and satisfaction with the 'scaled down’ packages

installed since the Building Decree118. The third report recounted the proceedings of an

experts’ workshop at which the problems associated with the insulation plan were
addressed with a view to framing more flexible rules regarding acoustic insulation

options119. General feelings about acoustic insulation fitted before and after implemen-

tation of the 1992 Building Decree were broadly similar: 75 per cent of subjects felt the
insulation was good, 20 per cent rated it moderate, and 5 per cent thought it was poor.

Some 85 per cent of subjects reported that the insulation had reduced noise-related

annoyance indoors. Nevertheless, people in more than 55 per cent of the homes contin-

Sl ons
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tIed to experience at least slight noise-related annoyance, and people in 15 per cent of

the homes reported to be highly annoyed since the modifications were made. The distri-

bution patterns of both overall and night-time levels of aircraft noise-related annoyance

were clearly seasonal: on (cold) winter nights, 10 per cent of subjects often or always
experienced annoyance during the sleep period, compared with 40 per cent on (warm)

summer nights. The differences were closely related to the use of windows: only 25 per
cent of respondents said they slept with the bedroom window at least slightly ajar in the

winter. whereas 70 per cent did so in the summer.

Fidell and Silvati120 investigated what effect the fitting of insulation to attenuate avi-
ation noise had on levels of being annoyed and being highly annoyed. However. they did

not look specifically at annoyance during the sleep period.
In the UK, an extensive study was done to establish how effective extra acoustic

insulation was in reducing exposure to road traffic noise121. The average sound attenua-
tion achieved was 34 dB(A). Subjects whose bedrooms were adjacent to busy roads

experienced night-time noise exposures with an Lnight value of between 57 and

77 dB(A). In the specially insulated homes, 23 per cent of subjects whose bedrooms

faced the street reported being very highly or highly annoyed by night-time road traffic

noise; 25 per cent had difficulty getting to sleep because of the noise. and 30 per cent

said they were woken up at night by road traffic noise. The results proved to be influ-

enced to a considerable extent by whether the subject felt that, without the window

open. his or her bedroom was too hot in the summer: 37 per cent of those who felt

unable to sleep with the window closed in warm weather were very highly or highly

annoyed by night-time road traffic noise, whereas only 15 per cent of those who didn't

mind having the window closed experienced similar problems. Some 85 per cent of sub-
jects who said their bedrooms were too hot in the summer felt it necessary to sleep with

the window open.

In Japan 122, people living in the vicinity of Kaneda Air Base and consequently

exposed to very high night-time noise exposures caused by military jets were asked
about the effectiveness of the additional acoustic insulation fitted to approximately

60 per cent of homes in the area, and about their satisfaction with the insulation. Scores

for both effectiveness and satisfaction declined as noise exposures rose. from 80 and

60 per cent at a noise exposure with an estimated Lde tt of 65 dB( A). to 30 and 13 per

cent at an estimated Ldetr of 85 dB( A). The seven investigated aspects of sleep distur-
bance (difficulty getting to sleep, waking up, difficulty getting to sleep after waking up,

inconvenience caused by being woken too early in the morning, sense of having slept
badly. and doubt about the prospects for a good following night’s sleep) all proved to be

related to outdoor noise exposure, but no difference was found between people living in

specially insulated homes and people living in 'ordinary’ homes. The researchers took

the view that other forms of intervention. such as reducing night flying and switching to
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alternative flight paths, were necessary to reduce the impact of noise on the sleep ofpeo-

pIe living in highly affected areas near the base.

D.4.4 Inter-dwelling acoustic insulation and noise from neighbours

D.4.4.1 Inter-dwelling acoustic insulation

The Building Decree makes requirements regarding the ability of new homes to attenu-

ate sound from adjoining dwellings14. Sound attenuation between dwellings can be

expressed using an index for the attenuation of airborne noise (1l„)', where account is
taken of the volume of the reception room and the area of the common screening struc-

ture, it can be expressed using an index of characteristic sound attenuation (I /„.k). The
attenuation of contact noise between two dwellings is expressed using the contact noise

index (/.,). For new homes, an airborne sound attenuation requirement (I /„.k) of at least

0 dB applies. At an 1 1,„k of 0 dB, ordinary conversation in an adjoining home is audible,
but incomprehensible. The quality of airborne sound attenuation is rated on a three-level
scale

• Minimum: 1 1,„k of 0 to +5 dB (normal conversation in an adjoining home is audible,
but not comprehensible)

Good: 1 1,„k of +5 to + 10 dB( A) (normal conversation in an adjoining home is not
audible. the footsteps of a person in hard-soled shoes on a hard floor are readily

audible and sometimes annoying)

Very good: Il,„k greater than + 10 dB( A) (musical instruments, parties and the foot-

steps of a person in hard-soled shoes on a hard floor may be audible but are not

annoyIng).

•

D.4.4.2 Noise from neighbours

Leidelmeijer and Marsman99 published a report entitled Geluid \’a11 buren : hol'en , hinder

en sociale normen (Noise from Neighbours : Audibilitv, Anno vance and Social Norms)

regarding the findings of an interview-based study of 1242 households in the Nether-

lands, designed to shed light on the audibility of and annoyance associated with noise

from neighbours during the day and at night. As a follow-up to the questionnaire, noise

measurements were made in fifty homes. The researchers distinguished between five

types of noise:

• Noise from sanitary and heating systems
• Contact noise

• Noise from audio equipment

• DIY (Do-It-Yourself) noise
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• Noise from pets.

Distinction was also made according to the part of the house where the noise was audi-

ble or caused annoyance. The results are summarised in Table 19. 'Percentage for whom

audible' is the percentage of respondents who reported hearing the type of noise in ques-

tion. 'Percentage tolerant’ is the percentage of the respondents for whom the given noise

was audible who did not report being annoyed by it.

Table /9 Percentage of survey respondents able to hear and tolerant of each of five types of noise (where 'tolerant of’ medns able to

hear but not annoyed by. i.e. 100 - percentage of hearers reporting annoyance)99.

Part of house Sanitary and central Contact noise Noise from audio

heating systems equipment

Oh for o/0 tolerant % for % tolerant % for % tolerant % for % tolerant % for
u'hom n’horn whom whom \\’horn

audible audible audible audible audible

18 80 37 86 35 85 15 67 12

12 93 16 87 12 91 8 80 5
19 76 22 73 12 74 8
5 88 8 75 3 57 2

]3 3

14

9 5

10 91 14 71 5

l

1

DIY noise Pets

Q/, tolerant

Living room

Kitchen

Master bedroom

Other bedrooms

Bathroom

Other rooms

Landing/hall/stairs

Throughout house

97

95

80

83

87

100

1 00

80

100

73

65

75

89

100

100

89

88

88

76

70

100

100

100

86

1

0

7

8

8

28

Clearly, respondents were least tolerant of noise from their neighbours that was

audible in the master bedroom. Subjects were also asked whether they considered it

acceptable for the various noises to be audible by day, by evening or by night. Where

each of the five investigated types of noise were concerned, roughly 10 to 15 per cent of

subjects indicated that they felt it was unacceptable for the noise to be audible during the

day (for pets. the figure was 20 per cent; DIY noise was rated unacceptable on weekdays

by 5 per cent of respondents and on Sundays by 17 per cent: for noise from audio equip-

ment. the figure was 1 5 per cent). In each case, a higher percentage said the noise should

not be audible in the evening, and a still higher percentage did not want to hear the noise

at night (between 1 1 pm and 7am). Overall, nearly 30 per cent of subjects said that sant-
tary fittings should not be audible at night, while approximately 50 per cent felt each of

the other four types of noise was unacceptable by night.
The researchers concluded that audible noise from neighbours was by no means

always perceived to be annoying. Whether annoyance is caused depends on the timing,

the part of the house where the noise is audible, the volume, whether the noise is
expected, how often the noise is audible, the duration of the noise, whether the noise is
considered avoidable, and the number of sources.

Research into the consequences of night-time exposure to environmental noise when sleeping 177



Subjects were also asked whether they could hear voices in neighbouring homes.

While the percentage of affirmative answers varied according to the type of dwelling,
ordinary speech was to some extent audible in an average of 35 per cent of dwellings,

and partially or readily comprehensible in approximately 8 per cent of dwellings. Raised
voices could be heard, at least some to extent, in approximately 65 per cent of dwellings;

they were at least partially comprehensible in 27 per cent of homes and readily compre-

hensible in approximately 10 per cent.

The results of the acoustic insulation tests in fifty homes indicated no statistically

significant relationship between the airborne and contact sound attenuation indexes and

the audibility of (airborne) noise from neighbouring dwellings.

In 1993, Kranendonk et at produced a synthesis of the research conducted up to that

point in time into the annoyance associated with noise from neighboursloo. Their synthe-

sis covered four Dutch. one Swedish, one British and one French study. The various

studies used a variety of effect indexes (annoyance scoring systems) and a variety of

means of determining airborne and contact sound attenuation. Although it was, the
researchers reported. difficult to assess all the data on the same basis, they were able to

produce a table of synthesised findings (see Table 20). The average annoyance score
was detennined on a seven-point scale, where 7 equated to not annoyed and 1 to highly

annoyed. As will be apparent from Table 20, an lh, of zero corresponds to an average
annoyance score of 5. to 10 per cent of people experiencing to be highly annoyed and to

25 per cent of people experiencing some annoyance.

Table :0 Acoustic performance of a dwelling (in terms of //„ and Icol and the corresponding average

annoyance scores and percentages of people experiencing to be annoyed or highly annoyed1 O(L

h L Average annoyance ?6 people highly ?'a people annoyed
score annoyed (including highly

annoyed)

75

50

25

10

25

-13

-7

0

-7

-13

-5

0

+6

+ 11

+17

3

4

5

6

7

50

25

10

2.5

0.5

TNO produced a reportl01 on the relationship between noise from neighbouring

dwellings and the airborne and contact noise attenuating indices //„, 11,„k, and I .,. draw-
ing on data from a questionnaire-based survey of the residents of six hundred dwellings,

whose acoustic quality was determined in 202 cases. It was established that nearly half
of the respondents heard at least some noise from neighbouring dwellings every day.

Approximately 10 per cent of subjects found their neighbours’ noise highly annoying.
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IIu;10 • highly annoyed
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[] slightly annoyed

IIu=5
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%

Figure :8 Percentages of subjects slightly annoyed, moderately annoyed and highly

annoyed by noise from neighbouring dwellingsl01

The chief causes of annoyance were loud radios, hi-fis and TVs. the slamming of doors
and footsteps on floors and staircases. Nearly all respondents said that in their own

behaviour they were considerate of their neighbours and 80 per cent regarded them-

selves very tolerant of noise from their neighbours.

No relationship was established between contact noise-related annoyance and /,

value. This was not considered surprising by the researchers, because there was not a

great deal of spread in the contact noise index values of the dwellings.

The correlation between the percentages of people experiencing annoyance and //"
value is illustrated in Figure 28.

The percentages of people identified by the team as experiencing being annoyed and

highly annoyed at a given II„ value are broadly in line with the findings ofKranendonk

et a IIon . At an lh, of zero, the percentages are identical, while at higher and lower 1 I„ val-
ues there is a small difference

D.4.5 Data from inventory studies

The national inventory study9 carried out in 1998 asked respondents to indicate the
extent to which their sleep was disturbed by noise from various sources, by giving a

number between 0 and 10, where 0 = not disturbed at all and 10 = very highly disturbed.
A standardised method was then used to calculate the percentage of respondents report-

ing sleep disturbance and high sleep disturbance. This involved transforming the eleven-
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point scale into a continuous scale from 0 to 100. Respondents who scored 50 or more

on this scale were deemed to suffer from self-reported sleep disturbance, and those who

scored 72 or more to suffer from high self-reported sleep disturbance. This implies that
the number of respondents affected by sleep disturbance includes the number affected

by high sleep disturbance.

Table 21 gives the percentage of respondents reporting sleep disturbance and high sleep

disturbance due to each noise source. It is not possible to make comparisons between

source groups by simply aggregating the source group percentages, because it is not rea-

sonable to assume that the percentage of people affected by (high) sleep disturbance due

to a particular group of sources is the sum of the percentages for the individual sources
within that group. Where road, rail and air traffic is concerned, passenger cars, lorries

and mopeds are the sources to which most sleep disturbance is attributable (affecting,
respectively, 7. 6, and 10 per cent of respondents). Where neighbour noise and neigh-

bourhood noise are concerned, the predominant sources are contact noise (footsteps on

stairs. slamming of doors), radio, hi-fi & TV, and the noise from other human activities.

which were referred to by. respectively, 8, 6. and 8 per cent of respondents. Sleep distur-

bance due to noise from air or rail traffic, or to industrial noise is (much) less common

than sleep disturbance due to the above-mentioned sources.

Table 2/ Noise-related sleep disturbance associated with sources of various types9.

Source group Noise source Percentage ofrespon-

dents reporting s]eep

disturbance

7

3

6

l

5

10

4

0

4

0

2

1

I

0

0

Percentage ofrespon-

dents reporting to be

highly sleep disturbed
l

1

Road traffic Passenger cars and taxis

Delivery vans

Lorries

Buses

Motor cycles and motocross cycles

Mopeds

Motor-assisted bicvcles

Military vehicles

Passenger and cargo aircraft

Recreational, executive and advertising aircraft

Military aircraft (other than helicopters)

Helicopters

Trains

Trams

Light rail vehicles

4

0

I
0

1

0

O

0

Air traffic

Rail traffic
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Shipping Commercial shipping

Pleasure craft

Retail areas

0

0

0

0

0

0Commercial, industrial and

professional activities

Factories and business premises

Loading/unloading sites. etc

Lorry parks

Shunting yards and rail yards

Building and demolition sites

Road building

Agricultura] tractors

Civilian shooting ranges

Military exercise areas. shooting ranges, etc

Fairs, circuses, amusement parks, etc

Discos, dance halls. etc

Musical practice facilities

Sports fields. stadiums. sports halls, swimming baths, ten-
nls courts

Racing. motocross and carling circuits

Ultra-light aircraft

Model aircraft

Mass-participation open-air events

Noises from sanitary and heating systems

1

1

1

1

1

1

I

0

0

3

I

0

1

0

1

0

0

0

0

0

0

0

1

1

O

0

Recreational activities

O

0

0

l

3

O

0

0

1

1Noises from neighbouring
du'ellings

Contact noise (footsteps on stairs. slamming of doors)

Radio. hi-fi. TV

DIY equipment

Pets

Neighbours gardening noises

8

6

4

5

1

1

a

3

8

5

3

1

3

3

I

l

0

O

1

]

3

9

l

0

Other noises in the residential

en\’lronnrelrt

Noise from public spaces around one's home

Noise from children playing outside

Noise from street/public greenery maintenance

Other human noises

Noise from neighbours’ pets,'’animals

Church bells. mosques

Bottle banks
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In 2000, the Noord-Kenncmcrland Regjonal Health Authority carried out a written

inventory study18(’, in which 7728 people were invited to participate. The response rate
was 68 per cent, meaning that approximately 5250 people completed the questionnaire.

The subjects came from nine municipalities in the Noord-Kermemerland region (Aker-
sloot, Alkmaar, Bergen, Egmond, Graft de Rijp, Heiloo, Limmen, Schermer and

Schoorl). The questionnaire included a number of questions identical to those used for

the national inventory study9. The levels of high sleep disturbance reported by the
respondents are given in Table 22, along with the corresponding data from the national

study (for comparison). The percentages of people reporting high sleep disturbance in

Noord-Kennemerland are twice the corresponding national figures. Since no noise expo-
sure data is available for Noord-Kennemerland, it is not possible to establish whether the

high levels of disturbance are. at least to some extent, the result of noise exposures that

are above the national averages. Data from 2000/2001 for the province of North Holland

as a whole indicates that 6.3 per cent of homes in the province have an air traffic-related

Lnight value of 40 dB( A) or higher, compared with 1.9 per cent nationwide15. Where

noise from motorways. municipal roads and rail traffic is concerned, exposures in North

Holland are close to the national averages. The collection of an RIVM report released

on 24-05-2004 does not contain a provincial breakdown of urban road traffic levels (i.e.

the largest source of noise exposure in the Netherlands)15, so it is not possible to deter-

mine how the noise exposure due to urban road traffic in North Holland compares with
that in the country as a whole.

Table :: Noise-related sleep disturbance in Noord-Kennemerland186

Source Percentage of Noord-Kenne-

merland respondents reporting

to be highly sleep disturbed

10

7

6

5

S

4

3

Percentage of national survey

respondents reporting to be

highly sleep disturbed

4

3

7

3

2

2

N4opeds

Noise from neighbours
Motor cycles

Lorries

Passenger cars

Aircraft
Other
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Annex E

Sleep disorders and sleeping problems

In this annex, the Committee presents an overview of sleep disorders and sleeping prob-

lems. Particular attention is paid to insomnia, but other sleep disorders are also consid-
ered, albeit in less detail.

E.1 What is insomnia?

Insomnia can occur without being triggered by a particular illness or condition; such

insomnia is known as primary insomnia. Secondary insomnia, on the other hand. is a
consequence of some other illness or condition. Definitions of primary insomnia are

given in the ICD- 10 classifIcation of mental and behavioral disorders: clinical descrip-
tion and diagnostic guidelines published by the WHO90, in the Diagnostic and Stutisti-
cat Manual of Mental Disorders (DSM-IV) of the American Psychiatric Association\u

and in the Beknopte haudleiding bij de Diagnostische Criteria van de DSM-IV (Guid-
once Notes to AccompanY the Diagnostic Criteria of the DSM-IV) produced by the

Netherlands Association for Psychiatry (NVvP)188. In the latter publication, primary

psycho-physiological insomnia is defined as a condition that satisfies the following cri-
terra

• The principal complaint is difficulty getting to sleep or staying asleep, or not feeling
refreshed after sleep, persisting for at least a month.

• The sleep disorder (or the associated daytime tiredness) causes significant suffering

or impairment of the sufferer’s social or occupational performance or ability to func-

tion in some other important field.
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The sleep disorder does not only occur in the context ofnarcolepsy, sleep-related
respiratory disorder, circadian rhythm-related sleep disorder or parasomnia.

The sleep disorder is not a consequence of the direct physiological effects of a sub-
stance (narcotic, medication) or a somatic condition.
The sleep disorder does not only occur in the context of another psychological disor-

der (such as a depressive disorder, generalised anxiety disorder, or delirium).

The occurrence of chronic primary psycho-physiological insomnia is seen as the coinci-

dence ofendogenic causal factors, initiatory factors and sustaining factors189. Endogenic

causal factors are physiological factors such as raised heart rate, increased muscle ten-

sion and raised body temperature. together constituting a raised physiological state of

arousal. and psychological factors such as anxiety, nervousness and the inability to clear
the mind190

Factors that sustain insomnia and therefore act as obstacles to recovery include poor
(non-adapted) sleeping habits (inappropriate use ofsomnifacient drugs, staying in bed

too long, keeping irregular hours, excessive napping during the day) and worrying about

the possible consequences of not getting enough sleep (anxiety about failure during the

day, anxiety about losing control over situations. acquired sense of helplessness).

According to Vgontzas er al191 , their epidemiological research supports the hypoth-
esis that primary insomnia mainly involves chronic hyper-arousal. which is evident not

merely at night, but around the clock. They take the view that relatively little research

has been carried out into the effects of primary insomnia on the cardiovascular system.
They argue that their results indicate that people with primary insomnia are not only
more likely to suffer from psychological conditions, but also from physical conditions

such as hypertension and obesity (plus the associated metabolic abnormalities). Accord-

ingly, the researchers argue that the focus of treatment should be the hyper-arousal.
rather than the insomnia, which is merely a consequence of the hyper-arousal.

According to the Diagnostic and Statistical Manual o.f Mental Disorders (DSM-
IV)187 and the NVvP’s Guidance Notes\88 , secondary insomnia (insomnia in association

with another psychological disorder) is a condition that satisfies the first four criteria

given above for primary insomnia, is additionally associated with a so-called ' Axis I’ or
' Axis II’ disorder (such as a depressive disorder, a generalised anxiety disorder, or an

adjustment disorder accompanied by anxiety), and is sufficiently serious to warrant sep-
arate medical attention

Secondary insomnia can also be a consequence of other medical conditions, such as

pain, depression, night-time restless legs syndrome and alcoholism. Working variable

shifts, including night shifts, can induce or aggravate chronic insomnia.
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E.2 How prevalent is insomnia?

Ohayon describes more than fifty studies concerned with the prevalence of insomnia in

a broad sense (i.e. not merely primary psycho-physiological insomnia) in the population
at large192. The reviewed studies include estimates of the prevalence of insomnia, based
on four distinct criteria: difficulty getting to sleep or staying asleep, night-time manifes-

tations of insomnia accompanied by daytime problems arising from lack of sleep, self-
reported dissatisfaction with sleep quality, and insomnia diagnosed on the basis of

DSM-IV Approximately a third of the general populace is sometimes affected by

insomnia satisfying the first criterion. When the second definition is applied. 9 to 15 per

cent of the population are reckoned to be affected. Under the third definition, 8 to 18 per
cent of the population suffer from insomnia. By application of the DSM-IV classiHca-

tion, one arrives at a figure of 6 per cent for the average prevalence of insomnia in the

population at large. However insomnia is defined, it is more prevalent among women

than among men. Furthermore, insomnia becomes more common with increasing age,

except when defined on the basis of self-reported dissatisfaction with sleep quality.

Prevalence can also be expressed in terms of the estimated probability of sufFering a

significant sleep disorder at some time in one’s life. On this basis, the prevalence of

insomnia is put at roughly 30 per cent193; in other words, the average Dutch person has

approximately a one-in-three chance of falling victim to a significant sleep disorder at
some time or other

A German study involving two thousand adult subjects looked at the possibility of a
link between insomnia (as defined in the DSM-IV) and quality of life (as measured

using the abbreviated SF-36 questionnaire)194. Some 22 per cent ofinsomniacs rated
their quality of life as 'poor’ and 28 per cent as 'good’, while the corresponding figures

for subjects without sleeping problems were, respectively, 3 and 68 per cent. These fig-

ures must be treated with caution, however. since subjects’ quality of life will have been

influenced not only by their insomnia, but also by other illnesses and conditions.

Sleeping problems are not confined to adults. Kim et a/195 asked 1365 Chinese

youngsters aged twelve to eighteen about any sleeping problems they might have.

Nearly 17 per cent reported symptoms of insomnia, including difficulty getting to sleep
( 11 per cent). waking up in the night (6 per cent) and waking up too early in the morning

(2 per cent).

A great deal of research has been carried out into the prevalence of insomnia not

only in the population at large, but also in particular groups. Hence, insomnia is known
to be much more common among people affected by certain illnesses and medical con-

ditions than in the overall population19("221. For example, women who are pregnant or
have been pregnant in the last twelve months or so are at increased risk of insomnia222,
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E.3

E.3. 7

The consequences of insomnia and sleeping problems; association with
other illnesses and medical conditions

The direct consequences of insomnia

According to Stolk ef aP\ , insomnia has a substantial negative effect on quality of life.
In the quality-of-life weighting system developed by this team, insomnia, as diagnosed

by a GP. has a quality-of-life weighting of 0.83. In other words, a year suffering from
insomnia 'costs’ 0.17 years of healthy life. Various other authors have also reported neg-

ative effects of insomnia on quality of life18'194'223-226. People with chronic insomnia of
any kind also tend to perform less well at work and suffer memory and concentration

problems227. Insomniacs make disproporlionately great use of healthcare facilities and

medications, including somnifacient drugs and sedatives18-194’223-224,

E.3.2 Association of insomnia with other medical conditions and illnesses

When considering the relationships between insomnia and other medical conditions and

illnesses, it is important to distinguish between an association and a causal relationship.

Many researchers have reporled an association between cerlain abnonnalities, but have
failed to demonstrate the link between cause and effect. Schwartz er at made an exten-

sive survey of insomnia, cardiovascular disease and m ortalit\' risk on the basis of epide-

miological research data228. They consider it likely that insomnia and the associated
daytime tiredness are part of a more general syndrome that is associated with chronic

stress, causes autonomous dysfunction and brings an increased risk of cardiovascular

disease. Shaver er allo\ drew a similar conclusion on the basis of a study of middle-aged
\\'oITlerl .

Hge is not in itself a determining factor in the occurrence of insomnia209'225-229-231

which is attributable more to age-related phenomena, such as increasing lack of physical

activity. changes involving other lifestyle factors (obesity, use of alcohol), dissatisfac-
tion with the social environment, and illnesses and abnormalities

With a view to establishing whether chronic insomnia increased the risk of hvper-

tension . Suka ef at conducted a five-year longitudinal study involving 4,800 Japanese

workers232. Their conclusion was that people who have difficulty getting to sleep and
people who have difficulty staying asleep are more likely to develop hypertension (OR

respectively 1.9 and 2.0).
Numerous studies have been carried out into the link between depression and

( sometimes ill-defined) insomnia196'198'201 '2%-207'2 1 1'212-215'218'22(]'221'224-226'233-246. In most

of these studies, a statistically significant association was found, but no causal relation-
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ship demonstrated. One exception in this regard was the twelve-year longitudinal study

by Mallon er a/220. Among women, insomnia at the start of the research period proved to
be a statistically significant predictor of the development of depression during the

course of the study (odds ratio = 4.1). Insomnia was not found to be a predictor of sub-
sequent depression in men, however.

E.3.3 Association of sleep disorders and sleeping problems with road traffic accidents

Ohayon ef a/, who have carried out a large number of epidemiological

studies192'213'214'231 '2+4'247-255, take the view that dissatisfaction with sleep qualit\, is

much more closely related to sleep pathology than the phenomena of insomnia as such.

It is often assumed that sleeping problems play a role in road traffIC accidents
(RTAs). In this context, it is important to distinguish between sleeping problems and

incidental sleep deprivation. Having analysed data from the 1985 CARflle stud\'.
Webb256 concluded that drowsiness was the primary cause of 1 .6 per cent of accidents.

Connor257 produced an extensive survey of the significance of sleep disorders in

RTAs. Analysis of data from the cross-sectional studies produced no evidence of an

association between insomnia and the probability of involvement an RTA. However, the

case-control study258 did show up a statistically significant association between sleep

apnoea and the probability of injuly in an RTA.

E.3.4 Association of sleep disorders and sleeping problems with occupational acci-
dents

A number of studies indicate that sleeping problems increase the probability of involve-

ment in a ( fatal) occupational accident256’259-263. Over a twenty-year period, Akerstedt er
a/259 interviewed 47,860 people (men and women) by phone regarding sleep and health

factors and regarding specific work-related factors. By studying a register of deaths

(from which cases of suicide were excluded), the researchers identified 166 fatal occu-

pational accidents. Analysis found the following to be statistically significant predictors
of involvement: gender, sleeping problems in the two weeks prior to the interview (rela-

tive risk 1.6, 95 per cent confidence interval 1.2 to 2.9) and working outside normal day-

time working hours (relative risk 1.9, 95 per cent confidence interval 1.1 to 2.5).

A study of 880 construction workers by Chau and Gauchard260 revealed that sleep-
ing problems increased the probability of involvement in an accident with a moving

object on site (odds in No 2.3, 95 per cent confidence interval 1.3 to 4.1).

The same researchers2c’1 made a comparison between 427 women who had taken

sick leave as a result of falling at work after (physically) losing their balance, and a con-

trol group of 427 women. On the basis of interviews conducted by industrial doctors, it
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was concluded that there was an association between sleeping problems and the risk of

falling at work.

Lindberg er a/262 undertook a prospective study, in which 2,874 men completed a

questionnaire at the outset, and 2,009 completed a follow-up questionnaire ten years

later. Information about occupational accidents was obtained from a national register; it

was found that 247 of the 2009 men who completed both questionnaires had been
involved in a total of 345 accidents. Men who at the beginning of the study reported

both 'napping’ and feeling sleepy during the day proved to have been involved in more

occupational accidents; the link was statistically significantly, even after correcting for

numerous other factors capable of influencing the association between sleeping prob-

lems and occupational accidents (odds ratio 2.2, 95 per cent confidence interval 1.3 to

3.8). No statistically significant association was found involving men who napped but
did not feel sleepy during the day. or involving men who felt drowsy during the day but

did not take naps.

Melamed and Oksenberg263 interviewed 532 industrial workers in order to gather
information on the influence of drowsiness on the probability of involvement in an acci-
dent at work. By asking numerous questions, the number of accidents in the two years

prior to the interviews was determined. Analysis of the responses revealed that the prob-
ability of involvement in an occupational accident was higher, to a statistically signifi-

Depression in women

Accidents at work

Difficulty getting
to sleep and/or
stayjng aslee

Reduced quality of life

Insomnia
sleeping
roblems

Reduced cognitive
functioning
Use of health services
and/or somnifacient drugs

Insomnia

sleeping
lroblemsDissatisfaction

with sleep

Figure 29 Causes and backgrounds of insomnia and sleeping problems (chronic stress. dissatisfaction with

sleep. difficulty getting to sleep and/or staying asleep), consequences of insomnia/sleeping problems (indi-
cated with s) and the associations between insomnia/sleeping problems and other illnesses and medical con-
ditions (indicated with s).
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cant extent, among workers who reported feeling drowsy at work than among those who

did not (odds ratio 2.2, 95 per cent confidence interval 1.3 to 3.8).

Figure 29 illustrates the causes and consequences of insomnia and sleeping problems, as

well as the association that insomnia and sleeping problems have with other illnesses
and medical conditions.

E. 3. 5 Conclusions

On the basis of the foregoing, the following conclusions may be drawn:

• Insomnia has a negative effect on quality of life. People with chronic insomnia per-
form less well at work and experience memory and concentration problems. Insom-

nia increases usage of healthcare facilities and the consumption of medications, such

as somnifacient thugs and sedatives. Insomnia and the associated daytime tiredness

are part of a more general syndrome that is associated with chronic stress and causes

autonomous dysfunction.
People who are affected by insomnia are more likely to suffer depression (women),
obesity (plus the associated metabolic abnormalities) and cardiovascular disease.

People with sleeping problems are more likely to develop hypertension.

People with general sleeping problems (difficulty getting to sleep, difficulty staying

asleep, waking spells at night) are more likely to be involved in occupational acci-
dents.

•

•

In addition, the following conclusions may be drawn regarding heightened sensitivity to
lrlsonlr11a :

• Because of the association of insomnia with depression, hypertension, obesity and

cardiovascular disease, people with these conditions may be regarded as particularly
sensitive to insomnia. Women who are pregnant or have been pregnant in the last

twelve months or so are also more likely than the average person to experience a

period of insomnia.

• Age is not in itself a determining factor in the occurrence of insonmia2(>9'225'229-231

which is attributable more to age-related phenomena, such as increasing lack of
physical activity, changes involving other lifestyle factors (obesity, use of alcohol),
dissatisfaction with the social environment, and illnesses and abnormalities. As a

result, older people may also be regarded as particularly sensitive to insomnia and
sleeping problems.
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Annex F

Health Council Advisory Report
Assessing Noise Exposure for Public
Health Purposes (1997/23)

Methodology

In the Health Council’s 1997 advisory report assessing Noise Exposure for Public

Health Purposess , the 'Uniform environmental noise exposure metric’ Committee of the
Health Council proposed a system for determining noise exposures representative of the

twenty-four-hour daily cycle (EEL) and the overnight period (ENEL). This method

involves five steps:
\ Frequenc\' weighting of acute sound pressure levels

The Committee opted for A-weighting, i.e. sound pressure levels expressed

in dB(A), for both the twenty-four-hour daily cycle and the overnight period
2 Adjustment for special characteristics and combinations o.f sound pressure levels

The Committee assigned adjustment factors, as described below, to noises and noise

situations involving characteristics a, b. and c in a twenty-four-hour daily cycle or
an overnight period:
a Exposure to low-level industrial noise without impulse components: adjustment

factor above 60 dB( A), 0 dB(A); at 40 dB(A), 10 dB( A); in the range between,
calculated by linear interpolation

b Situations in which the noise includes audible tones: adjustment factor between

0 and 5 dB( A), depending on the frequency of the tone and the difference
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between the sound pressure level of the tone and the prevailing background
sound pressure level

Situations in which the noise includes (strong) impulse components: adjustment

factor 5 dB( A) for impulse noise (such as the sound of a low-flying military jet,

a car door slamming or church bells ringing) and 12 dB(A) for very impulse-like
(such as gunshot noise, metal beating, pneumatic hammering, shunting of rail

rolling stock).

C

The Committee attached certain qualifications to its proposal of the adjustment factors
for use in the assessment of a situation over a twenty-four-hour daily cycle. With regard

to assessment of the overnight period, the Committee indicated that consideration
should be given to further adjustments to take account of the possibility of sleep distur-

bance. “Although scientific evidence is lacking, the Committee considers it likely that
night-time exposure to noise with the characteristics listed above would result in

increased sleep disturbance. It therefore considers it prudent to provisionally apply these

adjustments also in deriving the ENEL metric, and recommends further research on this
nratteI

For the combination of sound pressure levels for parIs of a day, including the appli-

cation of adjustment factors for intervals in which sound with special characteristics
occurs, the Committee recommended working on the basis of the equivalent sound pres-

sure level over a given period.

3 The combination of (corrected) equivalent sound pressure levels for parts of a day to

give a value that is representative for a twenty-four-hour daily cycle
The Committee recommends adjustment factors of 0 dB( A) for the daytime (7am to

7pm), 5 dB( A) for the evening (7pm to 11 pm) and 10 dB( A) for the night (11 pm to
7am). The corrected equivalent sound pressure levels are exponentially averaged

Step 3 is not necessary when calculating an ENEL, since the combination of day,

evening and night values is clearly not relevant in relation to a night-only metric.
4 The combination of ddt\' exposure values to give a value that is representative for a

\’eal

No seasonal or weekday/weekend adjustment factors are proposed. The equivalent

sound pressure levels for each twenty-four-hour daily cycle of a year are exponen-

tially averaged. This results in a Ladjusted,den value. For Ladjusted,night, the Com-
mittee also recommends the exponential averaging of equivalent sound pressure

levels for the overnight period.
Noise source-related adjustments

The final step in the construction of uniform exposure metrics for the twenty-four-
hour daily cycle and the night involves adjusting Ladj ust ed,den and Lad.just ed .night

so that the exposure-response relationships of the various noise sources are in line

5
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with that of a selected source. The particular reference source selected by the Com-

mittee was road traffic. The proposed effect metric for the twenty-four-hour expo-
sure was the percentage of people experiencing high annoyance. However, other

effect metrics are generally used in other countries (in Germany for example, the
percentage of people experiencing annoyance is used). Consequently, the Commit-

tee, being made up of experts from various countries, developed the EEL on the

basis of the high annoyance percentage merely as an example. Using road traffic
noise as the reference source, differences between EEL and Ladjusted,den are given

for aviation and rail traffic noise. Depending on the noise exposure involved. these
differences are between +3 and +5 dB(A) for air traffic, and between -1 and -

8 dB(A) for rail traffic. The effect metrics given by the Committee for the night are
the percentage of people reporting high sleep disturbance and the annual frequency
of awakening due to a noise source. Because the information available at the time

regarding the exposure-response relationships for road, rail and air traffic noise was

not considered sufficiently reliable, the Committee decided against constructing an
ENEI

Applicability

The 'Uniform environmental noise exposure metric’ Committee considered the method-

ology valid for the assessment of noise in most more or less stable situations, but not for

the assessment of changes in noise situations over the short term. The Committee also

pointed out that the method was not designed for use in relation to low-frequency noise,

noise from incidental sources (such as rescue helicopters, ultra-light aircraft and adver-

tising aircraft). neighbourhood noise or noise from neighbours.
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Annex G

The distribution of traffic-related noise
exposure in the Netherlands

Enclosure accompanying letter (reference 1034/04 LOK/HD/wh) from HSMA Died-
eren, Environmental and Nature Planning OfTice, RIVM, dated 23 June 2004 to the
Health Council.

Updated distributions for Lden and Lnight

Table 1 Ldl'n % of dwellings per noise category, cumulative distribution of road traffic, rail traffic and air
traffic

0-50 dB

32

51-55 dB

31

31

56-60 dB

25

22

61-65 dB 66-100 dB

3NBG200 I a

2003b

9

37 8 9

Corrected memorandum Nachtelijke Blootstelling Gellad (Night-time Exposure to Noise). dated 24-
5-2004; noise maps 100 m resolution

Noise maps 25 m resolution
b

Table : Lnighl % of dwellings per noise category. cumulative distribution of road traffic, rail traffic and
air traffic

0-40 dB 41-45 dB 46-50 dB

30

51-55 dB 56-60 dB 61-100 dB

NBG200 I ’
2003b

23 27 15

12

4 1

29 29 26 3 I
a

Corrected memorandum Nac/Ire//yke BlootsteUing Geluid (Nighl-time Exposure to Noise). dated 24-

5-2004; noise maps 100 m resolution
Noise maps 25 m resolution.b
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With regard to Lden and Lnight, we advise adhering to the distributions given for

2003 in Tables 1 and 2 above. These figures are the best estimate we can currently make,

on the basis of the most recent information and modelling.

Explanatory notes

The distributions given above are based on noise maps plotted using RIVM’s EMPARA

model. This model makes use of data files with information on the positions of roads
and railways, from which the associated noise exposures are calculated for grid squares

using standard mathematics techniques. Noise maps for air traffic have also been
obtained from NLR.

Since the start of 2004, noise exposures have been calculated for grid squares of 25 by

25 metres (as opposed to the old 100 by 100 metre squares). The finer resolution allows

for more accurate reflection of the spatial variation in sound pressure levels actually
occurring in the vicinity of roads and railways. The updated distribution data therefore

differs from the distribution data published in 2001. but not to a particularly great extent.

The method we have used is described in the Ministry of Housing. Spatial Planning

and the Environment’s publication Naar een Lalrdelijk Beeld \’an l’ersTori ng (To\vards a
National Picture of Disturbance). publication no. 12, 1997. The accumulated noise
exposure includes the values for road traffic. rail traffic and air traffic

The reliability of the distribution data in Tables 1 and 2 depends not only on the scale

used, but also on the current validity of the traffic data. Hence, it is worth stating that the

data for motorways (obtained from AVV), railways (obtained from ASWIN), provincial
roads (obtained from ERC) and air traffic (obtained from NLR) was updated for the

2004 Environmental Balance (based on the situation in 2003) and are therefore up to
date

The basic data that we used for municipal roads, however, was incomplete and some-

what out of date. To enable us to nevertheless obtain a full picture, we estimated the eur-
rent traffic volumes on the majority of municipal roads using information about road

types and a limited set of data from recent traffic counts. Because the municipal traffic
data is to a large extent not based on recent volumetric figures and takes no account of

features such as screens and quiet asphalt, the calculated noise exposures for a given

location may differ considerably from the values that proper acoustic tests would return.

However, it is assumed that any anomalies will, statistically speaking, balance one
another out, so that the picture for the country as a whole and the associated distribution
pattern constitute a reasonable approximation of the actual situation
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Address

Fingal County Council
Planning Enforcement
County Hall
Main Street
Swords
Co Dublin
K67 X8Y2

June 28th, 2023

Re: Dublin Airport Northern Runway

Dear Sir/Madam,

Please find attached a copy of a filled out complaint form regarding alleged
Unauthorised Development with respect to the daa and the operation of Night time
flights at Dublin Airport.

We note that the North Runway became operational on August 24 a1, 2022.

An Bord Pleanala granted planning permission for the North Runway in 2007
(F04A/1755). Condition 5 of the planning permission states that:

5. On completion of construction of the runway hereby permitted. the average
number of night time aircraft movements at the airport shall not exceed
65/night (between 2300 hours and t)700 hours) when measured over the 92
day modelling period as set out in the reply to the further information request
received by An Bord Pleangla on the 5th day of March, 2007.

Reason: To control the frequene)’ of night flights at the airport so as to protect
residential amenity having regard to the information submitted concerning
future night time use of the existing parallel runway.

92 day Summer period
Since August 2022, the average daily number of night-time flights per month has
exceeded 65 for each month. From analysis of the further information requests
during the Oral Hearing in 2006, it is clear that the intention of An Bord Pleanala was
for a 65 movement limit once the North Runway had completed construction.
The daa have stated that the fact that Condition 5 specifies the 92 day Summer
average allows them flexibility not to enforce it until the Summer period. We are now
in this Summer period and the daa continue to ignore Condition 5. Below is the
average daily number of night-time flights per month since the North Runway
opened .There are in excess of 100 flights since June 15th.



AVERAGE DAILY NUMBER OF NIGHT FLIGHTS PER MONTH

111
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To avoid any confusion regarding the wording of Condition 5, below are flights that
occurred over the night of June 25th/26th inside the 92 day summer period.
There were 106 aircraft movements between 23:00 and 07:00.

The list of aircraft and their arrival and departure times are as follows:

4CA280

4CA4EB

4CA217

4CAFD2

4CA4F2

4CA214

4CA5C8

4CA76A

4CA63B

4A4D79

4A1921

4CA814

4CA245

EIN3 LG

RYR9SJ

EIN33W

RYR7BW

RYR3KR

EIN34Y

EIN40W

RYR19YK

EIN529

HYS252

FIA711

RYR60YF

RYRICG

El-DEJ

El-DPG

El-DEF

El-GXM

El-DPN

El-DEE

El-DVE

El-EFO

El-FNJ

YR-SKY

YR-FIA

El-EKV

El-DCO

Airbus A320-214

Boeing 737-8AS

Airbus A320-214

Boeing 737-800WL

Boeing 737-8AS

Airbus A320-214

Airbus A320-214

Boeing 737-8AS

Airbus A320-216

Airbus A320-232

Airbus A320-233

Boeing 737-8AS

Boeing 737-8AS

6/25/2023 23:00

6/25/2023 23:02

6/25/2023 23:04

6/25/2023 23:09

6/25/2023 23:11

6/25/2023 23:13

6/25/2023 23:15

6/25/2023 23:18

6/25/2023 23:23

6/25/2023 23:25

6/25/2023 23:26

6/25/2023 23:33

6/25/2023 23:40



4CADFE

4CAC55

RYR3JIVI

RYR94GT

RYR47H R

RYR4W

RYR2WK

EIN4VM

EIN63K

EIN24K

RYR5TC

EIN7VT

EIN497

RYR80RR

RYR3TD

RYR1443

RYR30U E

EIN737

FIA712

RYRIIYP

RYR2BY

RYR9YZ

EIN56V

TAP26T

RYR733K

EIN4RL

TOM71D

RYR52CV

RYR45 HY

RYR9PR

TOM2YE

RYR930J

RYR7AN

RYR7EH

RYR275Y

RYR3ZV

EIN799

BCS5QC

6/25/2023 23:42

6/25/2023 23:44

6/25/2023 23:46

6/25/2023 23:50

6/25/2023 23:57

6/26/2023 0:00

6/26/2023 0:10

6/26/2023 0:13

6/26/2023 0:20

6/26/2023 0:22

6/26/2023 0:24

6/26/2023 0:28

6/26/2023 0:31

6/26/2023 0:33

6/26/2023 0:35

6/26/2023 0:38

6/26/2023 0:40

6/26/2023 0:40

6/26/2023 0:42

6/26/2023 0:44

6/26/2023 0:46

6/26/2023 0:53

6/26/2023 0:59

6/26/2023 1:04

6/26/2023 1:14

6/26/2023 1:16

6/26/2023 1:18

6/26/2023 1:22

6/26/2023 1:24

6/26/2023 1:27

6/26/2023 1:32

6/26/2023 1:43

6/26/2023 1:55

6/26/2023 1:58

6/26/2023 2:00

6/26/2023 2:03

El-HGR

El-IFS

El-DCR

El-EML

El-EDS

El-DER

El-DVI

El-HEZ

El-DEG

El-GAM

El-DHP

El-DPV

El-IFR

El-IGY

EC-HDS

YR-FIA

9H-acu

El-HGO

El-HMY

El-DVM

CS-TPO

El-EVS

El-DEM

9H-G KJ

El-HGX

El-EFC

El-DLF

9H-GKK

El-EKD

El-EFO

El-DPN

El-HMZ

El-IFV

El-DEP

Boeing 737-8200

Boeing 737-8200

Boeing 737-8AS

Boeing 737-8AS

Airbus A320-214

Airbus A320-214

Airbus A320-214

Boeing 737-8200

Airbus A320-214

Airbus A320-214

Boeing 737-8AS

Boeing 737-8AS

Boeing 737-8200

Boeing 737-8200

Boeing 757-256

Airbus A320-233

Boeing 737-8AS

Boeing 737-8200

Boeing 737-8200

Airbus A320-214

Embraer 190-100LR

Boeing 737-8AS

Airbus A320-214

Airbus A320-232

Boeing 737-8200

Boeing 737-8AS

Boeing 737-8AS

Airbus A320-232

Boeing 737-8AS

Boeing 737-8AS

Boeing 737-8AS

Boeing 737-8200

Boeing 737-8200

Airbus A320-214

4CAC89

4CA251

4CA854

4CA770

4CA2CB

4CA6C4

4CACIF

4CA215

4CA837

4CA27D

4CA4F8

4CAC88

4CADE4

3412D3

4A1921

4D225B

4CAC53

4CAD64

4CA92D

49520F

4CAA58

4CA293

4D244D

4CADIO

4CA75E

4CA2C3

4D23A4

4CA802

4CA76A

4CA4F2

4CAC86

4CADA4

4CA2C9

4D2317



4CADBF

4CAFB3

RYR8ZK

RYR4QA

EIN4GJ

EIN499

EIN5HL

RYR69SB

BCS2882

EIN58R

BCS3TW

UPS248

EIN13K

ETH518

BCS2937

EINI04

ETH574

EIN ITC

EINIMN

EIN13R

UPS248

ETH500

EIN122

ETH518

EINllP

RYR16UU

ETH574

DLH983

AAL724

RYR4KU

RYRIWZ

EIN66V

QTR56X

AFR47GQ

RYR37GR

TOM ITE

RYR62ZZ

KLM68T

El-IGM

El-GSG

El-CVB

El-DEK

El-DEI

El-IGG

OE-LND

El-CVC

LZ-CGS

N391UP

El-FNG

ET-ARE

El-STS

El-DUZ

ET-ASH

El-LRF

El-DAA

El-LRH

N391UP

ET-ASL

El-GAI

ET-ARE

El-LRB

El-DLF

ET-ASH

D-AIDC

N775AN

El-IGM

El-DCO

El-CVA

A7-BCR

F-HZUM

El-IGG

9H-G KK

El-IGY

PH-NXJ

Boeing 737-8200

Boeing 737-800WL

Airbus A320-214

Airbus A320-214

6/26/2023 2:05

6/26/2023 2:07

6/26/2023 2:09

6/26/2023 2:11

6/26/2023 2:20

6/26/2023 2:28

6/26/2023 2:59

6/26/2023 3:02

6/26/2023 3:58

6/26/2023 4:01

6/26/2023 4:13

6/26/2023 4:23

6/26/2023 4:26

6/26/2023 4:28

6/26/2023 4:45

6/26/2023 4:48

6/26/2023 4:50

6/26/2023 4:53

6/26/2023 5:03

6/26/2023 5:09

6/26/2023 5:11

6/26/2023 5:37

6/26/2023 5:47

6/26/2023 5:55

6/26/2023 5:57

6/26/2023 6:06

6/26/2023 6:08

6/26/2023 6:10

6/26/2023 6:12

6/26/2023 6:13

6/26/2023 6:15

6/26/2023 6:17

6/26/2023 6:19

6/26/2023 6:21

6/26/2023 6:23

6/26/2023 6:24

4CA15D

4CA27F

4CA281

4CADC4

Airbus A320-214

Boeing 737-8

Boeing 757-223SF

Airbus A320-214

440BCI

4CA15C

451D99 Boeing 737-4Q8F

Boeing 767-304ERSF

Airbus A330-302

A48850

4CA614

40087

4CAA4F

Boeing 787-8

Boeing 737-48EF

Airbus A330-3024CA5C7

4CA15E

40102

4CABD2

Boeing 787-8

Airbus A330-202

Airbus A321-253NXVLR

Boeing 767-304ERSF

Boeing 777-360ER

Airbus A330-302

4CABD4

A48850

40106

4CA7D8

40087

4CA9BB

4CA2C3

40102

3C6483

AA7B A7

4CADBF

4CA245

4CA13D

06AOB6

39E68C

4CADC4

4D23A4

4CADE4

486493

Boeing 787-8

Airbus A321-253NXVLR

Boeing 737-8AS

Boeing 787-8

Airbus A321-231

Boeing 777-223ER

Boeing 737-8200

Boeing 737-8AS

Airbus A320-214

Boeing 787-8

Airbus A220-300

Boeing 737-8

Airbus A320-232

Boeing 737-8200

Embraer 195-400STD-E2



4CADA4

4CAFB3

ABIOCB

4CA7B5

4CAC86

4CA251

40106

4CA2CA

4CAC84

4CA76A

4CA15C

4CA92D

4CA217

4CA640

4CAA58

4CAD7A

4CACIF

4CA280

4CAC53

4CABD4

4CA854

RYR36LU

RYR6MR

AAL722

RYR23XX

RYR12UY

RYR80CQ

ETH500

EIN23F

RYR22MD

RYR30QZ

EIN59K

EIN40G

EIN60H
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Condition 5 is one of the two conditions that the daa are actively trying to amend via
their planning application F20A/0668. This application is currently under appeal with
An Bord Pleanala. The planning notice clearly states that it’s the daa’s intention to
replace Condition 5 with a Noise Quota System (NQS).

The accompanying documentation for application F20A/0668 clearly states that the
daa believe that flights will be lost once the North Runway commences operations. In



section 3.2.10 of the revised EIAFt, the daa provide figures for 2022-2025 and the
projected lost passengers:

3.2.10 Table &1 presents the assessed tn[>act of the Permitted Scnlario is a cumulatIve loss over the 4.year
perIOd 2022.'2025 af 6.3m pmsengers when compared WIth the Proposed Scenario

Table 3-1 . Annual Traffic Impact Summary (millions of passengers)

2022 2023 2024 2025 2022.2025 Total

Prop098d 21.0 26. 7 30.8 32.0 1 10.5

P8rrntted 19.6 24.9 29.3 30.4 104.2

Dlft8r6rloo .1 .4 . 1.8 -1.6 -1 .6 4.31

Source. QuanVftcaban of Impacts on Future Gmwrn. upaato 2022 . 2025 P8ncx! IMeI! MacDonald. 2021y

The daa predicted a loss of 1 .4m passengers in 2022 due to Conditions 3(d) and 5.
But the daa are currently ignoring Condition 5 and lost no passengers.

So the daa have used Condition 5 to mislead Fingal County Council into granting
them permission for F20A/0668 and yet they are ignoring Condition 5.

The daa have stated in correspondence that they are relying on the advice of the
Commission for Aviation Regulation (CAR) who is responsible for slots at Dublin
Airport, for their non-compliance with Condition 5. The CAR is not the planning
authority, Fingal County Council is.

In a document received via FOI titled '20171017_ 388690 - DAA Operating
Restrictions - 2017 report v1 .2 Final_ Redacted . pdf , the daa’s consultants Mott
MacDonald, clearly state that ' Although the night restriction compliance is measured
over the 92 day period, spirit of the restrictions would require night period
scheduling limits to be applied on a year-round basis’.
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As current operations at Dublin Airport breach Condition 5 of planning application
F04A/1755 and of An Bord Pleanala permission PL 06F.217429, we request that
Fingal County Council immediately enforce compliance with the limit of 65 flights at
night. The current operations are putting the health of residents at risk.

Yours Sincerely

Signature

Name



Planning Enforcement Fingal County Council

Complaint Form Regarding Alleged Unauthorised Development

(Please read the notes before completing this form)

Address of where the alleged
unauthorised development is
being carried out:

Dublin Airport and surrounding
communities

2. Full description of the alleged
unauthorised development:

daa operating greater than 65 flights at
night contravening Condition 5 of the 2007
Planning Permission for the North Runway
F04A/1 755)

3. Date work/use commenced: 1 2023

4. Name and Address of Property
Owner/Occupier:

Dublin Airport Authority, Fingal, Co Dublin

5. Name and Address of person
carrying out alleged
unauthorised development:

Dublin Airport Authority and airlines arriving
and departing from the airport

6. Name and Address of Developer: Dublin Airport Authority, Fingal, Co Dublin

7. Any other relevant information
regarding the location, previous
use. etc.

Please see additional information above

8. Your name and address (this
information will be kept
confidential):

Name

Address

9. Your telephone number: Phone number

10. Your Email address: email



I HAVE READ THE NOTES RELATING TO THIS FORM AND UNDERSTAND THE
IMPLICATIONS OF SAME

Signature: Signed:

Date:

Note: Complaints will not be investigated
unless name and address are given
and the form is signed

PLEASE COMPLETE THIS FORM AND EMAIL TO: planning.enforcement@fingal.ie
OR POST TO ADDRESS BELOW

Fingal County Council
Planning Enforcement
County Hall
Main Street
Swords
Co Dublin
K67 X8Y2



ADDITIONAL INFORMATION

Site location map
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CE Order Reference PENF/0133/2023

COMHAIRLE CONTAE FHINE GALL
ENF No

23/1 DOB FTNGAL COUNTY COUNCIL

RECORD OF CHIEF EXECUTIVE'S ORDER

LX THE MATTER OF THE LOCAL GovEFLVTENT ACT 2001 (AS AMENDED}

AND IN THE MATTER OF THE PLANNING AND DEW;LOPNIENT ACT 2000 {AS AMENDED)

SECTION 153 OF THE PLANNING AND DEVELOPMENT ACT 2000 (AS AMENDEDJ

Section 153 – Decision on Enforcement

SUBJECT
Whether to issue an Enforcement Notice

Lands: Dublin Airport, Co. Dublin

Planning Permission : Planning Authority Reg. Ref No: F04A''1755
ABP Ref. No: PL 06F.217429

North Runway Permission - Condition 5

Enforcement Complaint: Unauthorised development comprising development carded out in non-
conformity with Condition 5 of the North Runway Permission (Planning

Authority Reg. Ref No: F04A/ 1755 / ABP Ref, No: PL 06F.2 17429)

WHEREAS Dublin Airport Authority plc (“ dan") obtained a grant of planning permission, following an

appeal to An Bord Pleanala, for development comprising. inter alia, the development of the North

Runway ('-the North Runway Permission’- - Planning Authority Reg. Ref No: F04A/1755 / ABP Ref. No:

PI, 06F,217429) . the said grant of permission was subject to 3 1 Conditions, including Condition 5 which

provides:

“On completion of construction of the runway hereby permitted, the average number of night time

aircraft movements at the airport shall not exceed 65/night (between 2300 hours and 0700 hours)

when measured over the 92 day modelling period as set out in the reply to the further information

request received by An Bord Pleanala on the 5th day of March, 2007.

Reason: To control the frequency of night flights at the airport so as to protect residential amenity

having regard to the information submitted conceming future night time use of the existing parallel

Iunway.
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CE Order Reference PENF/0133/2023

The application documentation, including the EIS and information provided by way of further

information, the Inspector’s Report and the Board Order provide the context to the imposition of

Condition 5 ;

A\D WHEREAS a complaint was received by Fingal County Council (“Me CourrciP’), on 24tt1 March

2023, and subsequent complaints followed, in relation to alleged unauthorised development at the Lands

– being non-compliance/non40nforndty with Condition 5 of the North Runway Permission (Planning

Authority Reg. Ref No: F04A/1755 / ABP Ref. No: PL 06F.217429) and including an alleged exceedance

over the permitted number of night time aircraft movements;

AND WHEREAS pursuant to s. 152( 1)(a) of the Planning and Development Act 2000 (as amended) C' the

2000 Act '), having considered the said complaint, the Council issued a Warning Letter, dated 25th April

2023. to the dm in respect of the alleged unauthorised development – being alleged non-compliance/non-

conformity with Condition 5 of the North Runway Permission (Planning Authority Reg. Ref No:

F04A/1755 / ABP Ree No: PL 06F.217429);

AND FURTHER WHERE the daa responded to the said Warning Letter, pursuant to s.152(4)(b) of the

2000 Act, setting out its response to the allegation of unauthorised development by way of
correspondence, dated 23'd May 2023 – which included support documentation;

AND WHERE, as part of the Council’s investigation into the matter, further information/clarification

was sought from the dm by way of correspondence, dated 9th June 2023 and 15th June 2023, and the daa

responded to same by way of correspondence, dated 14th June 2023 and 19:b June 2023 ;

HAVING CONSIDERED, inter alia, the complaint received and the responses from the daa, including

supporting documentation (including the aforesaid) and having considered the Council’s Planning Report,

dated 18th July 2023, together with the Appendices to same, prepared as part of the Council’s investigation

into the alleged unauthorised development and the recommendation therein;

AND NOTING that the Council’s Planning Report, dated 18th July 2023, provides, inter aha: a summary

of the relevant planning history to the Lands – including rnatters relevant to Condition 5; a summary of

the complaint received per s.152; details on the Warning Letter issued pursuant to s.152; outlines and

considers the various responses/arguments made by daa in response to the said Warning Letter; a response
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CE Order Reference PENF/0133/2023

to the said responses/arguments made by daa; outlines an interpretation of Condition 5 of the Planning

Permission;

AND HAVING NOTED AND CONSIDERED the requirements of section 153 of the 2000 Act,

including inter alia the following provisions which provide, inter alia-.

''( 1) As soon as may be after the issue of a warning letter under section 152. the planning authority

shall make such investigation as it considers necessary to enable it to make a decision on whether

to issue an enforcement notice or make an application under section 160.

(3) A planning authoHty, in decidIng whether to issue an enforcement notice shall consider any

representations rnade to it. . . and any other material considerations.

(7) Where a planning authority establishes, following an investigation under this section that

unauthorised development (other than development that is of a trivial or minor nature) has been or

is being carded out and the person who has carried out or is carrying out the development has not

proceeded to remedy .the position. then the authority shall issue an enforcement notice under section

154 or make an application pursuant to section 160, or shall both issue such a notice and make such

an application, unless there are compelling reasons for not doing so

RECOMNIENDATIOX’ of the SENIOR EXECUTIVE PLANNER: Accordingly, in accordance with

section 153(1) of the 2000 Act, having considered the proper planning and sustainable development of

the adnlinisUative area of Fingal County Council including the pnservation and improvement of the

amenities thereof, and having carried out an investigation such as to enable it to make a decision in

accordance with section 153(1) of the 2000 Act and having considered representations made to it

under section 152(1)(a) and submissions or observations made under section 152(4)(b) and any other

material considerations, I recommend that an enforcement notice issue pursuant to section 154 of the

Planning and Development Act for the following reasons:

• The use of the airport for night-time aircraft movements was, for the reason of protecting

residential amenity, limited by An Bord Pleanala in the consent of the North Runway. Night-time

use of the airport was limited by Condition 5 to levels of activity subnlitted by the daa in the course

of the application;
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CE Order Reference PEN F/0133/2023

• Residential amenity is protected by Condition 5 by way of mitigation of an identified significant

impact through the control of the frequency of that impact, to an intensity of use forecast by the

dm at the time of the application to extend the airfield by construction of the North Runway. An

Bard Pleanala confirmed and determined the magnitude of night-time flights acceptable in its

consideration of proper planning and sustainable development. The night-time use was limited in

this manner by An Bord Pleanala to address concerns regarding the cumulative impact of the

proposal in combination with existing development;

• The North Runway has been constructed and became operational on the 24 August 2022. A

scheduling and slot allocation process was undertaken and a summer 2023 operating schedule was

determined and is currently in operation;

• The summer schedule which is being carried out is in breach of the limit applied in Condition 5;

• Taking account of the foregoing, it is therefore concluded that by virtue of the scheduled and actual

operations reported, the frequency of night flights in Dublin Airport is not in conformity with

Condition 5 of the North Runway permission and is for that reason unauthorised development.

The 2000 Act, including s.154(5)(a)(ii) provides that the planning authority can issue an

Enforcement notice to require the daa, to proceed with a development in conformity with

Condition 5;

' Unauthorised development is occurring and will continue to occur in non-conformity with

Condition 5 and that unauthorised development is occurring at the Lands and development is not

being carried out in conformity with Condition 5 of the North Runway Permission (Planning

Authority Reg. Ref No: F04A/1755 / ABP Ref. No: PL 06F.217429);

• The daa has not sought to remedy the said unauthorised development, there are no compelling

reasons for not taking enforcement action, having regard to the nature of the unauthorised

development at issue and the nature of Condition 5, including the reason/purpose of same;

• in circumstances where unauthorised development is occurring and will continue to occur at

Dublin Airport, contrary to Condition 5 of the North Runway Permission (Planning Authority Reg.

Ref No: F04A/1755 / ABP Ref No: PL 06F.217429) comprising the continued and ongoing

exceedance of the permitted average number of night-time (between 2300 hours and 0700 hours)
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CE Order Reference PEN F/0133/2023

aircraft movements at the airport – being a permitted average of 65 aircraft movements per night

when measured over the 92-day modelling period;

• Noting the nature of the unauthorised development and the evidence presented and matters

discussed in the aforesaid Report dated 18th July 2023 and appendices thereto, it is considered that

a period of 6 weeks for compliance with the terms of the Enforcement Notice is reasonable and

appropriate in the circumstances.

&d;., ,,a
e hill
\

Senior Executive Planner

ORDER:

The report entitled Informing a ''decision on enforcement“ under Section 153 of the Planning and

Davelopnrent Act 2000 (as arnetrded) from the Senior Executive Planner dated the 18th July 2023 and the

appendices attached thereto have been considered. The findings and recommendations and the reasons set

out therein to issue an enforcement notice pursuant to section 154 of the Planning and Development Act

are hereby ACCEPFED and ADOPTED in this decision.

In accordance with section 153(1) of the 2000 Act, having considered the proper planning and sustainable

development of the administrative area of Fingal County Council including the preservation and

improvement of the arnenities thereof, and having carried out an investigation such as to enable it to make

a decision in accordance with section 153(1) of the 2000 Act and having considered representations made

to it under section 152(1)(a) and submissions or observations made under section 152(4)(b) and any other

material considerations the Planning Authority hereby DECIDES and SO ORDERS that an enforcement

notice issue pursuant to section 154 of the Planning and Development Act for the following reasons:

The use of the airport for night-time aircraft movements was, for the reason of protecting

residential amenity, limited by An Bord Pleanala in the consent of the North Runway. Night-time

use of the airport was limited by Condition 5 to levels of activity submitted by the daa inthe course

of the application;

• Residential amenity is protected by Condition 5 by way of mitigation of an identified significant

impact through the control of the frequency of that impact, to an intensity of use forecast by the
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daa at the time of the application to extend the airfield by construction of the North Runway. An

Bord Pleanaia confirmed and determined the magnitude of night-time flights acceptable in its

consideration of proper planning and sustainable development, The night-time use was limited in

this manner by An Bord Pleanala to address concerns regarding the cumulative impact of the

proposal in combination with existing development;

• The North Runway has been constructed and became operational on the 24 August 2022. A

scheduling and slot allocation process was undertaken and a summer 2023 operating schedule was

determined and is currently in operation;

• The summer schedule which is being carried out is in breach of the limit applied in Condition 5;

• Taking account of the foregoing, it is therefore concluded that by virtue of the scheduled and actual

operations reported, the frequency of night flights in Dublin Airport is not in conformity with

Condition 5 of the North Runway permission and is for that reason unauthorised development.

The 2000 Act, including s.154(5)(a)(ii) provides that the planning authority can issue an

Enforcement notice to require the daa, to proceed with a development in conformity with

Condition 5;

• Unauthorised development is occurring and will continue to occur in non-conformity with

Condition 5 and that unauthorised development is occurring at the Lands and development is not

being carried out in conformity with Condition 5 of the North Runway Permission (Planning

Authority Reg. Ref No: F04A/1755 / ABP Ref. No: PL 06F.217429);

• The daa has not sought to remedy the said unauthorised development, there are no compelling

reasons for not taking enforcement action, having regard to the nature of the unauthorised

development at issue and the nature of Condition 5, including the reason,/purpose of same;

• In circumstances where unauthorised development is occurring and will continue to occur at

Dublin Airport, contrary to Condition 5 of the North Runway Permission (Planning Authority Reg.

Ref No: F04A/1755 / ABP Ref No: PL 06F.217429) comprising the continued and ongoing

exceedance of the permitted average number of night-time (between 2300 hours and 0700 hours)

aircraft movements at the airport – being a permitted average of 65 aircraft movements per night

when measured over the 92.day modelling period;
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• Noting the nature of the unauthorised development and the evidence presented and matters

discussed in the aforesaid Report dated 18'h July 2023 and appendices thereto, it is considered that

a period of 6 weeks for compliance with the terms of the Enforcement Notice is reasonable and

appropriate in the circumstances.

2g/67 / zoZ3

Senior Planner

Dated

thereunto empowered by order of the Chief Executive, Fingal CountY Council C.E
No 8539 delegating to me all powers, functions and duties in relation to the
Council of the County of F;ngal in respect of this matter.
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BNF No: 23/100B

s.153 CE N„ PEhT/c>\1,3/2023

S. 154 CE No: PENF/a \\q ,’2023

CONiHAiRLE CONTAE FHINE GALL

FINGAL COUNTY COUNCIL

IN TIIE MATTER OF THE LOCAL GOVERNMENT ACT 2001 (AS

AMENDED)

AND IN THE MATTER OF THE PLANNING AND DEVELOPMENT ACT

2000 (AS AMENDED)

ENFORCEMENT NOTICE
Section 154 of the Planning and Development Act 2000 (as amended)

DEVELOPMENT CARRIED OUT IN NON-CONFORMITY WITH A GRANT
OF PLANNING PERMISSION IN CLITDING CONDITIONS

To: daa Public I'imited Company,
Three, The Green.

Dublin Airport Central,
Dublin Airport,
Swords, Co. Dublin K67 X4X5

Re: Lands at Dublin Airport, Co. Dublin (“Me Lands”).
Planning Permission for the North Runway - Planning Authority Reg.
Ref No: F04A/1 755 / ABP Ref. No: PL 06F.217429

Condition 5

WHEREAS Fingal County Council (“ the Council"), being the Planning Authority
for the functional area in which the above mentioned Lands are located, having
considered only the proper planning and sustainable development of the
administrative area of Fingal County Council, including the preservation and
improvement of the amenities thereof. any representations made to the Council under

section 152(1)(a) of the Planning and Development Act 2000 (as amended). any
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submissions or observations made under section 152(4)(b) of the Planning and
Development Act 2000 (as amended) and any other material considerations, and
having investigated the matter, has, in accordance with section 153 of the Planning
and Development Act 2000 (as amended) decided to issue this Enforcement Notice.

AND WHEREAS subsequent to the 1 st day of October 1964 and 'wIthin seven years
immediately preceding the date of this Notice, the following development is being

carried out, and will continue to be carried out, in non-conformity with Condition 5 of
the Planning Permission for the North Runway (Planning Authority Reg. Ref No:
F04A/1755 / ABP Ref No: PL 06F.217429) being the continued and ongoing
exceedance of the permitted average number of night time aircraft movements at the

airport being 65 aircraft movements per night namely between 2300 hours and 0700

hours (when measured over the 92 day modelling period as set out in the reply to the
further ihformadon request received by An Bord Pleanala on the 5th day of March,
2007)

MD WHEREAS the reason for Condition 5 was to control the frequency of night
flights at the airport so as to protect residential amenity having regard to the
information submitted concerning future night time use of the existing parallel
runway.

YOU ARE HEREBY REQUIRED, pursuant to section 154 of the Planning and
Development Act 2000 (as amended) within 6 weeks of the date of the service this
Notice to proceed with the development in conformity with Condition 5 of the
Planning Permission for the North Runway (Planning Authority Reg. Ref No:
F04A/1755 / ABP Ref. No: PL 06F.217429) so that the average number of night-time
(between 2300 hourg and 0700 hours) aircraft movements at the airport is 65 aircraft
movements per night or less - when measured over the 92-day modelling period;

AND TAKE NOTICE that you are further required to refund the Council the sum of
€350.00 being the sum of costs and expenses reasonably incurred by it in relation to
the investigation, detection and issue of this Enforcement Notice and any Warning
Letter issued under s.152 of the Planning and D.evelopment Act 2000, as amended,
including costs incurred in respect of the renumeration and other expenses of its
employees, consultants and/or advisors pursuant to s.154(5)(d) of the Planning and
Development Act 2000, as amended.

AND TAKE NOTICE that, if within the period specified above, or within such
extended period (not being more than 6 months) as the Council may allow, the steps
specified in this Notice to be taken are not taken. the Council may, insofar as same is
relevant/applicable to the unauthorised development complained of herein, enter on
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Cornhairfe Contae Fhine Gall
Fingal County Council

An Roinn um Pteaniil agus
Infr3struchtClr Stratt6iseach
Planning and Suategic
Infrastrucmre Department

the land and take such steps. including the removal, demoLition or alteration of any
structure, and may recover any expenses reasonably incurred by them in that behalf.

AND TAKE FURTHER NOTICE that if, within the said period above, or within
such extended period as may be allowed by the Council (not being more than six
months'). the steps in this Notice to be taken by you, have not been so taken. you may
be guilty of an ofFence.

If the Council decides to prosecute you for non-compliance with this Notice and you

are found guilty of an offence by the Courts, you may be liable on summary
conviction to a fine not exceeding C5,000 and/or imprisonment for a term not

exceeding 6 months or both or on conviction following trial on indictment to a fine
not exceeding €12,697,381 and/or a term of imprisonment not exceeding 2 years or
both

You will further be liable on conviction for the costs and expenses of such
prosecutIon.

Dated:

Signed :

The Z IL day of _ TV 2023

To whom the

srs g appropriate powers have been delegated by
of the C-hief Executive, Fingal County Council

Order of CE

To be Served On: daa Public Limited Company,
Three, The Green,

Dublin Airport Central,
Dublin Airport.
Swords, Co. Dublin K67 X4X5

being the owner and person carrying out the unauthorised development.
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12/23/24, 3:03 PM Mail - Liam O'Gradaigh - Outlook

a Outlook

RE: ENF 24/263 - Dublin Airport 32 Million Cap

From Planning Enforcement <Planning.Enforcement@fingal.ie>

Date Mon 23/12/2024 05:14

Dear Sir/Madam,

I wish to inform you that a Warning Letter pursuant to Section 152 of the Planning and Development Act 2000, as

amended, issued on the 17th December 2024, in relation to your complaint regarding the above.
The particulars of the Warning Letter are as follows:

This alleged unauthorised development comprises:

• Exceedance/breach of the 32 million per annum passenger capacity restriction for the year 2024 (January
2024-December 2024) contrary to Condition No. 3 of Planning Permission F06A/1248 (PL 06F.220670)
and Condition No. 2 of Planning Permission of F06A/1843 (PL 06F.223469).

Please be advised that this matter is receiving the full attention of the Planning Enforcement section.
When an update is available to you, you will be notified in writing.

Kind regards,
E. H.

On behalf of
Fearghal McSweeney Administrative Officer Planning & Strategic Infrastructure Department
County Council County Hall Main Street Swords Co. Dublin K67 X8Y2
Ph : (01 ) 8905000
Email: planning.enforcement@fingal.ie

Fingal

CateIH+ CHU+
rIHB Gla
hIrO ($a+)
Cobra

This email and any files transmitted with it are confidential and may be legally privileged. It is intended
solely for the addressee. If you are not the intended recipient, any disclosure, copying, distribution or
any action taken or omitted to be taken in reliance on it, is prohibited and may be unlawful. If you
have received this electronic message in error, please notify the sender or itsewicedesk(a)fingal.ie.
Internet communications cannot be guaranteed to be secure or error-free as information could be
intercepted, corrupted, lost, destroyed, arrive late or incomplete. Therefore, we do not accept
responsibility for any errors or omissions that are present in this message, or any attachment, that
have arisen as a result of e-mail transmission. This message has been swept by Anti-Virus software. Ti
an riomhphost seo agus aon chomhad a ghabhann leis faoi rEIn agus d'fh6adfadh s6 a bheith faoi
phribh16id dhlithliOil. Is ar an seolai amh6in ata s6 dirithe. Mura tCl an faighteoir beartaithe, ta cosc ar
aon nochtadh, c6ipe6il, daileadh, n6 aon ghniomh a dh6anamh n6 a fhigail ar lar i dtaca leis an
riomhphost agus d'fh6adfadh sin a bheith midhleathach. Ma ta an riomhphost seo faighte agat tri
dhearmad, cuir an seolt6ir n6 itsewicedesk(a)fingal.ie ar an eolas. Ni f6idircumarsaid idirlin a rath6 a
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bheith sIan n6 saor 6 earraidi mar d'fh6adfadh faisn6is a bheith idircheaptha, truaillithe, caillte ,
scriosta, n6 teacht d6anach n6 neamhiom16n . Da bhri sin , ni f6idir linn glacadh le freagracht as aon
earr6idi n6 easnaimh ata sa teachtaireacht seo , n6 aon iat6n , a th6inig chun cinn mar thoradh ar an
tarchur riomhphoist . Ta an teachtaireacht cuardaithe ag bogearrai Frithvireas
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