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Explanatory Statement

This technical paper is not part of the Draft Environmental Impact Statement 
(EIS) referred to in paragraph 6 of the Administrative Procedures made under 
the Environment Protection (Impact of Proposals) Act 1974.

The Commonwealth Government is proposing to construct and operate a 
second major airport for Sydney at Badgerys Creek. This technical paper 
contains information relating to the Badgerys Creek airport options which 
was used to assist the preparation of the Draft EIS.

The technical paper also assesses the impacts of developing a major airport at 
the Holsworthy Military Area. On 3 September 1997, the Government 
eliminated the Holsworthy Military Area as a potential site for Sydney's 
second major airport. As a consequence, information in this technical paper 
relating to the Holsworthy Military Area is presented for information 
purposes only.

Limitations Statement

This technical paper has been prepared in accordance with the scope of 
work set out in the contract between Rust PPK Pty Ltd and the 
Commonwealth Department of Transport and Regional Development 
(DoTRD) and completed by PPK Environment and Infrastructure Pty Ltd 
(PPK). In preparing this technical paper, PPK has relied upon data, surveys, 
analyses, designs, plans and other information provided by DoTRD and 
other individuals and organisations, most of which are referenced in this 
technical paper. Except as otherwise stated in this technical paper, PPK has 
not verified the accuracy or completeness of such data, surveys, analyses, 
designs, plans and other information.

This technical paper has been prepared for the exclusive use of DoTRD. PPK 
w ill not be liable to any party other than DoTRD and assumes no 
responsibility for any loss or damage suffered by any other party arising from 
matters dealt with in this technical paper, including, without limitation, 
matters arising from any negligent act or omission of PPK or for any loss or 
damage suffered by any other party in reliance upon the matters dealt with 
and opinions and conclusions expressed in this technical paper.
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Methodology - Chapter 1

M e t h o d o l o g y

1.1 A ims and Scope of W ork

The aims of this study are to:

■ collate, summarise and critically examine Australian and international 
literature and research addressing the human health effects of aircraft 
noise;

■ identify issues relevant to the Second Sydney Airport proposal arising 
from the third runway project at Sydney Airport and the subsequent 
Senate Select Committee inquiry into aircraft noise in Sydney;

> identify health variables that can be scientifically justified as being 
adversely affected by aircraft noise; and

• discuss the susceptibility of various sectors of the population to the 
health effects identified.

The scope of work for assessing the impacts of aircraft noise on human 
health has four main components, namely:

• a comprehensive Australian and international literature review;

■ a review of available data and research undertaken since the Proposed 
Third Runway Sydney (Kingsford Smith) Airport Draft Environmental 
Impact Statement (Kinhill, 1990) including submissions to the Senate 
Select Committee on Aircraft Noise in Sydney (Senate Select Committee 
on Aircraft Noise in Sydney, 1995); and

■ an assessment of the potential health impacts of aircraft noise based on 
the findings of the previous two tasks. This has only been undertaken 
for those health variables that demonstrate scientific evidence of a dose- 
response relationship.

Health effects addressed in this study include impacts on auditory health 
(hearing damage/loss); impacts on non-auditory health (effects on balance, 
vision, mortality and other physiological and physical effects); impacts on 
performance and activity (sleep disturbance, communication disturbance); 
community reaction (annoyance and dissatisfaction); and the impacts on 
psychological health (stress, other mental health effects). The adaptation of 
humans to noise exposure and the cumulative or combined effects of aircraft 
noise and other stressors are also addressed.

1.2 L iteratu re  Search

A comprehensive literature review has been undertaken as the basis for this 
study. The findings of this review are provided in Chapters 4, 5 and 6 and 
the methods used described below.

department of Transport and Regional Development Pace 1-1
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1.2.1 Source Materials

A variety of source materials have been used to undertake the literature 
review.

Information about the effects of noise on human health, performance and 
reaction was obtained from a variety of books, government reports and 
articles. Relevant articles came from two main sources: journals and 
conference proceedings.

Laboratory, community and occupational studies with longitudinal or cross- 
sectional designs and using observational, survey or epidemiological 
techniques were all considered. Thus, the relative advantages and 
disadvantages of these different types of study, design and approach have 
been considered in assessing the reported findings. Very little data from 
laboratory studies with animals was considered, due to potential species 
differences and the focus of the review on the impacts of noise on humans.

Studies of the impacts of aircraft noise were given greatest attention, since 
the potential effects of noise from this source are the primary concern of this 
study and noise from different sources tends to produce different effects. 
However, data pertaining to non-aircraft noise were included where it was 
considered that these data may provide an insight into the potential effects of 
aircraft noise.

In order to ensure relevance of reviewed findings to Australian conditions, 
data from the most extensive study of the effects of aircraft noise in Australia 
to date (Hede and Bullen, 1982a) and from the continuing study of the 
.■npacts of aircraft at Sydney Airport, in particular the third runway (Carter, 

Job, Taylor, Peploe, and Morrell, 1996a; Carter, Job, Peploe, Taylor, and 
Morrell, 1996b; Job et al. 1996a; Job, Topple, Carter, Peploe, Taylor and 
Morrell, 1996b, 1996c; Job, Topple, Hatfield, Carter, Peploe, and Taylor, 
1996d; Taylor, Morrell, Carter, Peploe, and Job, 1996), are reported where 
appropriate.

1.2.2 O btaining Materials

Materials were obtained by numerous methods, namely:

■ relevant articles, reports and books held by the author were reviewed;

■ Falling on Deaf Ears. The Report of the Senate Select Committee on 
Aircraft Noise in Sydney (Senate Select Committee on Aircraft Noise in 
Sydney, 1995) and the Proposed Third Runway Sydney (Kingsford 
Smith) Airport Draft Environmental Impact Statement (Kinhill, 1990) 
were considered. A recent publication of the review of the health effects 
of noise that was conducted for the EIS (Morrell, Taylor, and Lyle, in 
press) was also considered;

■ on the database Psychinfo (1984-1996) at Fisher Library, Sydney 
University, the following key word searches were performed:

aircraft + noise + health (limited to English)- yielded seven 
records;

Pace 1 -2 PPK Environment & Infrastructure Pty Ltd



Methodology - Chapter i

aircraft + noise + performance (limited to English)- yielded four 
records; and

aircraft + noise + reaction (limited to English)- yielded 0 records.

All abstracts were reviewed for relevant information, and relevant papers 
were obtained for full examination;

• on the database Medline (1992-1996) at Fisher Library, Sydney 
University, the following key word searches were performed:

aircraft + noise + health (limited to English)- yielded five 
records;

aircraft + noise + performance (limited to English)- yielded two 
records; and

aircraft + noise + reaction (limited to English)- yielded two 
records.

All abstracts were reviewed for relevant information, and relevant papers 
were obtained for full examination;

■ issues of the journal of the Acoustical Society of America and the 
journal of Sound and Vibration from the years 1995 through 1997 were 
perused to extract recent relevant articles;

■ further relevant reports or articles were extracted from citations in the 
literature reviewed;

■ data reported from the ongoing studies of the third runway at Sydney 
Airport (Carter et al., 1996a, 1996b; Job et al, 1996a, 1996b, 1996c, 
1996d; Taylor et al., 1996) were specifically considered; and

• contacts were made with appropriate specialists (in Australia, Sweden, 
the Netherlands, Austria, the UK and the USA), for suggestions of 
relevant materials.

1.3 M ethodology Adopted for this Study

The first stage of this study was to undertake a comprehensive literature 
review using a variety of source materials including data from ongoing 
studies of Sydney Airport and in particular the third runway. The methods 
used for this review are described in the previous section.

There are a number of potential health impacts of aircraft noise, but the 
research to date does not provide sufficient information to predict the likely 
impacts of this noise on particular vulnerable groups. It does, however, 
show that there are some more general impacts which can reasonably be 
predicted. These may be summarised as follows:

■ sleep disturbance, which may be predicted using the Sleep Disturbance 
Index;

department of Transport and Recional Development Page 1-3
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■ impairment of voice communication, which may be predicted by the 
number of external noise events in the order of 65 dBA to 70 dBA and 
above; and

■ reaction, which may be predicted by the ANEC measure. In this case, it 
is important to recognise that exposure to new noise or changes to noise 
exposure are likely to elicit greater reaction.

The noise modelling undertaken for this Technical Paper has structured its 
methodology in part to predict these types of impacts. The assessment of 
these impacts is documented in Volume 1.

In addition, there is also some evidence that exposure to aircraft noise can 
have a number of other potential impacts, but it is not possible to measure or 
reliably predict these impacts.

Pace 1 -4 PPK Environment & Infrastructure Pty Ltd



Summary of Literature Review ■ Chapter 2

S u m m a r y  o f  L it e r a t u r e  R e v ie w

2.1 Review Methods

The extensive literature on effects of noise on humans was accessed through 
the holdings of the first author, electronic literature searches, direct searches 
of relevant journals and conference proceedings, citations in the reference 
lists of articles obtained, and contacts with Australian and international 
experts. In addition, the report of the Senate Select Committee on Aircraft 
Noise ' Falling on Deaf Ears* (Senate Select Committee on Aircraft Noise, 
1995), the review of noise effects for the Draft EIS for the Third Runway at 
Sydney (Kingsford Smith) Airport (Kinhill, 1990), and published data from the 
ongoing study of the effects of the third runway at Sydney Airport were 
explicitly reviewed.

2.1.1 Defin it ions and  M easurement of Variables

For this review, noise was defined as unwanted sound. The measurement of 
sound for the prediction of human reaction is complex, and many 
characteristics of the sound events may be relevant: loudness (and the 
weighting scale employed in it's assessment), frequency or pitch, duration of 
the sound event, rise time of the event, peak level of the sound, tonality, 
emergence from the background sound level, and time of day. Further 
complexity arises from the relevance of non-physical features of the noise to 
its impact on humans (in particular, the perceived controllability of the noise, 
and whether it is viewed as a signal for clanger).

Health was defined according to the World Health Organisation definition, 
Not merely the absence of disease or infirmity but... a positive state of 
physical, mental and social well-being. Health has been assessed in many 
ways in the noise effects literature: interview or questionnaire, direct 
assessment of endocrine, immunological, cardiovascular and other biological 
functions, hospital admissions, use of other medical services, and use of 
medications.

Reaction refers to the negative feelings which may occur in relation to the 
noise, including annoyance and dissatisfaction. Additional aspects of 
reaction have also been extensively researched, such as disposition to 
complain, symptoms attributed to the noise (such as headaches, 
nervousness), and disturbance of living activities (such as concentrating, 
relaxing, sleeping, conversation, listening to music). W ithin the World 
Health Organisation definition reaction is appropriately viewed as pertinent 
to health itself.

2.2 Research Methodology

An extensive variety of methodologies have been employed in researching 
the effects of noise, and aircraft noise in particular, on people. This has
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included laboratory studies of reported reaction to various noise events, of 
task performance under noise versus no noise, of sleep disturbance from 
noise, of temporary hearing loss, and of various biological effects of noise 
(such as endocrine function related to stress, immune function, and 
cardiovascular effects). Field studies of the effects of environmental noise in 
both residential and occupational settings have been extensive and have 
included assessment of hearing loss, reaction (annoyance, etc.), activity 
disturbance, sleep disturbance, symptoms, mental health effects, hospital 
admissions, medication use, general practitioner visits, and assessment of 
various physiological functions, such as blood pressure.

Nonetheless, this extensive body of research is littered with
methodologically flawed studies. Flaws in laboratory studies include 
confounding of the noise with other factors, unjustified generalisation from 
selected samples of subjects to the general population, and poor measures of 
effects. These problems are not insurmountable with rigorous methodology. 
Nonetheless, the issue of generalisability of results from the artificial 
laboratory setting to the real world of the person sleeping in their own bed or 
relaxing in their own lounge room, remains an issue.

In field studies problems include: inadequate assessment of effects through 
untried or unreliable questionnaires; biased sampling of residents through 
collection of subjects from newspaper advertisements or other procedures 
which do not ensure representative sampling nor appropriately address the 
problems of volunteer bias,- inadequate consideration of the possibility of 
people who live in high noise areas being different in a variety of ways from 
the average less noise exposed population (for example, socio-economic 
status; access to health care facilities; or those in high noise exposure being 
tough survivor population); inadequate or even absent measurement of noise 
exposure. Rigorous field study methodology and efforts to obtain random 
sampling and minimum refusal rates can overcome many concerns. 
Nonetheless, without carefully considered matching on a variety of possible 
confounding variables, or longitudinal studies (ideally of changes in noise 
exposure), the possible confounding of noise exposure with many other 
human or environmental factors remains an issue.

A small number of studies employ a mixed methodology of assessing the 
effects of noise events deliberately created for the research, in the person's 
otherwise normal home setting. In this way, noise exposure can be assessed 
somewhat independently of the naturally occurring noise exposure and its 
attendant confounding of resident self-selection. However, even these 
studies are imperfect due to the inevitable interference created by the 
measurement process, the subjects awareness of measurement, and the 
possibilities that the noises are artificial and/or novel.

Further concerns arise in terms of the generalisability of results. Although 
many international results may be reasonably applied to the Australian 
situation, certain factors may be expected to vary (for example, the warmer 
climate may allow less temperature, and so also noise, insulated dwellings, 
more open windows and more outdoor living in Sydney than in colder 
climates). Thus, the ensuing review represents a synthesis of research 
conducted with the potential weaknesses and applicability of the research in 
mind.
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Summary of Literature Review - Chapter 2

In addition, due to a number of features of the literature and noise research 
itself, it is difficult to set firm limits to noise exposure levels. Firstly, for many 
of the potential effects of interest a cut point in terms of noise exposure 
above which certain effects w ill occur whereas below that cut point the 
effects w ill not occur, cannot be identified. On the contrary, as identified in 
many of the figures included in the review, it is typically and perhaps even 
uniformly the case that (within limits such as increases from extremely low or 
high levels) there is a steady increase in a pervasive array of effects with 
increasing noise. In short, the effects of noise are generally continuous 
variables (there are degrees of annoyance, degrees of distress, degrees of 
change in mental health, not dichotomous changes from healthy to 
unhealthy) and the population incidence of effects is most likely to be a 
probability function reflecting variations in individual susceptibility. Thus, 
the setting of limits for unacceptable noise becomes a political and social 
exercise (rather than a scientific one) in which some level of effect on people 
must be determined to be acceptable and any more effect determined to be 
unacceptable. Such setting of levels is appropriately beyond the scope of a 
scientific review of the literature. Furthermore, the relevant literature often 
contains different estimates of the severity of various effects, and of the 
probability of an effect occurring at various noise exposure levels. Finally, 
the appropriate location of noise measurement (inside or outside the 
residence) is uncertain: it may be appropriate on logical grounds to assess 
noise in proportion to individual time exposure inside and outside when 
considering hearing loss, whereas reaction (annoyance, etc.) may be more 
closely related to outside levels, and sleep disturbance to inside levels. 
However, even these claims are uncertain. Thus, only rarely can an accurate 
function for noise exposure and a specified effect be determined. Thus, such 
data are rarely offered in this summary, which identifies the likely effects of 
noise with comment on the consistency with which the effect has been 
identified. Possible vulnerable sectors of the population for these effects are 
also identified.

Factors which moderate (ameliorate or potentiate) the risk of negative 
consequences of noise exposure have received inadequate research 
attention. Further, where such data are available, their meaning is often 
ambiguous due to the correlational nature of the data. Nonetheless, 
consideration of the existing evidence is worthwhile in terms of targeting 
noise mitigation measures toward critical groups, designing interventions to 
reduce their risks, or, if the opportunity arises, siting noise sources to avoid 
vulnerable groups. Both features of the noise and of the exposed individual 
moderate the impacts of the noise. Person factors w ill be the focus of the 
following section, since the features of aircraft noise are regarded as a given 
for scientific purposes (that is, for extrapolation from previous studies of 
aircraft noise).

Despite the methodological problems, the possibility of a noise being causal 
in many supposed health effects is supported by a number of arguments: 
longitudinal studies show changing patterns of health with noise exposure; 
laboratory studies show acute effects consistent with the purported long term 
consequences; surveys do not appear to have more noise sensitive people in 
the high noise areas which would have created a bias; and logical 
mechanisms exist by which noise could produce many health effects.
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2.3 Effects of Noise o n  People

Vulnerable groups have been identified for a range of potential outcomes of 
aircraft noise, as briefly summarised below. However, a non-specific 
vulnerability has been hypothesised for people with reduced adaptability or 
reserve capacity such as the sick, people with impaired sleeping functions, 
those who are more sensitive to noise, or those who are subject to other 
environmental pressures. Likely vulnerable groups w ill be considered for 
each effect of noise.

2.3.1 Auditory Health

Sounds may be uncomfortable at levels of 80-100 dB, while the threshold for 
aural pain is around 110-130 dB, with large individual differences in 
sensitivity. Thus, residents close to airports may experience discomfort but 
are not likely to experience pain. Susceptible people such as those with 
certain abnormalities including inflammation, or hearing aids not adjusted to 
limit the sound pressure level, may experience discomfort or pain at lower 
levels than those quoted above.

Evidence for permanent hearing loss resulting from typical exposures to 
aircraft noise is inconclusive and there is no relationship between aircraft 
sound levels and the hearing ability of residents, including children. W hile a 
recommended limit of an 8 hour continuous equivalent level of 75 dBA is 
unlikely to be exceeded by aircraft noise in residential setting around 
airports, aircraft noise could contribute to permanent hearing loss when 
combined with other residential, recreational or occupational noise 
exposures or with ototoxic drugs or chemicals (which are not uncommon).

2.3.2 Balance and V isual Effects

Balance effects are unlikely at residential noise exposure levels except in 
people with unilateral vestibular system damage. Visual effects are unlikely.

2.3.3 Startle and O rienting Responses

People are only likely to be startled by aircraft noise when they fear that 
noise. Unlike other noise effects, an individual's likelihood to startle reduces 
as he or she becomes accustomed to the noise events. People who are more 
sensitive to noise are more likely to be startled.

Sonic booms from aircraft can startle people. Sonic booms are caused by a 
very small number of aircraft capable of going faster than the speed of sound 
such as Defence aircraft and the Concord. Very few of these aircraft would 
use the Second Sydney Airport and they are restricted to sub-sonic speeds 
over the Sydney region.
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2.3.4 Cardiovascular Effects

Noise may evoke a number of reflexive responses through the autonomic 
nervous system. Repetition of these responses may result in permanent 
changes such as hypertension and coronary heart disease. Noise produces 
acute vasoconstriction, increased blood pressure and increased heart rate. In 
children vasoconstriction may occur with aircraft noise of 70 dBA.

Noise generally causes an acute increase in blood pressure. Community 
studies of aircraft noise suggest elevated blood pressure in children, and 
possible elevations and greater antihypertensive medication use in adults, 
exposed to aircraft noise. Claims of other cardiovascular effects of aircraft 
noise generally are limited by poor methodology.

Type A personalities are more susceptible to cardiovascular effects, as may 
be women, those with a family history of hypertension, people with 
additional exposure to non-aircraft noise (workers in noisy industries) and 
those who perceive aircraft noise to be uncontrollable or to be a signal for 
danger.

2.3.5 Endocrine and Immunological Effects

Noise causes increases in endocrine hormones such as catecholamines, 
which influence the cardiovascular and immunological systems. Noise is a 
stressor, and stressors depress immunological functioning. However, effects 
of noise on immunity, other than through sleep loss are inconsistent.

Suggestions of increased mortality are based on poorly controlled 
investigations. Similarly, effects of noise on perinatal health have not been 
determined in unconfounded investigations.

2.3.6 Sleep D isturbance

The prominent and well established effects of noise (including aircraft) 
include various disturbances to sleep. Negative effects on sleep caused by 
intermittent noise may occur at 45 dBA indoor maximum sounds pressure 
level, or at lower levels (40 dBA) in quiet background conditions.

It has been proposed that shift workers might be more at risk of aircraft-noise- 
induced sleep disturbances than the general population, because they sleep 
during the day, when there may be more aircraft noise events and sleep 
tends to be lighter. However, data are insufficient to identify whether shift 
workers are at increased risk of noise-induced sleep disturbance over and 
above their exposure to noise when they are trying to sleep during the day.

The probability of EEG responses and awakening as a result of noise 
increases with age, whereas children are more likely than adults to 
demonstrate a heart rate response for a given sound pressure level. Women 
are probably more sensitive to noise-induced sleep disturbance than men. 
Finally, evidence suggests than neuroticism and noise sensitivity may 
increase susceptibility to sleep disturbance.
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2.3.7 Impairment of Voice Communication

Interference with voice communication is a critical effect of noise in 
residences, hospitals, schools, pre-schools, and places of worship. The 
degree of interference is influenced by the voice effort. Relaxed voice at a 
two metres distance is 100 percent intelligible with background sound 
pressure levels of around 40 dBA. Lower levels may be desirable in 
classrooms where communication must occur over greater distances.

Noise-induced impairment of speech intelligibility may be particularly 
prevalent amongst certain groups; including the hearing impaired, the 
elderly, young children and people for whom the language being spoken is 
not their first. For the latter groups, a 5 to 10 dB larger signal-to-noise ratio is 
needed for good speech intelligibility.

2.3.8 Interference with Tasks

Noise may improve or impair task performance. It may improve the 
performance of people who are tired (low arousal), by raising their arousal to 
a more optimal level. In contrast, noise has been found generally to impair 
cognition and reading in children, especially those in higher school years. 
Noise-sensitivity increases the probability that noise exposure w ill interfere 
with task performance, and reduce productivity.

2.3.9 Reaction to Noise

Around major airports a majority of the population w ill perceive noise as 
disturbing at least some daily activities. Although large individual variation 
in reaction exists, dose-response curves are available. The most relevant of 
these are provided by the two major Australian studies of aircraft noise (Hede 
and Bullen, 1982; and Bullen, Job and Burgess, 1985). These studies show 
reasonable agreement and suggest that 10 percent of residences would be 
seriously affected by the noise at levels around 19 NEF3 (Noise Exposure 
Forecast 3).

The likelihood of a negative reaction to aircraft noise is increased in people 
who have a negative attitude to noise source (aircraft, the airport or airport 
authorities), in individuals who are fearful of the health and/or safety impacts 
of aircraft noise, in noise-sensitive individuals, and in those who view  the 
noise as uncontrollable. Australian data suggest that older residents are less 
likely than younger residents to report negative reactions to the noise, 
although the effect of age is quite small.

2.3.10 Psychological Health

Evidence for effects of noise on psychological health is not consistent and is 
methodologically difficult to obtain, but suggests that aircraft noise may be 
harmful to mental health.

Individuals with latent mental illness are more likely to demonstrate 
psychiatric morbidity as a result of exposure to noise. Noise-sensitivity has
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also been found to be a risk factor for noise-induced psychiatric morbidity 
but may itself be a marker of depression. Individuals who perceive the noise 
as uncontrollable may be at increased risk of "learned helplessness" and 
depression.

2.4 Comment on Adaptation and Habituation

W hile adaptation to noise might be expected to occur, evidence suggests 
that only some responses to noise adapt with time. The orienting response 
and some sleep disturbances apparently adapt. However, many sleep effects 
and reaction (annoyance, etc.) do not appear to adapt. Apparently 
paradoxically, changes in noise exposure produce "over-reaction": residents 
show greater change in reaction than would be predicted from the new noise 
exposure. Thus, the introduction of a new noise generally results in an 
increase in reaction which is greater than reaction to the new noise level if 
ongoing. It has been estimated that a correction of around +8 dB should be 
allowed for new noise sources (that is, an increase to 70 dB w ill be reacted 
to as though the new level was 78 dB). This greater reaction to new sources 
can be explained in terms other than adaptation or habituation, and can 
continue for years. The effects cited above and the noise levels identified for 
the production of these effects are from ongoing noise sources. Thus, these 
are the levels of reaction to which the exposed population may return after 
many years, not levels from which any adaptation should be expected. 
Initial reaction to the noise should be greater than the levels cited in the 
above sections due to the newness of the noise.
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N o i s e  D e f i n i t i o n s

3.1 Introduction

Noise pollution is regarded as a major problem associated with aircraft 
operations in the vicinity of airports. But what precisely are the effects of 
aircraft noise on residents in these areas? Are certain individuals particularly 
at risk? What can be done to minimise potential risks? A large body of 
literature has considered the impact of noise exposure on human health, 
performance and reaction to the noise. The review of this literature 
undertaken for this study focuses on the influence of aircraft noise, though 
data regarding noise from non-aircraft sources has also been considered 
where appropriate to provide more general information about the effects of 
noise on humans.

3.1.1 D ef in it io n s  o f Key Term s

Assessment of the impacts of aircraft noise on health, performance and 
reaction requires clear definition of these terms.

Sound and Noise

In physical terms, sound is a mechanical disturbance which travels as a wave 
in air. In psychological terms, sound is "a sensory perception ...evoked by 
physiological processes in the auditory brain" (Berglund and Lindvall, 1995, 
p3) resulting from the acoustic wave entering the ear. "Noise" refers to a 
class of sounds which are subjectively experienced in a particular manner.

The definition of noise as "unwanted sound" (Berglund and Lindvall, 1995, 
p i 5) w ill be accepted for the purposes of the present review. It is important 
to realise that this definition of noise involves a psychological attitude 
towards the noise - that it is "unwanted". Thus high level sound w ill not 
always equate with "noise". For example, a person who chooses to listen to 
music at high volume is unlikely to regard it as noise, whereas their 
neighbours may consider the sound to be noise. In contrast, even the soft 
dripping of a tap could be regarded as noise by someone who is trying to 
sleep. The distinction between noise and high levels of sound is an 
important one, since several health and reaction outcomes may be 
determined by the perception of the sound as noise, rather than by the sound 
exposure level per se. The commonly applied operational definition of noise 
as "audible acoustic energy that adversely affects, or may affect, the 
physiological and psychological well-being of individuals or populations" 
(Berglund and Lindvall, 1995, p4) is rejected as it begs the question to be 
addressed by this study.

Noise in the community may issue from a wide range of sources, including 
aircraft, road traffic, railways, industrial and commercial premises, 
construction machines, radios and televisions, air conditioning units and 
domestic pets. Aircraft noise refers to any noise resulting from aircraft
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operations, including stationary engine running, taxiing, take-off, landing and 
fly-overs.

Health

Health has been defined by the World Health Organisation as "Not merely 
the absence of disease or infirmity but a positive state of physical, mental and 
social well-being" (World Health Organisation, 1994, p i). Health thus refers 
both to physiological and psychological wellbeing and the present review 
w ill consider the impact of noise on physiological health outcomes such as 
coronary heart disease and psychological health outcomes including 
depression. It is, however, important to recognise that physiological and 
psychological health outcomes may not always be independent. Thus, noise 
may have a direct effect on blood pressure, but it may also have an indirect 
effect mediated by the psychological outcome of annoyance where 
annoyance then causes changes in blood pressure. It is equally conceivable 
that the noise may produce annoyance indirectly in virtue of having negative 
consequences for physiological health.

Physiological health outcomes which have received the most attention in 
noise research have been auditory effects, such as aural pain, tinnitus and 
hearing loss, and cardiovascular effects such as acute or chronic increases in 
vasoconstriction, blood pressure and heart rate as well as cardiovascular 
illness. Impacts on the sense of balance, vision, bodily fatigue, 
psychoendocrine and immune function, mortality, perinatal health and 
general health have also been considered.

The definition of mental health (and illness) is not uniform throughout the 
relevant literature and is often unclear. Whether an individual is considered 
to be mentally ill is based on a range of somewhat arbitrary criteria, which 
differ from study to study. For example, classification as ill may depend on 
treatment adoption, the presence of symptoms, indicators of negative mood 
and wellbeing, low functional effectiveness and role performance or absence 
of signs of positive mental health such as coping skills (Kasel and Rosenfield, 
1980). Freeman (1984) defined mental health as the absence of identifiable 
psychiatric disorder according to current norms. Virtually all of these criteria 
have been employed in studies of the impacts of noise on mental health, 
although the first three are most common. The symptoms which have been 
examined in noise research include anxiety, depression, emotional stress, 
nervous complaints, nausea, headaches, instability, argumentativeness, 
sexual impotency, changes in general mood and anxiety, and social conflicts, 
to more general psychiatric categories like neurosis, psychosis and hysteria, 
or even more general outcomes such as mental hospital admission.

The World Health Organisation (1947) definition of health draws any short 
term undesirable impact of noise into the realm of health effects. Thus both 
acute and chronic health outcomes of exposure to aircraft noise have been 
considered in this study.

Perform ance

The term performance w ill be used to refer to the ability to carry out basic 
activities and tasks. Thus, this study considers the extent to which noise
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influences individuals' capacity to carry out such tasks and activities and the 
manner in which they do so. Disturbance of activities which are potentially 
critical for physiological and psychological wellbeing- sleep, voice 
communication and recreational activities- w ill receive particular attention. 
Activity disturbances which may have substantial societal impact such as 
interference with childrens' learning and cognition, and with productivity- 
w ill also be a focus.

Reaction, Annoyance and Percent "H ighly A nnoyed '

Reaction refers to an evaluative cognitive, emotional or evaluative response 
to the noise. It has typically been defined inexhaustibly in terms of 
annoyance with the noise.

The term annoyance is used differently by noise researchers, and its meaning 
is discussed by several authors (Altena, 1987, 1990; Lindvall and Radford, 
1973). It has been defined as “a feeling of displeasure associated with any 
agent or condition known or believed by an individual or a group to be 
adversely affecting them' (Lindvall and Radford, 1973 cited in Berglund and 
Lindvall, 1995, p87). Data indicate that the term annoyance does not 
include all potential negative reactions to noise. It has been argued that 
there are many possible reactions to noise besides annoyance, for example, 
anger, frustration, disappointment, dissatisfaction, withdrawal, helplessness, 
depression, anxiety, distraction, agitation, exhaustion or potentially many 
others (Job, 1993; Job et a!., 1996d).

Occasionally reaction has been assessed in terms of noise-induced activity 
disturbance, complaint disposition, symptoms (headaches, nervousness etc.) 
and residency decisions.

Community reaction is often expressed on a group basis in terms of the 
percentage of the population who are "highly annoyed" or "seriously 
affected" by the noise. This approach permits evaluation of the community 
noise problem in accordance with international standards that consider noise 
to be unacceptable if it results in more that 10 percent of the population 
being "highly annoyed" or "seriously affected" (Bullen, Job, and Burgess, 
1985; Hede and Bullen, 1882a, 1982b; Schultz, 1978).

3.2 Important Characteristics of Sound  and 
A ircraft Sound

The physical characteristics which are most critical to the perceptual 
experience of a sound are its sound pressure level (instantaneous, maximum, 
equivalent), frequency spectrum (weighting functions, tonal components) 
and time pattern (rise time, amplitude fluctuations, duration, number and 
time distribution of events). A basic understanding of these parameters and 
their perceptual counterparts is valuable in considering the impacts of aircraft 
noise exposure.
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3.2.1 Sound  Intensity, Sound Pressure Level, and Perception of 
Loudness and Noisiness

Sound intensity is the physical magnitude of the sound. Specifically, it is the 
rate of energy flow per unit area. Sound intensity is proportional to the 
mean square of sound pressure level (SPL), which is usually expressed in 
decibels (dB). Instantaneous level refers to the sound level at a particular 
point in time, maximum level to the greatest sound pressure level reached in 
a given period of time or for a given sound event, and equivalent to the 
average sound pressure level in a given period of time (most commonly eight 
or 24 hours).

Loudness is the perceived magnitude of a sound and is primarily a function 
of intensity, frequency and duration. For sound at a particular frequency, 
loudness is proportional to some power of the sound intensity (Berglund and 
Lindvall, 1995). For example, the loudness of aircraft noise has been found 
to be a power function of its sound pressure level (Berglund, Berglund, and 
Lindvall, 1975a). For lower frequency sounds, loudness changes more for a 
given change in SPL than for higher frequency sounds. Sensitivity typically 
varies as a function of frequency, such that sounds of equal intensity w ill be 
perceived to be differentially loud depending on their frequency. Humans 
are most sensitive in the middle frequency range from about 1,000-4,000 
Hz. The basic unit of loudness is the sone (where 1 sone is the loudness of a 
1000Hz pure tone heard at an SPL of 40dB).

Usually sound measurement meters use a filter which weights SPL 
measurements as a function of frequency approximately in accordance with 
the frequency response characteristics of the human ear. A, B, and C filters 
are designed to match the response characteristics of the human ear at low, 
medium and high loudness, respectively. Loudness levels on the A scale are 
expressed in dBA, on the B scale as dB(B) etc.

Noisiness, like loudness, is a perceived attribute of a sound, but these two 
concepts are distinct and people are able to distinguish between them for 
aircraft noise in a laboratory setting, provided they are carefully defined 
(Berglund, et al., 1975a, 1976; Heilman, 1982). A loud sound is not always 
unwanted and is thus not always noise. Neither loudness nor noisiness are 
directly related to sound pressure level (Zwicker, 1987), but are influenced 
by other acoustic and non-acoustic factors to different extents. It has been 
proposed that the concept of noisiness emphasises the emotional, as 
opposed to cognitive, aspects of human reaction more than does the concept 
of loudness, but less than does the concept of annoyance (Berglund and 
Lindvall, 1995). However, the precise psychological processes which 
underlie ratings of sounds on each of these scales are not well understood.

3.2.2 Sound  Frequency and Perception of Pitch

Sound frequency is the number of complete cycles of the sound wave 
passing a given point in one second and is expressed in Herz (Hz). The 
physical characteristic of frequency is proportional to the perception of pitch. 
Sounds with greater frequencies have a higher perceived pitch. The audible
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frequency range is approximately 20-20,000 Hz. Loss of hearing with age 
(presbyacusis) generally occurs at higher frequencies (Hinchcliffe, 1959).

Low frequency sound (generally defined as between 20 and 100 Hz: 
Berglund, Hassm^n, and Job, 1996) is particularly concerning because it 
propagates efficiently and is only minimally attenuated by structures such as 
walls and ear protection devices. It may cause potentially damaging 
resonation of the human body. It tends to mask other frequencies more than 
it is masked by them, increasing its potential to disturb speech. It tends also 
to cause vibration (Berglund et al., 1996), which is a particular concern in 
relation to human reaction because of the impact of vibration of objects 
within people's residences and of vibration of the residence itself.

3.2.3 T ime Pattern

Sound pressure levels of sound events may exhibit different time patterns and 
different sounds w ill appear intermittently during days and nights. 
Acoustically, and this is taken into account by energy equivalent noise 
measurements. Rise time refers to the time it takes for the sound pressure to 
reach its maximum level. Sound pressure may also fluctuate substantially 
across the duration of the event. Rapid fluctuation (rise) of SPL over 2s may 
result in impulsiveness. The total duration of a sound may also influence its 
consequences. Other critical features of the time pattern of a sound are the 
distribution of the sound in a given period and the time of day that it occurs.

3.2.4 A ircraft Sound

Aircraft sound is characterised by intense, short duration, intermittent noise 
typically superimposed on relatively low background noise. It tends to be 
both more intense (depending on the distance to the source) and more 
intermittent than road traffic noise.

It has a large low-frequency component, which relative to other frequency 
components increases with the distance from the source. Measurements 
taken at ground level under flight paths at Sydney Airport identify a 
substantial sound energy component between 10 and 100Hz for a number of 
aircraft types (Berglund et al, 1996). This is shown in Figure 3.1.

This, however, is not unique to aircraft. Urban noise environments 
commonly include low frequency sound, from road vehicles, industrial 
machinery, artillery and mining explosions, and air movement machinery 
including wind turbines, compressors, and indoor ventilation and air 
conditioning units (Leventhall, 1988; Tempest, 1976).

Sound pressure levels may reach approximately 90 dB LAmax in the vicinity 
of a major commercial airport, depending on conditions, although lower 
estimates (between 65-75 dBA) are given by some authors (Andersson and 
Lindvall, 1988). Sound events of slightly lower intensities occur frequently 
throughout the day. Sound events are often restricted to day and evening 
hours, with nighttime curfews imposed. Sound pressure levels typically vary 
over periods of 10 to 100 seconds.
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figure 3.
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The nature of aircraft sound characteristics and movements can vary 
substantially depending on whether operations are commercial, military or 
recreational in nature. Aircraft flying at speeds greater than the local speed 
of sound produce sonic booms. Sonic booms are shock wave systems in air, 
the passage of which causes an initial rise in atmospheric pressure followed 
by a drop to below normal pressure then a sudden rise back to normal. The 
sound generated by helicopters differs from that generated by aeroplanes and 
has been found to relate differently to reaction (Berglund and Lindvall, 
1995).
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3.2.5 Relevance of Noise Source to Noise O utcome

Evidence suggests that health, performance and reaction outcomes vary with 
the source of the noise (for example, aircraft versus traffic versus 
occupational versus artillery) (see for example, Berglund, Berglund and 
Lindvall, 1976; Dejong, Opmeer, and Miedema, 1995; Hall, Birnie, Tayler, 
and Palmer, 1981; Hede and Bullen, 1982a; Kurra, Maekawa, and 
Morimoto, 1995; Miedema, 1987; Mohler, 1988; van Kamp, 1990) and the 
difficulty of estimating these differences has been identified by a number of 
researchers (Bullen, Hede, and Job, 1994; Fields and Walker, 1982; 
Rohrmann 1983a, 1983b, 1986). Differences may result from acoustic or 
non-acoustic features of noise from a particular source. Thus, a noise which 
is persistent and impulsive is liable to be more detrimental to hearing than 
one which is neither. Alternatively psychological variables such as attitudes 
toward the noise source and perceived controllability of the noise may be 
critical. For example, people may be more annoyed by aircraft than traffic 
noise, because they consider automotive transport to be important in their 
lives but might doubt the personal usefulness of air travel (see Job, 1993).

At levels below 50 dB LAmax community noises (for example, pile driver, 
jack hammer, and typewriter noise) are more annoying than aircraft noise 
(Berglund et al., 1976). However, aircraft noise tends to be more annoying 
than road-traffic noise at the same equivalent continuous sound pressure 
level (Green, 1993; Hall et al., 1981; Taylor, 1993; van Kamp, 1990; but see 
Dejong etal., 1995), as does railway noise (Miedema, 1987; Mohler, 1988; 
but see Yano, Yamashita, and Izumi, 1996a).

The parameters of the noise exposure which determine which particular 
type of noise has the greatest impact on outcome is likely to depend 
somewhat on the outcome in question.

Similarly, for a particular outcome, different sources may be detrimental for 
different reasons. Thus, some noises are primarily annoying because of their 
sound pressure level (for example, aircraft noise), whereas others are 
primarily annoying because of their temporal pattern (for example, noise 
from a typewriter) (Berglund, et al., 1976). This should be considered in 
designing noise abatement interventions.

Different noise sources may also vary in the number of people they 
influence. For example, community noise can affect small groups or even 
individuals without affecting near neighbours whereas road traffic and 
aircraft noise typically influence whole communities. This more even 
influence might make people more accepting of the noise, or, influenced by 
the dissatisfaction of their neighbours and group action, less accepting.
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M e a s u r i n g  H e a l t h  Im p a c t s

4.1 Measuring Independent an d  D ependant Variables

Consideration of the issue of measurement of key variables is critical in 
evaluating the findings of studies which have assessed the impact of noise 
exposure on human health, performance and reaction. Generally, each of 
the methods which have been used has flaws, but used in combination can 
provide valuable data. When the findings of studies which have used the 
various measurement approaches are discussed, the relative merits of these 
approaches should be kept in mind. Criticisms w ill not be repeated at the 
point of presentation of the relevant data.

4.1.1 Sound Exposure Assessments

Choice o f Frequency Weighting Scale

The capacity of the various weighting scales to handle low frequency 
components of sound deserves careful consideration in the present study, 
because aircraft sound contains substantial low frequency components.

The A-filter is more appropriate than the B- or C-filter for community 
exposure to aircraft sound. Although the D-filter was developed to handle 
aircraft noise (see IEC 537, 1976) it is not in common use and so most 
relevant data relate to the A-Filter which is addressed here. W ith the A-filter, 
the loudness of sound which contains substantial low frequency component 
is underestimated by up to 9dB within the range 52-70 dBA (Gamberaie, 
Goldstein, Kjellberg, Liska, and Lofstedt, 1982) or 6 phon (where the phon is 
an equal loudness metric that corresponds to dB sound pressure level units 
for a pure tone concentrated at 1 kHz) for 63 Hz and below (Berglund, 1990; 
Berglund and Berglund, 1986; see also Kjellberg and Goldstein, 1985; 
Kuwano, Namba and Miura, 1989). Vercammen (1992) suggested that an 
additional change be made to the A-weighted spectrum for the 10-160 Hz 
range with variations between 5 and 10dB compared with the present 
setting. The inaccuracy of the A-filter at low frequency is perhaps not 
surprising in that the iso-loudness functions employed in the weighting were 
actually extrapolations by hand into the low frequencies rather than being 
based on genuine data for the low frequencies (see Goldstein, 1994). For 
example, in classic work on the subject both Stevens (1975) and Kryter 
(1985, 1994) chose to extrapolate the equal-loudness and equal-noisiness 
contours into the low frequency range despite the absence of empirical data.

Alternative procedures developed for the prediction of (perceived) loudness 
or annoyance of complex sounds (such as aircraft noise), from various 
frequency weightings or calculation procedures (for example, Bryan, 1976; 
Kryter, 1985, 1994; Stevens, 1975; Zwicker and Fasti, 1990) have been less 
successful for low frequency noise (Berglund et al., 1996; Goldberg and 
Kjellberg, 1985).
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These limitations of relevant filters to accurately predict perceived noisiness 
or annoyance for individual sound events is well publicised and may form 
the basis of scepticism regarding the A-filter. Nonetheless, the A-filter 
provides reasonable correlation between physical measurements of the 
sound and subjective evaluations of it (for example, Goldstein, 1994; Scharf 
and Heilman, 1990). The A-filter is also the most commonly employed filter 
in studies of community reaction to non-impulsive noise, such as aircraft 
noise. Finally, in consideration of community reaction underestimation of 
low frequency components of the sound w ill have little effect on data 
comparing sounds of similar levels of low frequency, or on estimations of 
reaction as long as the data employed for estimation have a similar low 
frequency component to the sounds for which the extrapolation is to be 
made. This is the case in the present study when aircraft noise data are 
employed to estimate reaction to aircraft noise. The underrepresentation of 
the low frequency component in the previous studies actually results in the 
level of reaction being overestimated for the given noise level. This is 
counterbalanced by the same under-representation of the low frequency 
components in the noise for which the extrapolation is made. This 
convenient state of affairs may only lead to error if the low frequency 
component of the noise changes significantly. Such a change is not 
impossible. It may occur if the noise characteristics of the aircraft fleet 
changes or if the usual policies of different airports dictate that certain 
airports accommodate more of the types of aircraft which produce more low 
frequency sound while other airports accommodate more mid to high 
frequency sound producing craft.

Choice o f Noise M etric

Whilst a number of studies have measured total exposure to acoustic energy, 
this is an inappropriate measure of noise exposure, in that noise refers only 
to a particular class of sounds- those which are unwanted. Thus, more 
appropriate measures of noise include weightings for sound characteristics 
which could be expected to contribute to undesirability. A broad variety of 
noise indices which correlate moderately well with the outcomes of interest 
have been created by combining underlying acoustic and non-acoustic 
factors such as loudness, total "dose", loudness fluctuation amplitudes, rate 
of fluctuation, number of events, or noise energy for the relevant source.

The Equivalent Continuous Sound Pressure Level (LeqT), defined as 'the 
value of a continuous steady sound that, within a measurement time T, has 
the same mean square sound pressure as a (fluctuating) sound under 
consideration' (International Organisation for Standardisation, 1982), has 
been adopted by the International Organisation for Standardisation for the 
measurement of both community noise exposure and hearing damage risk. It 
is also widely used in assessing the effects of noise on a variety of other 
outcomes, such as non-auditory physiological and mental health, sleep, 
communication and activity disturbance, and community reaction. It is 
however inadequate in several respects. It underrepresents the importance 
(in terms of perceived noisiness) of sounds with frequencies below 100 Hz, 
and does not take into account other features of the sound which might be 
relevant to the subjective effects of interest.
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LAmax, which is the maximum LAeqT reached during a given sound event 
(for example, an aircraft flyover or truck passby), where T - 1.0 s, the time 
constant on 'S lo w ' setting of the sound level meter, is another commonly 
used metric. This metric may be most appropriate for impulsive sounds, but 
for continuous sounds does not take into account the potential importance of 
sound duration in determining the impact of the sound.

As a consequence of the overwhelming range of noise exposure measures, 
the results of the many studies which have examined the impact of exposure 
to noise on human health, performance and reaction are difficult to compare 
directly. Whilst the various indices provide similar estimations of mean 
perceived magnitude (Botsford, 1969; Ollerhead, 1973; Young and 
Peterson, 1969), different indices may vary widely in estimating other 
psychological as well as physiological outcomes of a sound.

W hich index is most accurate will depend on the outcome in question as 
well as features of the sound, situation and individual. For example, sleep 
disturbance seems to depend critically on signal to noise ratio and number of 
noise events, whereas prediction of annoyance depends on consideration of 
low frequency component, impulsivity and number of noise events.

The present review does not restrict its focus to any particular noise indices, 
however the relative advantages of the various indices are noted where 
appropriate.

Outside Versus Inside Sound Measurements

Another important consideration of the measurement of noise exposure is 
where these measures should be taken, and the attenuation of sound that can 
be expected from outside to inside.

Firstly, is it adequate to estimate the noise levels of an entire residential area, 
or should levels be measured at individual homes? The accuracy of taking 
measurements at individual residences must be weighed against the costs (in 
time and finances) it entails.

Secondly, are inside or outside measures more relevant to the effects in 
question? The answer to this question probably depends on the outcome in 
question. For example, hearing impairments probably depend on both 
outside and inside levels, whereas sleep disturbance depends largely on 
noise levels inside the bedroom. However, noise levels inside the bedroom 
might be quite accurately predicted by noise levels outside if people sleep 
with their windows open. Reaction (including annoyance, dissatisfaction 
etc.) bears a complex relationship to inside versus outside noise (see Bullen 
etal., 1985).

Thirdly, what is the likely magnitude of the difference between outside 
versus inside levels? That is, how much are buildings likely to attenuate the 
sound? Three sources address this issue. Finegold, Harris and von Gierke 
(1994) refer to the US Environmental Protection Authority's "average house 
noise reduction" as 17 dB for windows open and 27 dB for windows closed. 
It is questionable whether these two values are applicable to all American, 
let alone Australian, conditions. Passchier-Vermeer (1993) assumed 
outdoor/indoor attenuation of 15 dB with single glazed windows and 25 dB
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for double glazed windows (presumably with windows closed in both cases). 
For regulatory purposes she stated that 15 dB was appropriate. However in a 
later report, Passchier-Vermeer (1994) states that with windows in the 
"ventilation position” (partly open), for which sound insulation is to be 
determined according to Netherlands night time aircraft noise regulations, 
the attenuation is 22 dBA for landings and 20.5 dBA for take-offs. When 
windows are fully open the attenuation is lessened by 5 dBA. Carter, 
Ingham and Tran (1992b) reported that average attenuation depends on 
whether the window was closed or partially open (up 20 cm, which 
presumably corresponds to the "ventilation position") and on which noise 
metric is used. W ith windows partially open the mean attenuation values 
were 17.05, 17.35, 17.2, 13.39, 17.77 and 17.63 dB for LAeq, LAmax, 
LApk, LA90, LA10 and LA I, respectively. W ith windows closed the mean 
attenuation values were 21.52, 23.08, 21.11, 12.05, 23.72 and 23.72 for 
these metrics, respectively.

The relevance of these three attenuation guidelines to aircraft noise in 
particular must be considered. The degree of attenuation is influenced by 
noise spectrum, with lower frequency noises being attenuated less. The 
position of the source is also likely to be a source of variation. For example, 
aircraft noise is often likely to be less attenuated than traffic noise, because it 
comes from above buildings and in Australia roofs generally provide less 
insulation than walls. Thus the applicability of the general attenuation 
values offered by the US EPA to aircraft noise in particular is dubious. The 
attenuation values reported by Carter et al (1992) were determined for traffic 
noise and may not be appropriate for aircraft noise. The Netherlands 
regulatory figures may well be appropriate for aircraft noise and apartment 
buildings, but not for the single family, single storey dwellings commonly 
found near airports in Australian cities. Neither the USEPA nor Passchier- 
Vermeer (1994) considered more than one noise metric, despite the potential 
of different metrics to produce different attenuation values. Thus, it is 
recommended that further investigations be made into aircraft noise 
attenuation under Australian building conditions.

4.1.2 Health

From a theoretical point of view, an assessment of the causal relationship 
between noise exposure and non-specific health effects presents difficulties. 
Increases in blood pressure level, heart disease, gastric ulcers, and other 
stress-related syndromes have a multifactorial origin. It is difficult to exercise 
sufficient control over all relevant risk factors in epidemiological studies, 
particularly as several of the risk factors such as social class, personal habits, 
and personality characteristics are difficult to define.

A number of approaches to assessing health outcomes have been employed. 
They can be broadly classified into epidemiological, direct assessment and 
survey techniques. Though each of these approaches has limitations, 
considering data derived from all three approaches provides a valid insight 
into the impact of noise exposure on human health.
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Epidem iological Techniques

The epidemiological approach of obtaining data from public records, 
hospital records and sales records, is an extremely cost effective one which 
involves minimal compliance from subjects and is not influenced by demand 
characteristics as surveys may be (see job and Bullen, 1985). Studies 
examining the health effects of exposure to aircraft noise have been based on 
records of deaths. Birth records are also examined to determine birth weight 
and birth defects. Records of both general and mental hospitals have been 
examined to evaluate numbers of admissions and the nature of complaints in 
areas of differing noise exposures. Similarly, numbers of visits to general 
practitioners, and the reasons for the visit have also been considered. The 
incidence of a particular illness in a particular area has also been measured 
by evaluating the use of prescription and non-prescription drugs on the basis 
of sales in pharmacies in that area.

Despite the similarity of these approaches they are of differential value. All 
of these indices are plagued by the problem that people w ill not only be 
admitted to a hospital, visit the general practitioner or buy medication in 
their area of residence. Whilst public records of births and deaths provide a 
relatively complete index of the actual population parameter for these 
outcomes, hospital admission records are likely to be incomplete. For health 
outcomes which require immediate medical attention, such as myocardial 
infarction for example, most occurrences in the population will be reflected 
in hospital admissions. However, residents suffering from seemingly minor 
complaints which may result from noise exposure , such as sleep disturbance 
for example, are unlikely to be admitted to hospital (until the "minor" 
complaint results in a more serious one). Even records of visits to general 
practitioners w ill underestimate the actual frequency of minor complaints 
such as these. Data gleaned from pharmacy sales has similar flaws. Not only 
do pharmacy sales not provide a complete index of drug use, but drug use 
does not provide an accurate index of the population incidence of a 
particular complaint. For example, not everyone suffering from sleep 
disturbance w ill take sleeping pills. Further, people may take sleeping pills 
even if they are not suffering from sleep disturbance. Data regarding the 
nature of complaints which have caused a visit to the GP, or admission to 
hospital, or the severity or type of birth defects tends to be very unreliable, 
due to the large amount of variance introduced by differing recording 
techniques from one hospital (or general practitioner) to another. 
Furthermore, these variations may not be random. For example, use of 
services within the local area may depend on the quality and quantity of 
such services, which may vary with the socio-economic status of the area. 
Socio-economic status may influence treatment in the private versus the 
public system and thus entry into public records. This would tend to 
underestimate hospital admissions in higher socio-economic, often lower 
noise, areas.

Survey (Self-Report) Techniques

Survey techniques overcome these difficulties to some extent and allow 
assessment of a wide range of health outcomes. Survey techniques involve 
obtaining information about subjects' physiological and psychological health 
status via interviews and questionnaires. Thus a respondent can be asked
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whether they are suffering from sleep disorder or whether they are depressed. 
The survey approach allows detection of complaints which are not severe 
enough to warrant a visit to the doctor. However, some complaints which 
might be detected by direct measurement may not be sufficiently detectable 
by the respondent for them to report it. Survey techniques also strike a 
middle ground between the epidemiological and direct measurement in 
terms of cost effectiveness and subject compliance. Further, they permit 
control over (and assessment of) the consistency of measurement techniques 
in order to minimise unnecessary variance in the data. For example, 
interview protocols can be standardised. The main disadvantages of survey 
techniques are those inherent to self-report. The accuracy of the data relies 
on the accuracy of the subjects report. This may be distorted by demand 
characteristics or imperfect knowledge or recall, or deliberate distortion. 
Further, surveys which rely on volunteer sampling may not provide a 
representative sample of the population making generalisation of the findings 
to the general population difficult. Similarly, the necessity of excluding 
certain individuals, for example on the basis of literacy, also undermines the 
representativeness of the sample.

However, many of the difficulties which are potentially associated with 
survey techniques may be minimised or avoided by using good sampling, 
good interview technique and payment of incentives (see Job and Bullen, 
1985, 1987).

D irect Assessment (Observational) Techniques

Direct assessment of particular health outcomes circumvents the problem 
which plagues the epidemiological approach (and to a lesser extent survey 
techniques) that the incidence of certain illnesses is underrepresented. For 
example, the incidence of high blood pressure in a population can be 
assessed by randomly selecting a representative sample of individuals from 
that population and directly measuring the blood pressure of these 
individuals. This approach does not depend on a complaint becoming 
sufficiently severe to require consultation with a general practitioner, or 
admission to hospital, before it can be detected. As for the survey (but not 
the epidemiological) approach, unnecessary variance can be minimised by 
standardising experimental procedures. A further advantage of this approach 
to assessing the health outcomes of noise exposure is that it allows 
measurement during noise exposure in a way the other two methods do not. 
Unfortunately this approach also has its shortcomings. Firstly, this method is 
very labour intensive and thus costly. Secondly, it involves a greater degree 
of compliance form subjects than does the epidemiological approach. 
Thirdly, it involves the same difficulties with volunteer bias as do survey 
techniques.

Finally, a number of the putative detrimental health outcomes of noise are 
not amenable to assessment by this method. For example, depression cannot 
be assessed in as direct a manner as blood pressure.

4.1.3 Performance

The majority of studies have assessed performance by direct assessment and/ 
or survey techniques.
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Direct Assessment (Observational) Techniques

Direct assessment involves observing subjects carrying out the particular task 
or activity while monitoring their ability to do so, sometimes under noisy 
conditions. The main disadvantage of this approach is that the assessment 
procedures may interfere with performance of many tasks or activities (for 
example, Hawthorne effect (Roethlisberger and Dickson, 1939)). As a 
particularly pertinent example, direct assessment of sleep disturbance by 
monitoring individuals' vegetative function during sleep is liable to interfere 
with normal sleep patterns.

Survey (Self-Report) Techniques

Survey techniques involve asking respondents whether noise interferes with 
various activities (such as watching television, conversation) or whether they 
are having trouble sleeping. This allows assessment of a wide variety of 
activities, some of which may be difficult to assess with direct measurement. 
However, as noted previously the accuracy of this method depends on the 
accuracy of the respondents' recall, knowledge, or report.

Data gathered using each of these methods w ill be considered in the present 
review.

4.1.4 Reaction

Reaction is typically measured by survey techniques, which have the 
advantages and disadvantages outlined above with respect to health surveys.

Consideration of reaction has frequently been restricted to an assessment of 
community annoyance (Gunn, Petterson, Cornog, Klaus, and Connor, 1975), 
to the exclusion of the many other reactions residents could potentially have 
to noise exposure. However, measures of reactions to noise phrased in terms 
of the degree to which the respondent is 'affected by ' or 'dissatisfied' with 
the noise provide a demonstrably more global and reliable measure of 
reaction than more specific measures, such as 'annoyance w ith ' the noise 
(Job et al., 1996d). Furthermore, indices of reaction which are constructed 
from a number of questions are more reliable than measures based on a 
single question (Job 1988a, 1991a). There may be two reasons for this. 
Firstly, the reliability of an index is increased by increasing the number of 
items used to construct it. Secondly, like single questions phrased in general 
terms ("affected by" and "dissatisfied"), the indices composed of several items 
have covered more potential reactions than single questions on "annoyance". 
Thus, a change in one component of reaction w ill not alter the score on the 
index as much as w ill a change in the one component to which a single item 
index refers (Job et al., 1996d).

Studies which have considered more than annoyance as a measure of 
subjective reaction (e.g. Bullen and Hede, 1986; Bullen, Hede, and Job, 
1991; Job and Hede, 1989; Job, Bullen, and Burgess, 1991) have produced 
broadly similar results to those studies examining annoyance only (Berglund 
and Lindvall, 1995).
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This review includes "reaction" data derived from a single question on 
annoyance as well as data derived from single questions phrased in more 
general terms and from reaction indices composed of a variety of questions. 
However, in assessing the results of reviewed studies it should be recognised 
that the latter two approaches provide more reliable and valid data.

Several other indices of reaction have been considered, including activity 
disturbance (Borsky, 1980; Bullen and Hede, 1986; Bullen, et al., 1991; 
Gunn, 1987; Job and Hede, 1989; Job, et al., 1991; Lindvall and Radford, 
1973), complaint disposition and changes of residence (Borsky, 1980; Bullen 
and Hede, 1986; Bullen, etal., 1991; Gunn, 1987; Hede and Bullen, 1982a, 
1982b; Job and Hede, 1989; Job, et al., 1991; Lindvall and Radford, 1973). 
These indices potentially provide the opportunity to assess reaction without 
the use of self-report, but have typically been addressed in surveys rather 
than observational studies anyway. Further, these indices are not directly 
related to reaction, as they may be influenced by a range of other factors. 
Arvidsson and Lindvall (1978) found that simple measures of physiological 
arousal (urine catecholamines) are not adequate predictors of self-reported 
noise annoyance.

De Jong and Miedema (1995) and Job (1995) provide further discussion of 
survey techniques for measurement of reaction. Consideration of the most 
appropriate response scales for measuring reaction is provided by Fields 
(1996b, 1996c), Job (1995) and Khan, Johansson and Sundback (1996).

4.2 Study Type

The effects of exposure to aircraft noise have been conducted in the field and 
in the laboratory. Laboratory studies involve noise exposure in the 
laboratory, whereas field studies involve more naturalistic noise exposure. 
Field studies may involve some testing in the laboratory. Again, the relative 
merits of these two basic study types should be considered in evaluating the 
findings of reviewed studies.

4.2.1 Field (Community) Studies: Residential and  O ccupational
Studies

Generally in field studies, the noise exposure which serves as the main 
independent variable occurs in the subjects' area of residence (residential 
studies) or place of work (occupational studies). The value of the ecological 
validity of such exposure is counterposed by the difficulties of measuring it.

Measurement of dependant variables is generally conducted in the field but 
may be conducted in the laboratory.

The main disadvantage of field studies is the bias potentially introduced by 
self-selection. People who choose to live in noisy areas or work in noisy 
occupations are likely to be people who are tolerant to noise and have not 
suffered negative impacts on health, performance and reaction (however 
residence and career choices may be restricted by other factors such as socio
economic status). Furthermore, individuals working in noisy professions
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tend to be young males. As these samples are not representative of the 
general population, it is difficult to draw conclusions concerning the general 
populations. This difficulty can be overcome to some extent by taking 
residential behaviour into account or performing studies immediately 
following changes in noise exposure.

4.2.2 Laboratory Studies

In laboratory studies subjects are exposed to varying levels of various sounds. 
This facilitates measurement of more precisely controlled noise levels of a 
wider range of noise sources than is possible in field studies.

The reverse side of this advantage is the difficulty of assessing the effects of 
long term noise exposure in humans and the reduced ecological validity. 
For example, the sleep process and the manner in which noise affects it may 
be quite different in the unfamiliar laboratory environment than at home. 
This problem may be addressed in part by allowing the subjects to become 
familiar with the testing environment before the commencement of testing.

Measurement of dependant variables is typically conducted in the laboratory. 
This has the advantage of permitting tighter controls on procedure, in 
particular noise levels during testing, than is possible in the field.

Many laboratory studies employ non-human animals as subjects, raising 
issues regarding the validity of animal models of effects in humans. W hile 
such studies have yielded valuable information they cannot address issues to 
do with human activity disturbance or dissatisfaction and the levels of noise 
at which these occur.

4.3 Study Design

Several community study designs have been used in an attempt to ascertain 
the impact of exposure to noise on human health, performance and reaction, 
some more appropriately than others. They can be broadly classified into 
cross-sectional and longitudinal designs. Each of these have advantages and 
disadvantages which should be considered when assessing the findings of 
studies which have used them.

4.3.1 Cross-Sectional Designs

Cross-sectional designs involve comparing groups which are exposed to 
different levels of noise simultaneously. For example, the health of residents 
in a low noise area (say, maximum level of less than 50dB) might be 
compared to the health of residents in a high noise area (say, maximum level 
greater than 60dBA). The advantages of this design are that it is time and 
cost effective and that the required populations are readily available, 
however it has serious limitations, making a finding that health is poorer in 
high noise areas difficult to interpret.

Firstly, the possibility of finding an effect is possibly reduced by the 
possibility that the high noise sample represent a "survivor" population.
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Where there has been high noise exposure for some time people who are 
particularly sensitive to noise may have moved out of the area, leaving a 
group of people who are less vulnerable than average to any detrimental 
effects of noise exposure. Thus, even if noise exposure does have a negative 
impact it might not be detected by comparing such a survivor population 
with residents of a low noise area. However, those remaining in a high 
noise area may not be those who are less susceptible, rather those who are 
less aware, or less able to move, which might produce the opposite effect. 
One means of addressing these concerns is to employ a sample from an area 
which has just become exposed to high noise levels. However, this 
approach brings its own difficulties. Such a sample is not as easy to come by 
and, more importantly, this design potentially confounds the effect of noise 
exposure per se with the effects of a change in noise exposure. In addition, 
health effects due to noise may take time to develop and so could be missed 
in a study of recently introduced noise. If the comparison group is one 
which has just become exposed to low noise levels the complication of 
previous exposure levels is introduced. Ideally these effects would be 
disentangled by employing the two "changed exposure" groups ("changed to 
high noise" and "changed to low noise") as well as "long term" low and high 
exposure groups. Alternatively, one might consider the impact of noise 
exposure on sensitive subgroups of each sample, or control for the effects of 
residency changes statistically.

Secondly, because the cross-sectional design is essentially correlational, the 
chain of causality is not clear. Given a correlation between ill health and 
high noise levels, it seems apparent that poor health is not the cause of high 
noise levels (although not impossible, in that people who are forced out of 
work for medical reasons, may have to live in a high noise area for financial 
reasons), but it is not clear high noise levels cause ill health. For example, ill 
health could be caused by other factors which are associated with residency 
in high noise areas, such as low socio-economic status. This concern can be 
addressed to some degree by controlling (methodologically or statistically) 
for the effects of such confounding factors. Alternatively, direction of 
causality may be determined by conducting longitudinal studies.

4.3.2 Longitudinal Designs

Longitudinal designs avoid many of the problems of cross-sectional designs 
by facilitating interpretation of causality and restricting inflation of variance 
and confounding due to individual differences. In longitudinal research the 
same subjects are tested on more than one occasion. This allows 
examination of the effects of chronic exposure to noise, without confounding 
by the characteristics of people who have had long term exposure to noise 
versus those who have not (for example, socio-economic status). However, 
exposure prior to the first testing occasion should be considered in order to 
address the possibility that any effects have already taken place.

Longitudinal designs also provide the opportunity to examine the effects of a 
change in noise exposure from low to high or high to low. Ideally, subjects 
are first tested before exposure to high noise levels. They are then re-tested 
at various intervals following exposure to high level noise. Because the "low 
noise group" involves the same subjects as the "high noise group", any 
observed effect is unmuddied by confounding factors such as socio
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economic status and noise sensitivity. Thus, a change in health, performance 
or reaction from the first to later testing occasions can be attributed to noise 
exposure with relative confidence. The effects of a change in noise exposure 
can be gauged by testing during a long follow-up period after the change to 
high noise levels. The occurrence of adaptation can also be evaluated in this 
manner. Changes in residence can be monitored and considered as a 
component of reaction.

Although superior to cross-sectional designs, longitudinal designs are not 
without their problems. Firstly, the results of follow up test may be 
influenced by previous testing. In order to assess this influence it is 
advisable to administer test on each occasion to a cohort that has not been 
tested before. Designs which involve a change in noise derive further 
benefit from inclusion of a 'm atched' control group which is repeat tested 
but not exposed to a change in noise. Secondly, events other than noise 
exposure changes can confound results if the groups are affected 
differentially, which may be the case for changes in air pollution etc which 
accompany the change in noise level. A final difficulty with longitudinal 
designs is that they may be costly and require much more time.

4.4 M ediating or Modifying Variables

It is unlikely that sound only influences health, performance and reaction 
directly. Some of its impacts are probably mediated by other effects or 
moderated by other factors. A mediating variable is one which "transfers" 
the impact of the sound. Thus, if sound exposure causes sleep disturbance, 
which in turn causes annoyance, sleep disturbance is said to "mediate" the 
effect of sound on annoyance. A moderating variable is one which 
influences (ameliorates or potentiates) the impact of the sound. Thus, if the 
extent of annoyance produced by a sound depends on a person's age, age is 
said to "moderate" the impact of the sound.

4.4.1 Mediating Variables

Studies have sometimes assessed mediating variables by assessing the 
correlation between the mediating variable in question and the outcome it 
supposedly mediates. However, this approach results in ambiguity as to the 
causal direction. For example, a correlation between noise-induced sleep 
disturbance and annoyance could indicate that sleep disturbance mediates 
the impact of sound on annoyance, that annoyance mediates the impact of 
sound on sleep disturbance, that sound has direct and independent impacts 
on sleep disturbance and annoyance or that some third effect mediates the 
impact of sound on both sleep disturbance and annoyance.

Clearly, it is possible that chains of mediation involve more than one step. 
Thus one way in which noise impacts on health might be by disturbing 
immune function, by causing anxiety, by causing sleep disturbance. By 
recognising "one step" chains of mediation it is possible to infer which more 
complex chains might exist.
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This review presents hypotheses about potential indirect mechanisms of the 
impact of sound on outcome variables. Only "one step" mediations are 
discussed, leaving others which remain untested to be inferred. Empirical 
evidence which addresses these hypotheses is also presented.

4.4.2 Moderating Variables

Consideration of moderating variables, such as age, gender, ethnicity, socio
economic status, attitude toward the noise source, and sensitivity has 
unfortunately been sparse. Noise sensitivity, which has arguably received 
the most attention, suffers from conceptual and methodological difficulties. 
Firstly, the application of the concept noise sensitivity tends to be circular. 
Noise sensitivity has been proposed as a trait susceptibility to noise, but is 
assessed only in terms hypothesised effect. Secondly, noise sensitivity has 
typically been measured using self-report techniques and single-item indices, 
raising serious concerns about the validity of the data. Measurement in terms 
of reactivity to other stressors perhaps presents a solution to each of these 
difficulties. For example, subjects classified as being high or low responders 
to traffic noise have been found to exhibit similarly elevated or reduced 
reactivity to stressors, including simulated traffic noise, rotten-egg odour and 
tobacco smoke, in the laboratory (Winneke, Neuf, and Steinheider, 1996).

It is important that the influence of moderating variables be examined. 
Failure to consider moderating variables is liable to distort results of 
investigations of the impacts of noise on health, performance and reaction. 
Further, a sound knowledge of the variables which moderate the impacts of 
noise is invaluable. It would allow better prediction of the impacts of a 
given noise and thus would provide the basis for decisions about which 
populations to target with noise mitigation measures. More importantly, it 
might direct efforts towards alternative interventions to ameliorate the 
impacts of noise. For example, if particularly negative impacts of aircraft 
noise are associated with a negative attitude toward the airport, interventions 
designed to improve attitudes could be effective in minimising impact of the 
noise (see Job, 1991 b on use of attitude).

4.5 Confounding Variables

A correlation between sound exposure and a particular outcome may not 
indicate any relationship between exposure and the outcome at all, but 
rather the effects of a third variable. For example, poorer health may be 
observed in high noise areas not because noise has a negative effect on 
health, but because people who live in such areas may tend to be of lower 
socio-economic status, and low socio-economic status is known to be 
associated with poor health. Confounding variables may also mask a true 
effect of noise. Widespread failure to adequately control for the effects of 
potential confounding variables may be one of the reasons for 
inconsistencies in data regarding the impacts of noise on health, performance 
and reaction.

The repeated commentary that confounding factors may explain a difference 
in health between those in high versus low noise areas is frustrating.
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However, little can be done about this. It is unfortunate that residents in 
high noise areas are likely to be closer to industrial zones, have less access to 
services and have lower socio-economic status than residents in low noise 
areas. The researcher can do nothing to alter this state of affairs. In research 
on various factors (especially potentially beneficial ones), long-term effects 
can be studied in well controlled experiments in which subjects are exposed 
to the factor and the effects observed. This is not ethically or logistically 
possible in noise research. First, subjects who are willing to be exposed to 
long term noise for the sake of science may be difficult to find and are likely 
to constitute a self-selected, non-representative subset of the population. 
Second, given the possibility of real harm, no ethics committee would allow 
such research. These difficulties present a considerable disincentive to 
conducting noise research. Even where rare opportunities emerge to 
research potential health effects in "naturally occurring experiments", such as 
changes to airports (e g. the opening of the third runway at Sydney airport), 
research is difficult. For example, it may be hampered by lack of funding or 
changes in human reaction created by extensive media coverage (Carter et 
al., 1996a). Thus, the frustration we may feel with the incomplete answers 
supplied should be tempered with an awareness of the reasons for these 
limitations.
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P o t e n t i a l  N o i s e  Im p a c t s

5.1 Impact of Sound on Auditory Health

Empirical evidence unambiguously supports the popular assumption that 
excessive exposure to high intensity noise can result in hearing loss. 
Individuals living in remote quiet regions demonstrate particularly acute 
hearing in comparison with members of urban populations of equivalent age 
(Rosen, Bergman, Plester, El-Mofty, and Satti, 1962), though this may be due 
to cultural, genetic, dietary or non-noise environmental factors, rather than 
noise exposure alone. The majority of evidence pertaining to the impact of 
noise on auditory health derives from industrial surveys, although there is 
also evidence that motorcycling, snowmobiling, loud music, toys, and 
fireworks can impact on auditory health (Axelsson, 1991; Axelsson and 
Jerson, 1985; Dickinson and Hegley, 1989; Fearn and Hanson, 1984; 
Hellstrdm, 1991; Hellstrom and Axelsson, 1988; HellstrOm, Dengerink, and 
Axelsson, 1992; Ising, Babisch, Gandert, and Scheuermann, 1988; Kryter, 
1991; Struwe, Jansen, Schwarze, Nitzche and Notbohm, 1995). Although 
currently available data suggest that typical exposures to aircraft noise alone 
are not sufficient to produce hearing loss, noise-induced hearing loss may be 
observed in the presence of exacerbating factors. Other auditory effects, 
such as aural pain may result from aircraft noise.

5.1.1 Aural D iscomfort and Pain

Discomfort, Aural Pain and Sound Pressure Level

For individuals with normal hearing, the SPL threshold for physical 
discomfort, referred to as the uncomfortable loudness level, is around 80- 
lOOdB (Spreng, 1975). The threshold for aural pain ranges from 110-130 dB, 
although individual differences are marked especially for high frequency 
exposures (von Gierke, Davis, Eldredge, and Harry, 1953). Intense low 
frequency noise also tends to produce aural pain (von Gierke and Nixon, 
1976; see also von Bgkesy, 1960). Thus, whilst residents in the vicinity of an 
airport seldom experience exposures intense enough to occasion physical 
pain, they frequently experience sound pressure levels which are sufficient to 
produce discomfort.

Noise Moderators

Individuals with abnormal hearing often demonstrate dysacusis, "a lowering 
of the threshold of aural discomfort and pain" (Berglund and Lindvall, 1995, 
p46), so may suffer pain at sound pressure levels which are common in the 
vicinity of the airport. For example, in cases of inflammation, pain may be 
caused in the eardrum or middle ear by sound pressure levels of about 80-90 
dB.

W ith regard to the issue of aural pain, particular consideration must be given 
to hearing-aid users, who frequently report discomfort with exposure to
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sudden loud sounds, loud music, and even raised voices. Hearing aids may 
transmit some components of aircraft sound at a higher volume than other 
sounds, thus contributing to increased discomfort and disturbance (Vipac 
Engineers and Scientists Ltd., 1990). However, it is possible to set hearing 
aids to automatically limit sound pressure level output (Gabrielsson, 
Johansson, Johnsson, Lindblad, and Persson, 1974).

Thus, if exposure to aircraft noise produces hearing impairment, it may 
further contribute to the experience of aural pain at the SPLs common in the 
vicinity of the airport.

Kinhill (1990) recognised that hearing aid wearers may experience some 
discomfort or pain as a result of exposure to aircraft noise. This suggestion 
was supported by the submission of one hearing aid user to the Senate Select 
Committee on Aircraft Noise in Sydney (1990) that he found he was forced 
to turn his hearing aid off and felt this resulted in various safety risks.

Kinhill (1990) however, did not suggest that individuals with impaired 
hearing or ear infections may suffer discomfort or pain as a result of diacusis, 
nor that even individuals with normal hearing are likely to experience some 
discomfort given the strong low frequency component of aircraft noise.

5.1.2 Definitions of Hearing Level, Noise Induced Hearing Loss 
and Hearing Impairment

Discussion of the effects of noise exposure on hearing requires definition of 
the terms hearing level, hearing loss, and hearing impairment.

Hearing Level

"Hearing level' is a physical unit used to describe the output of an 
audiometer. Many audiological outcomes can be measured in terms of 
hearing level, such as hearing threshold, uncomfortable loudness level, and 
acoustic reflex threshold. When auditory thresholds are expressed in hearing 
level, they are termed hearing threshold levels." (Berglund and Lindvall, 
1995, p30).

Hearing Loss and Threshold Shift

Hearing loss usually refers to an upward shift of hearing threshold level 
(King, Coles, Lutman, and Robinson, 1992), which may be temporary or 
permanent. Noise-induced threshold shift is a hearing loss attributable to 
noise alone. Thus, in order to infer that a threshold shift following noise 
exposure is in fact noise-induced, the influence of other factors which may 
have caused the shift must be taken into account.

In particular, the influence of the reduction in hearing sensitivity which 
typically occurs with age, known as presbyacusis (Glorig and Nixon, 1962), 
must be considered. Unfortunately, there are problems associated with 
disentangling the effects of noise exposure and ageing per se. Although the 
general progression of presbyacusis has been well-established (for examples 
see, Gallo and Glorig, 1964; Hinchcliffe, 1959; Spoor, 1967; US NCHS, 
1987; Weinstein, 1994), there is substantial individual variation in both the
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amount and rate of hearing loss due to ageing. A  model relating 
presbyacusis and noise induced permanent threshold shift has been 
proposed by Corso (1992). However, controversy exists as to the degree to 
which hearing loss due to the cumulative effects of everyday noise exposure 
(sociacusis; see Glorig, Grings and Summerfield, 1958) confounds hearing 
loss due to ageing alone.

Hearing Impairment

Hearing impairment has been defined in terms of hearing level and hearing 
loss. In both cases the classification depends on exceeding some criterion of 
severity.

Thus, the criterion for hearing impairment has been defined as "the hearing 
level at which individuals begin to experience difficulty in leading a normal 
life, usually in relation to understanding speech” (Berglund and Lindvall, 
1995, p30: citing Abel, Krever, and Alberti, 1990; Smoorenburg, 1992). 
Hearing of other acoustic signals, such as door bells, telephones, or 
electronic signals, may also be impaired.

Alternatively, a hearing loss which is greater than a particular standard is 
classified as hearing impairment. These standards have supposedly been set 
according to the requirements for adequate speech communication. 
According to the international standard (ISO 1989, 1990), an individual with 
a hearing loss of at least 25 dB averaged over the frequencies 0.5, 1, and 2 
kHz is classified as hearing impaired. However higher frequency signals (up 
to 4kHz) are critical to speech intelligibility and music perception under 
nonoptimal conditions such as the presence of high level background noise 
or signal distortion (Abel et al., 1990; Acton, 1970; Aniansson, 1974; 
Ceypek and Kuzniarz, 1974; Harris, 1965; King et al., 1992; Kryter, 
Williams, and Green, 1962; Niemeyer, 1967). This shortcoming of the ISO 
criterion is particularly pertinent for noise-induced hearing losses, as these 
most commonly occur at 2kHz and above. Thus, losses at 3 kHz should also 
be included in the classification of hearing impairment. Inclusion of losses at 
frequencies of 4 and 6 kHz would produce a criterion which is particularly 
sensitive to early hearing impairment. Standards in various countries do take 
higher frequencies into account. In Australia, hearing disability is classified 
as beginning when there is a hearing loss of at least 20dB at any of 0.5, 1, 
1.5, 2, or, 3 kHz, a hearing loss of 25 dB at 4kHz, of 30 dB at 6kHz or of 35 
dB at 8kHz (Macrae, 1988). Table 5.1 presents a range of hearing loss 
criteria adopted by various US organisations (Ishii, 1993a). In the United 
Kingdom, the standard is an average hearing loss of 30 dB at 1, 2, and 3 
kHz, and in Poland, 30 dB at 1, 2, and 4 kHz (after age correction).

Thus, the classification of hearing impairment depends on the, often 
arbitrary, choice of a criterion. Since even small hearing losses can disturb 
voice communication (Smoorenburg, 1992), the use of such a criterion may 
result in hearing loss which actually causes impairment not being classified 
as "hearing impairment”. Further, the size of the hearing loss is not the only 
determinant of impairment. Alterations in the loudness-growth function 
(recruitment) can result in reduced speech intelligibility (Heilman and 
Meiselman, 1990). Finally, speech intelligibility may not be the most 
appropriate guide to impairment, because it does not necessarily indicate
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whether a hearing loss is sufficient to interfere with daily life. Because 
speech involves a multiplicity of cues, hearing losses which are sufficient to 
interfere with other activities may not reduce speech intelligibility when 
listening conditions are optimal. To avoid these difficulties, in some 
countries the use of a criterion other than impairment itself is rejected (King 
etal., 1992).

Table 5.1: American Hearing Loss Criteria

Source Frequency Fence (kHz)1 Average (dB)
American Academy of Ophthalmology and 
Otolaryngology2 (1961)

0.5, 1, 2 25

American Academy of Otolaryngology3 
(1990)

0.5, 1,2, 3 25

National Institute of Occupational Safety and 
Health (Kryter, W illiam s and DM Green,
1962; JD  Harris, 1965)

1 ,2 ,3 25

Occupational Safety and Health Act (US 
Department of Labour, 1983)

2, 3 ,4 10

Notes: 1. The level above which hearing impairment occurs.
2. American Academy of Opthalmology and Otolaryngology and AMA (pre-1971) were the 

same.
3. American Academy of Opthalmology and Otolaryngology's hearing section separated to 

AAO (post-1979), A M A  (post-1971), an d  A N S I-1 9 6 9 .

Source: Ishill (1993)a.
The degree of noise-induced hearing impairment that could be expected in a 
community is important for determination of "acceptable" noise levels. 
"Damage-risk has been defined as the percentage of a population with a 
given amount of hearing impairment, after corrections have been made for 
those persons who would 'normally* incur losses from causes other than 
noise exposure (ISO  1989, 1990). " (Berglund and Lindvall, 1995, p39-40).

5.1.3 Mechanisms of Noise-Induced Hearing Loss

Current knowledge of the effects of noise on the physiology of the auditory 
system has largely been gleaned from laboratory studies with humans and 
nonhuman animals (for examples see CHABA, 1988; Katz, 1994). Data 
suggest that noise can cause changes to the metabolism of the cochlea, 
which are at least partially reversible, and can cause permanent mechanical 
damage to the auditory system.

Normal Auditory Process

In the normal auditory process, sound vibrations in the air cause vibrations of 
the eardrum, which are transmitted by the three small bones of the middle 
ear (the malleus, incus and stapes) to the organ of Corti, the sensory organ of 
the cochlea (inner ear). As a consequence waves travel along the basilar 
membrane, causing the hair cells with which it is covered to bend. This 
produces nerve impulses which are transmitted to the auditory brain to cause 
the perception of sound. The maximum stimulation of the hair cells occurs
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at the point of greatest displacement of the basilar membrane. The location 
of this point is determined by the frequency of the sound causing the 
displacement. The higher the frequency, the closer is the point of maximum 
displacement to the base of the cochlea, where the basilar membrane is 
narrowest. The lower the frequency the further is the point of maximum 
displacement towards the point at which the basilar membrane is widest, its 
apex.

The otoacoustic reflex provides some protection against damage by high 
intensity sounds. In response to sounds above 75-90dBA, sudden 
contraction of the stapedius muscle changes the movement of the stapes, 
reducing conduction of sound energy to the cochlear by approximately 15- 
20 dB at low and middle frequencies (Mailer, 1961). The degree of 
protection afforded by this reflex depends on the intensity, frequency and 
time pattern of the sound. Sounds with a rapid rise time (impulsive sounds) 
can penetrate the ear before the muscle contraction occurs, because the 
response time of the aural reflex is of the order of 100-300 ms. This may in 
part explain greater community reaction to impulsive noise, than non- 
impulsive noise (Job, et al., 1991) Further, since the reflex action weakens 
with time it provides little protection against damage by prolonged steady 
sounds. This is particularly the case for frequencies above 3 kHz, for which 
the muscle contraction is momentary, whereas for lower frequencies it 
continues for a considerable time (lohansson, Kylin, and Langfy, 1967). The 
efficacy of the acoustic reflex also demonstrates substantial individual 
variation. It has been demonstrated that patients with unilateral stapedius 
muscle paralysis experience a significantly greater temporary loss in auditory 
sensitivity in the affected than in the unaffected ear (Zakrisson, 1975). 
Contradictory findings have been found in animal studies, in which the 
stapedius muscle was severed (Ferris, 1966; Steffen, Nixon, and Glorig, 
1963).

The cochlea might also be protected from damage by high intensity noise by 
pathological changes to the middle ear, although it has also been proposed 
that the such changes could increase the possibility of noise-induced 
damage. Whilst there have been reports of lower noise induced hearing loss 
in damaged than in normal ears (Johansson, 1952), it has been argued that 
bone conduction becomes more effective with middle ear pathology, 
rendering the otoacoustic reflex less effective (Dieroff, 1964; M ills and Lilly, 
1971; Mounier-Kuhn, Gaillard Martin, and Bonnefoy, 1960; Ward, 1962).

M etabolic Consequences of Noise Exposure

It is thought that cochlear blood flow may be altered by noise exposure, 
resulting in changes to local temperature and cell metabolism. These 
changes may result in damage to local proteins (Berglund and Lindvall, 
1995).

Ward (1960) hypothesised that insufficient cell metabolism as a result of 
noise exposure might produce both the temporary and permanent noise- 
induced hearing deficits.
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Mechanical and Sensorineural Damage

Intense or explosive sounds, such as blasts, can rupture the eardrum or cause 
immediate damage to the structures of the middle and inner ear. Prolonged 
exposure to noise can also produce morphological changes in the auditory 
system. Initially, the stereocilia (receptor cells) of the inner and outer hair 
cells in the cochlea are found to fuse and bend (Axelsson and Lid6n, 1985). 
The hair cells of the inner ear may be destroyed, with an associated loss in 
auditory sensitivity. The severity of noise-induced hearing loss depends on 
both the degree and location of damage in the organ of Corti, which, in turn, 
depend on the intensity and frequency of the sound exposure. The number 
of hair cells damaged or destroyed increases with increasing intensity and 
duration of noise. Many hair cells can be lost from basilar region which is 
receptive to low frequency stimulation without significant loss in low 
frequency sensitivity. Whereas loss of hair cells from the basilar regions 
which are responsive to high frequency stimulation results in significant 
losses of high frequency sensitivity (Hamernik, Ahroon, and Hsueh, 1991; 
M iller, Rosthenberg, and Eldredge, 1971; see also Katz, 1994). This is 
thought to be due to there being a greater portion of the basilar membrane 
receptive to low frequency than to high frequency stimulation.

W hilst several putative mechanisms have been proposed to account for the 
destruction of the Corti organ (for reviews see Ward, 1973, 1991), and 
numerous animal experiments have been conducted, it is not yet known 
how the damage occurs. One tentative theory is that mechanical stresses 
destroy the hair cells (Hamernik, Turrentine, Roberto, Salvi, and Henderson, 
1984).

Permanent hearing losses are generally due to sensorineural damage (to the 
inner ear) and can thus be detected in both air and bone conduction 
audiograms.

5.1.4 Noise-Induced Temporary Threshold Shift

A substantial reduction in audiometric thresholds, sometimes accompanied 
by tinnitus, often results from brief exposure to high intensity noise, but 
disappears some time after return to a quiet environment. This transient loss 
in auditory sensitivity is referred to as a noise-induced temporary threshold 
shift (NITTS) and is measured by comparing pre- and (repeated) post
exposure audiograms.

NITTS has been examined in laboratory studies with a number of animal 
species (including humans), using a wide variety of noise exposure patterns. 
The following general observations (see Clark, 1991; Danielson, Henderson, 
Cratton, Bianchi, and Salvi, 1991) should be treated with caution since many 
of the relevant studies used nonhuman animals as subjects:

• there is considerable individual variation in susceptibility to NITTS, the 
rate at which it approaches asymptote, and the rate of recovery from it;

■ NITTS can be experienced by individuals who have a previously existing 
permanent noise-induced threshold shift;
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■ in humans the greatest NITTS occurs at frequencies slightly above the 
dominant frequency of the noise stimulus;

> generally, the extent of the temporary hearing loss is predicted by the 
equal energy rule. That is, the size of the NITTS is determined by the 
total sound energy (the product of sound intensity and duration) which 
enters the ear, for steady noise. The equal energy rule overestimates the 
NITTS for sounds with frequencies lower than 2kHZ and underestimates 
the NITTS above 2kHz (Yamamoto, Shoji, and Takagi, 1968). The 
NITTS from interrupted noise is also overestimated by the equal energy 
rule (Ward, 1970);

■ typically, NITTS from impulse noise increases more rapidly than NITTS 
from steady noise (Ward, Selters, and Glorig, 1961) and recovers more 
slowly (Cohen, Kylin, and LaBenz, 1966); and

■ recovery from NITTS occurs as an exponential function of time over a 
period of hours to weeks, depending on the severity of the hearing shift, 
and thus on individual susceptibility, and the type of exposure. Thus, in 
order to infer a permanent threshold shift sufficient recovery time must 
be allowed. Further, recovery of sensitivity as assessed by audiogram 
should not be taken to indicate that recovery has occurred as there may 
be injuries which are not measurable psychophysically (Bohne, 1976).

If recovery is not complete before the next noise exposure, there is a 
possibility that some of the loss will become permanent. Indeed, efforts have 
been made to use information on NITTS to predict sound pressure levels that 
might cause permanent threshold shifts and to predict individual 
susceptibility to permanent noise-induced hearing loss.

5.1.5 Noise-Induced Permanent Threshold Shift

Noise exposure has been found to lead to permanent hearing losses, referred 
to as noise-induced permanent threshold shifts (NIPTS) which, because they 
are sensorineural, can be detected both in air and bone conduction 
audiograms. However, evidence for NIPTS resulting form typical exposures 
to aircraft noise is inconclusive (Berglund and Lindvall, 1995).

NIPTS is believed to occur gradually over a period of years. However some 
data suggest that abrupt hearing losses are also possible. Evidence for 
sudden changes in sensitivity may, however, be misleading. Early damage 
may not be easily detected due to failure to interfere with speech (Berglund 
and Lindvall, 1995).

Few studies have examined the effects of exposure to aircraft noise on 
hearing. Generally, these studies have "found no relation between aircraft 
noise levels and measures of residents' hearing" (Bradley, 1996, p2542) and 
furthermore such a relationship would not identify a casual connection. For 
example, Moch-Sibony (1984) reported that in the vicinity of the Paris 
airport, children attending a sound-attenuated school performed better on an 
auditory discrimination task performed under quiet conditions than did 
children attending a non-sound-attenuated school (matched for social class). 
From this finding it has been concluded that the children from the non-sound 
attenuated school were suffering from hearing losses. There are several
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difficulties with this conclusion. It is not clear that sufficient time for 
recovery from NITTS was allowed before testing for NIPTS. Further, it is 
possible that the poorer performance of the children from the noisy school 
was due to learning deficits under noisy conditions rather than a problem 
with their hearing during the test in quiet conditions. Other studies have 
found that the hearing of children exposed to aircraft noise did not differ 
significantly from the hearing of non-exposed children (Andres, Kerrigan, and 
Bird, 1975; Fisch, 1981).

Carter, MacSween, Bultear, Gray and Ferris (1975) studied the effects of 
exposure to general noise (including aircraft, road traffic, railway and 
industrial noise) on the hearing of 10-12 year old Sydney children. Children 
who had lived in noisy areas of Sydney for five to 12 years were compared to 
those who had lived in quiet areas for a comparable period. No differences 
in the hearing threshold level for pure tones from 500 to 6,000 Hz were 
found.

Most studies of NIPTS have been cross-sectional occupational studies, using 
workers in noisy industries (heavy industry, shipyards, textile plants, jet-cell 
test rooms, foundries, transportation, and forestry) as subjects (for example, 
Atherley, Noble, and Sugden, 1967; Bauer, Korpert, Neuberger, Raber, and 
Schwetz, 1991; Baughn, 1973; Burns, 1973; Burns and Robinson, 1970; 
King, 1941; Passchier-Vermeer, 1974; Robinson, 1971; Stone, Freeman, and 
Craig, 1971; Sulkowski, 1974; Talbott et a l„ 1996; see also Katz, 1994). 
Frequently, audiograms were compared with scxalled 'norm al' thresholds 
in order to control for the influence of presbyacusis and selection procedures 
were adopted to control for previous noise exposure or pre-existing 
otological abnormalities. Generally in these studies (see Berglund and 
Lindvall, 1995):

■ workers with daily exposure to noise above approximately 85dB over 
several years demonstrate NIPTS. For example, Cohen, Anticaglia, and 
Jones (1970) concluded that SPLs of at least 85-88dBA could be harmful 
to the ear, on the basis of comparing control subjects' hearing levels 
with those of subjects exposed to sounds of a variety of intensities and 
durations. Two occupational studies also report risks from exposures 
above 85-90 dBA (Martin, Gibson, and Lockington, 1975; Roth, 1970). 
Talbott et al. (1996) studied hearing levels of workers who had worked 
in noisy industry for at least 15 years. Workers who had worn hearing 
protection devices for at least 75% the time during their employment 
were compared with those who wore hearing protection devices no 
more than 25% of the time. They report that workers who had worn 
hearing protection had significantly better hearing that those in the 
second group, "although they were more exposed". However, the exact 
functional exposure when the hearing protection devices were worn was 
not estimated. Rey (1974) found that amongst metal workers exposed to 
SPLs from 95dBA 60% suffered hearing impairment according to the ISO 
criterion (controlling for duration of exposure, age and health). 
Figure 5. i compares the percentages of workers with hearing 
impairment (average hearing loss greater than 25 dBA, at frequencies of 
1, 2, and 3 kHz) as a function of age for unexposed groups and for 
groups exposed to sound pressure levels of occupational noise of 85, 
90, and 95 dBA (Lampert and Henderson, 1973);
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■ there is considerable individual variability in vulnerability to NIPTS;

■ individual variability in audiometric thresholds is greater in noise 
exposed than in non-noise exposed populations; and

■ NIPTS occurs mainly for high frequency sounds with a maximum around 
4kHz.

LOSS GREATER THAN 25 DBA AT 1, 2, AND 3 KHZ) AS A FUNCTION OF AGE 
FOR EXPOSURE TO OCCUPATIONAL NOISE

Source: US National Institute for Occupational Safety and Health (Lampert and Henderson, 1973).

In many of occupational studies sufficient recovery of NITTS due to 
occupational exposure may not have been allowed.
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The findings from studies of occupational noise exposure cannot necessarily 
be extrapolated to aircraft noise exposure, because it is not clear that the 
exposure patterns for these different noise sources are comparable. In 
particular, exposure to aircraft noise tends to be substantially more 
intermittent, potentially allowing recovery from NITTS between exposures 
and thus reducing the possibility of NIPTS (Kryter, Ward, M iller, and 
Eldredge, 1966). The protective effect of intermittent exposure against NIPTS 
is suggested by the finding that hearing losses in musicians are not as large as 
suspected (Royster, Royster, and Killion, 1991), perhaps because there are 
usually long intervals between exposures (Axelsson and Lindgren, 1978).

5.1.6 Noise-Induced Hearing Loss (Impairment) and Noise 
Exposure

The rate and degree of NIPTS is related to sound energy dose (the product of 
sound intensity and duration) and Figure 5.2 shows the progression of noise- 
induced hearing loss observed in workers with increasing duration of 
exposure to intense noise levels (Johansson, 1952; see also Abel and 
Haythornthwaite, 1984). The influence of other factors including individual 
differences in vulnerability make prediction of NIPTS (and thus the 
establishment of ''safe" noise levels) difficult. NIPTS is not reliably predicted 
by the perceived loudness of a noise, the discomfort it causes, or the extent 
to which it interferes with human activity.

Several theories have been proposed to predict the NIPTS w ill result from a 
particular noise exposure. According to the Equal Temporary Effects Rule 
"the NIPTS due to long-term, daily, steady-state noise exposure is equal to 
the average NITTS produced by the same daily noise in healthy young ears" 
(Ward, Clorig, and Sklar, 1958, 1959, cited in Berglund and Lindvall, 1995, 
p37). The relationship between temporary and permanent threshold shifts is 
suggested by the finding that "[ajudiograms of persons exhibiting temporary 
hearing loss in laboratory studies tend to be similar to those of persons 
exposed to comparable noise over a period of several years (Nixon and 
Glorig, 1961, cited in Berglund and Lindvall, 1995, p34).

The Equal Energy (or 3dB) Rule proposes that the extent of the NIPTS is 
determined by the total daily "dose" of sound energy (the product of 
intensity and duration). The rule predicts that for each halving of duration a 
3dBA increase in SPL w ill cause equivalent damage (Burns and Robinson, 
1970; Martin, 1976; US EPA, 1974b; Ward and Nelson, 1971). Whilst the 
equal energy rule is thought to provide a good estimate of the accumulated 
physical damage caused by interrupted noise (Burns and Robinson, 1970), it 
may underestimate the damage caused by very intense, short duration, and 
impulsive sounds.

A number of theories, related to the 3dB rule, are thought to provide better 
risk estimation for certain noise exposure patterns. For example, the 4dB 
Rule allegedly provides a more protective risk estimate for high frequency 
sounds (US Air Force, 1989), the 5dB Rule is purported to better compensate 
for intermittent sounds (Walsh-Healey Public Contracts Act, 1969) and the 
6dB Rule is more conservative still. The nomenclature of these rules 
identifies the increase in sound intensity which would produce equivalent 
damage for each halving of duration.
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Figure 5.2 Average hearing loss (dB) as a function of frequency (Hz) for
DIFFERENT DURATIONS OF EXPOSURE (A- LESS THAN 1 YEAR, B- FROM 1 TO 5 
YEARS, C- FROM 6 TO 10 YEARS, D- FROM 11 TO 20 YEARS, E- FROM 21 
TO 30 YEARS, F - MORE THAN 30 YEARS).

Source: Johansson, 1952

On the basis of data available from occupational and community studies 
Berglund and Lindvall (1995) summarise: "Lifetime exposures to 90 dB LAeq 
is judged to cause clearly noise induced hearing loss, but as levels reduce 
below 90 dBA it becomes increasingly difficult to disentangle noise exposure 
from other causes such as ageing. The chances of showing an effect at 80 dB 
LAeq that is statistically significant are very small, although some individuals 
probably are affected, an 8-h continuous equivalent level of 75 dBA might 
be identified as the limit for protection against significant NIPTS." (p39). 
Since maximum intensity in residential airports around commercial airports 
are on average approximately 65-75 dB (Andersson and Lindvall, 1988) 
(though some noise events may be of greater intensity), hearing impairment 
due to aircraft noise exposure alone is unlikely. However, there are factors 
which may potentate the impact of aircraft noise exposure on hearing.
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5.1.7 Moderators of the Effects of Noise on Hearing Loss 
(Impairment)

Characteristics of the Sound

Several parameters of the sound influence the level of risk. In particular peak 
sound pressure, duration, rise and decay times, type of wave form, repetition 
rate, spectrum, and number of impulses (Buchta, 1993; Rice, 1991; Rice and 
Robinson, 1995; Vos, 1990). Hearing is at risk from sounds with SPLs which 
are in excess of 140dB for more than 5ms, regardless of rise time, spectrum, 
or the presence of oscillatory transients. If duration is shorter, peak SPLs up 
to 165dB may be tolerated, but SPLs above 165dB are likely to damage the 
cochlear regardless of duration (Acton, 1967; Burns and Robinson, 1970). 
Whilst noise events seldom reach this intensity in the vicinity of an airport, 
aircraft noise has a low frequency component which may be damaging.

Low Frequency Sound and Infrasound

Low frequency sounds ( less than 200Hz), may present particular risks to 
hearing. NITTS due to low frequency sounds is similar to that of higher- 
frequency sounds, but may take longer to recover than is the case for higher 
frequency sounds (von Gierke and Nixon, 1976). Extreme pressure 
produced by very low frequency sounds may cause aural pain, damage to 
the ear drum and cochlea (von Gierke and Nixon, 1976).

Sounds just below the limit of human hearing (less than 20 Hz) may become 
painful at sound pressure levels as low as 30-40dBA (Berglund and Lindvall, 
1995). Such extremely intense infrasounds may cause a reaction similar to 
the stress reaction (see Section 5.4) and pulsating auditory sensations 
(Berglund and Lindvall, 1995). The whole body vibration which may result 
for infrasound may interact with high noise exposure to produce hearing 
losses (Manninen, 1990, 1993).

Impulsive Sound

Relevant data on the effects of exposure to impulsive noise, mostly from 
studies of gunfire (for example, Coles, Garinther, Hodge, and Rice, 1968) 
but also from a few studies of industrial noise (Ceypek and Kuzniarz, 1974; 
Dieroff, 1961b, 1974), suggests that it poses a particular threat to human 
hearing. Sounds with impulsive content may cause more hearing loss than 
noise without impulses when both have the same LAeq.

Very short exposures are able to harm the cochlea for two main reasons. 
Firstly, because the response time of the aural reflex is of the order of 100- 
300 ms, it does not provide protection against noises which reach dangerous 
levels in a shorter period (Coles et al., 1968; Coles and Rice, 1970). 
Secondly, according to von B^kesy's hydrodynamic theory of hearing, the 
shock waves of very short noise impulses may greatly stimulate the base of 
the cochlea. Thus, NIPTS due to pure impulse noise occurs predominantly 
at high frequencies such that its detection requires testing at 4 kHz
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Interestingly, presentation of impulsive sound with steady-state sound for 30 
minutes resulted in a lower NITTS than the sum of the NITTS resulting from 
the two sources presented alone (Kundi, Weninger, Stidl, and Haider, 1984).

Since, the mode of effect of impulsive noise differs slightly from that of 
steady noise, criteria employed to predict the extent of hearing loss due to 
steady noise, are not appropriate for estimating the risk from impulsive noise. 
For example, support for the application of the equal energy rule (Martin, 
1976; Rice and Martin, 1973) has been undermined by results of more 
recent studies (Neuberger, Schwetz, Raber, Korpert, and Bauer, 1990; 
Schwetz, Raber, Neuberger, Korpert, and Bauer, 1992). The higher risk 
posed by impulsive noise has been accounted for with a "penalty factor” of 2 
to 8 dB, though the appropriate penalty remains uncertain.

Situational Variables

Aircraft noise may cause hearing loss (impairment) if combined with 
exposure to non-aircraft noise or ototoxic agents (agents which damage 
hearing), which occurs relatively frequently.

"The adverse effects of noise on hearing may be enhanced by a variety of 
ototoxic drugs and environmental chemicals. Theoretically, the potential of 
noise-induced hearing loss by chemical agents may mean that noise 
exposures which would otherwise not disrupt hearing may become 
damaging due to the presence of such a co-factor. The practical significance 
of such interaction effects is difficult to assess due to the paucity of dose- 
effect curves in combined exposure studies" (Berglund and Lindvall, 1995, 
p42).

Exposure to Non-Aircraft Noise

It is important that the potential impact of noise exposure from aircraft not be 
considered in isolation. Concurrent exposure to noise from non-aircraft 
sources (for example, occupational, road traffic, aircraft noise, and noise from 
leisure activities) should also be considered for several reasons. Firstly, the 
extent of hearing loss varies as a function of total noise exposure. Secondly, 
it is possible that the effects of aircraft noise are potentiated by additional 
noise exposure. Or, similarly, that exposure to aircraft noise increases the 
probability that exposure to other noise sources w ill impair hearing. For 
example, the ISO (1990) recommendation that the risk of hearing impairment 
is minimal for an equivalent continuous sound level during 8-h work at 80 
dBA, may underestimate the risk due to the assumption of recovery during 
nonworking hours. Kryter (1970) found that only those airport area residents 
with occupational exposure to noise showed hearing deficits at 4000 Hz.

Exposure to Ototoxic Drugs

Several therapeutic agents have significant ototoxic potential and laboratory 
evidence suggests their use may potentate the effects of noise exposure. For 
example, aminoglycoside antibiotics and cis-platin (an anti-tumor agent) may 
produce NIPTS, loop diuretics have been associated with NITTS, and 
chronic, high-dose aspirin (salicylate) therapy most commonly produces 
temporary tinnitus rather than a primary shift in auditory thresholds.
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Combined exposure to sound and aminoglycoside antibiotics in the 
laboratory has been shown to potentate cochlear hair cell loss and resultant 
NIPTS which would be expected for exposure to the source alone (for 
example, Brown, Brummett, Fox, and Bendrick, 1980; Collins, 1988; 
Dodson, Bannister, and Douek, 1982; Vernon, Brown, Meikle, and 
Brummett, 1978).

Potential of cochlear damage and dysfunction has also been reported in 
animals co-administered cis-platin and octave band noise at 85 dB 
continuously for 5 days (Gratton, Salvi, Kamen, and Saunders, 1990).

No data are available on the interactive effects of loop diuretics and noise 
exposure, and evidence for the disruption of auditory function during aspirin 
therapy is inconsistent. Whilst high doses (3.9 grams over two days) have 
been found to potentate NIPTS in humans, lower doses did not produce this 
effect (McFadden and Plattsmier, 1983). Laboratory experiments with non
human animals have not supported interactive effects of noise and aspirin. 
One study comparing chinchillas receiving combined exposure to noise and 
salicylate with those receiving exposure to noise alone detected no 
differences in cochlear structure and function (Salvi, Boettcher, Spongr, and 
Bancroft, 1991).

Exposure to Ototoxic Chemicals

Several agents used in occupational settings, asphyxiants, organic solvents, 
and metals, may be ototoxic. Some of the organic solvents are also used 
within households in glues, stain removers, and paints, and are sometimes 
abused because of their psychopharmacological properties (for example, 
toluene). Chemical asphyxiants which have been shown to disrupt hearing 
in laboratory animals include carbon monoxide, cyanide (Konishi and 
Kelsey, 1968), and phypoxic phypoxia (Nuttall, 1984).

Combined exposure to very high carbon monoxide levels and noise can 
potentate destruction of outer hair cells in the cochlea and NIPTS (Fechter, 
Young, and Carlisle, 1988; Young, Upchurch, Kaufman, and Fechter, 1987). 
This finding is corroborated by the finding from an epidemiological 
investigation that amongst noise exposed workers, smokers had a higher rate 
of hearing loss compared to non-smokers, controlling statistically for age 
(Prince and Matanoski, 1991). Carbon monoxide is one constituent of 
cigarette smoke and smokers have elevated carboxyhemoglobin levels.

Organic solvents known to be ototoxic by themselves include toluene 
(which is in glues and spray paintsMEhyai and Freemon, 1983; Pryor, 
Dickinson, Howd, and Rebert, 1983; Sullivan, Rarey, and Conolly, 1989), 
styrene (Muijser, Hoogendijk, and Hooisma, 1988; Pryor, Rebert, and 
Howd, 1987), carbon disulfide (Rebert, and Becker, 1986; Sulkowski, 1979), 
n-butanol, and trichloroethylene (a dry cleaning agent) (Velazquez, Escobar, 
and Almaraz, 1969). Evidence for an ototoxic interaction between solvents 
and noise is inconsistent. Factory workers exposed to noise and high levels 
of toluene (Morata, Dunn, Kretschmer, Lemasters, and Santos, 1991) or 
carbon disulfide (Morata, 1989) demonstrated greater hearing loss than those 
exposed to ototoxic chemicals alone. Similarly, rats exposed sequentially to 
toluene (1,000 ppm, 16 hours/day for 5 days/week for two weeks) and 
frequency modulated noise of 100 dB LAeq for 10 hours/day for four weeks
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showed greater NIPTS than did rats exposed to noise or toluene separately 
(Johnson, Juntunen, Nylen, Borg, and Hoglund, 1988). In contrast, Fechter 
(1993) found no potential of noise-induced hearing loss among laboratory 
animals acutely exposed to high doses of styrene.

Heavy metals such as lead, arsenic, and mercury (Haider, Kundi, Groll- 
Knapp, and Koller, 1990) have been shown to potentate noise induced 
hearing loss. Because areas with high volumes of road traffic may have high 
concentrations of carbon monoxide and lead in the air, residents in these 
areas may be particularly at risk for noise-induced hearing loss.

Individual Differences and Demographic Variables

Substantial individual differences in susceptibility to noise-induced hearing 
loss have been demonstrated in occupational studies. Workers exposed to 
the same noise environment may demonstrate quite different audiograms, 
with some showing negligible NIPTS.

Individual difference factors which are hypothesised to underlie these 
differences include fatigue of the acoustic reflex, middle and inner ear 
structure, the functional status of the autonomic system, and possibly latent 
vitamin B deficiency (Berglund and Lindvall, 1995). Hearing impairment has 
been found to increase vulnerability to aural pain (Berglund and Lindvall, 
1995). Effects of combinations between noise and head injury and/or ear 
disease have been quantified in multivariate analyses by Neuberger, Korpert, 
Raber, Schwetz, and Bauer (1992).

O f the demographic variables which have been examined, only socio
economic status seems to be related to the risk of hearing loss. Males and 
females have been found to have equal susceptibility to hearing loss 
(Fletcher, 1972). The suggestion that vulnerability to NIPTS (Kryter, 1960) is 
positively related to age has not received clear empirical support (Kup,
1965). Some studies suggest that amongst people of working age there is no 
such relationship (Davis, 1973; Schneider, Mutchler, Hoyle, Ode, and 
Holder, 1970), whereas other studies suggest that there is some support for 
the observation that age and noise exposure can have a synergistic effect 
(Moscicki, Elkins, Baum, and McNamara, 1985).

5.1.8 Complications of Hearing Impairment

Hearing impairment caused by exposure to noise is liable to be accompanied 
by complaints which are often associated with hearing impairment, such as 
tinnitus, loudness recruitment, and paracusis.

Sufferers of hearing impairment often experience tinnitus (ringing in the ears) 
defined as "the illusory sensation of sound not brought about by 
simultaneously applied acoustical signals" (Lutman and Haggard, 1983). The 
sounds which are heard may be caused by blood flow through inner ear 
structures or may be emitted by the inner ear itself. In a field study carried 
out by Tarnopolsky, Watkins and Hand (1980) acute as well as chronic 
tinnitus (ringing in ears) was frequently reported among subjects exposed to 
aircraft noise exceeding 45 NNI compared to subjects exposed to aircraft 
noise up to 45 NNI.
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Sensorineural disorders, particularly noise-induced hearing losses, are often 
associated with loudness recruitment. Rea u it men t refers to an abnormality 
in loudness perception in which the absolute hearing threshold is elevated 
and the rate of growth of loudness with sound intensity is more rapid than 
normal. The shape of the psychophysical function may vary considerably 
between individuals with recruitment (Hallpike, 1967; Hallpike and Hood, 
1959).

Paracusis, or sound distortion, may occur in conjunction with serious losses 
of auditory sensitivity. For example, a sound may be heard as having a pitch 
which is inappropriate for its frequency.

These complications of hearing impairment may further contribute to 
disturbance of voice communication or to other reactions to aircraft noise.

5.1.9 Comments on Recent Sydney A irport Studies

According to Kinhill (1990), international standards state that habitual 
exposure to an eight hour continuous level or 90dBA each day should not 
cause significant hearing damage. However, it is argued that "[t]o protect 
97% of the population from any measurable hearing loss owing to 
continuous exposure would require an LAeq (twenty-four hours) of less than 
70dBA" (Kinhill, 1990 p22.3). This study does not identify that such 
standards are based largely on occupational studies and that because aircraft 
noise is intermittent extrapolation of this risk isuncertain. This application of 
70 dBA is based on long term exposure in adults and so extrapolation to 
children is also uncertain. Nor is it recognised that the risks associated with 
aircraft noise exposure are likely to be increased due to its low frequency 
component and may be increased by concurrent exposure to ototoxic agents 
and/or other environmental noises. However, three studies were cited which 
found no association between exposure to aircraft noise and hearing loss in 
children.

Potential complications of hearing loss, such as tinnitus and recruitment, are 
not addressed in the Proposed Third Runway Sydney (Kingsford Smith) 
Airport Draft Environmental Impact Statement (Kinhill, 1990).

The Senate Select Committee on Aircraft Noise in Sydney (Senate Select 
Committee on Aircraft Noise in Sydney, 1995) reported submissions which 
seem to suggest that Kinhill (1990) underplayed the potential for a negative 
impacts of aircraft noise on aural health. For example, a group of workers 
who had been working in a noise-affected environment for an extended 
period of time reported to the Senate Select Committee that they had begun 
to notice hearing losses since the opening the third runway caused increases 
in noise levels at their workplace. Dr Aline Smith claimed she has 
encountered cases of "tinnitus or ringing in the ears, and chronic ear 
problems made worse” as a result of aircraft noise. The complaints hotline 
and general practice survey run by Doctors Educating About Flyovers (DEAF) 
received reports of tinnitus and other hearing problems. It must be 
acknowledged, however, that these "studies" involved self-selected samples 
of individuals who rang or were in a doctors surgery because of having a 
problem and can not be considered to constitute a representative sample of 
the population. Further, the limitations of self-reported data must also be
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recognised in this context. Reports to the complaints hotline, to the doctor 
or to the Senate Select Committee should be interpreted cautiously since 
dissatisfaction with the change in noise levels may cause such problems to 
be noticed or reported, rather than the increased noise levels causing hearing 
problems. Without appropriate longitudinal studies and control groups it 
cannot be assumed that reported hearing problems are (or are not) caused by 
aircraft noise.

In a submission to the Senate Select Committee, the Australian Medical 
Association commented that the conclusion of the Proposed Third Runway 
Sydney (Kingsford Smith) Airport Draft Environmental Impact Statement 
(Kinhill, 1990) that "[ajuditory effects of noise have been well described but 
are not considered of importance in relation to domestic exposure to aircraft" 
was only supported by one study. However, this study cited three studies 
which found no effect of domestic exposures. Further, on the basis of 
occupational studies of daily continuous eight hour exposure to very high 
noise levels, it seems unlikely that exposure to aircraft noise alone would 
produce hearing deficits. Nonetheless, generalisations from exposure to 
occupational sound to exposure to aircraft sound cannot be made with 
certainty. The Australian Medical Association nominated a study by Ising et 
al. as evidence for aircraft noise induced hearing impairment, but recognise 
that this study examined the effects of exposure to noise from military 
aircraft, which fly much lower and produce much more intense sound on the 
ground than commercial aircraft. The Australian Medical Association did not 
identify whether the observed hearing losses were temporary or permanent. 
The Australian Medical Association also suggested that "noise effects are 
cumulative and there is increasing evidence that young people are suffering 
N IHL [Noise Induced Hearing Loss] at much younger ages than their 
forebears" (Senate Select Committee on Aircraft Noise in Sydney, 1995, 
p145). In relation to this claim it is critical to recognise that it is very difficult 
to disentangle the influence of noise on hearing from the influence of other 
factors such as air pollution, let alone to identify the influence of aircraft 
noise alone. Such naive analyses of the evidence are often misleading.

The Senate Select Committee reported that in a study of 200 hearing- 
impaired and 200 normal-hearing school aged children (Green, Pasternack, 
and Shore, 1982b), a positive, but statistically nonsignificant, association 
between aircraft noise exposure and high frequency hearing loss was found. 
Any effect of aircraft noise on hearing which was not detected with a sample 
of this size, is likely to be a small one, or maybe the result of chance 
differences between the relevant groups, as indicated by statistical non
significance. Alternatively, this result may reflect a genuine effect in a sub
population of greater susceptibility, washed out by the other, unaffected 
subjects.

5.2 Impacts of Sound on Non-Auditory 
Physiological Health

Exposure to noise may result in a variety of biological responses. 
Examination of such effects has mostly been restricted to short-term studies 
on animals and human subjects. However, it has been postulated that if
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provoked continuously such responses would ultimately lead to the 
development of clinically recognisable physical or mental ill health in 
human beings. Furthermore, community studies, some of them longitudinal, 
have supported this hypothesis.

5.2.1 Effects on the Sense of Balance

Noise and the Sense of Balance

Available data suggest that balance problems are only likely to result from 
exposure to aircraft noise for people whose auditory systems are differentially 
sensitive to stimulation.

The ear not only houses the auditory system. It also contains the sense 
organs of the vestibular system, which are responsible for balance. Thus 
nonoptimal stimulation of the vestibular system by high levels of noise may 
disrupt balance equilibrium.

This hypothesis has been insufficiently researched and available data are 
inconsistent. Subjects in the laboratory and in the field have complained of 
nystagmus (involuntary, rapid horizontal eye movements), vertigo (dizziness), 
and balance problems after exposure to very intense level noise (Berglund 
and Lindvall, 1995). However, levels upwards of 130dB were required to 
produce such effects in personnel working on jet engines (Dickson and 
Chadwick, 1955; see also Parker, 1976). Lower SPLs (95-120 dB) may also 
disturb the sense of balance, provided the two ears receive unequal 
stimulation (Harris, 1974; Nixon, Harris and von Gierke, 1966). Such levels 
are unlikely to occur in residential areas around airports.

Noise Moderators

Individuals suffering with unilateral deafferentation (disconnection of nerve 
tissue) of the vestibular system are at increased risk of aircraft-noise-induced 
balance problems.

5.2.2 V isual Effects

Noise and Visual Effects

Data regarding the visual effects of noise are inconsistent, but it seems 
unlikely that aircraft noise is sufficiently intense to influence vision.

Workers exposed to sound pressure levels of 110-124 dB have been found to 
demonstrate a lasting narrowing of the visual field and reduced colour vision 
(Benktt, 1959, 1962). However, the effect of noise on colour perception was 
not observed in later studies (Kitte and Dieroff, 1971).
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5.2.3 Startle Reflex and O rientinc Response

Noise and the Startle and Orienting Responses

Whilst certain noises produce startle, aircraft noise (except for sonic booms) 
is unlikely to do so unless it is feared. It is not known whether ongoing 
repetition of acute startle reflex and orienting reaction has a negative impact 
on human health. However, the startle reflex is one response to noise which 
habituates. Thus, ongoing repetition may not be likely.

Certain noises, especially impulsive noises, may cause a startle reflex 
(Molinie, 1916), which involves contraction of the flexor muscles of the 
limbs and spine and of the orbital muscles (eye blink). Detection of the 
startle reflex and orienting response involves behavioural observation and/or 
electrophysiological measurement of muscle tension/activity (Davis, 
Buchwald, and Frankmann, 1955; Galambos, Rosenberg, and Glorig, 1953).

It is thought that the startle occurs in preparation for avoidance of a 
dangerous situation, the potential of which is signalled by the sound. The 
startle reflex may be followed by an orienting reflex, which causes turning of 
the head and eyes a sudden sound in order to identify its source (Thackray, 
1972), or by a fright reaction. The fright reaction may increase the effects of 
noise on the circulatory system and may cause changes in skin conductance 
via alterations in perspiration (Klosterkotter, 1974; Niveson, 1992).

Startle reactions may result even from low intensity sound, provided the 
sound is sufficiently sudden or somehow indicates danger. Sonic booms can 
elicit startle, which increases with the intensity of the boom (Rylander, 
Sorensen, Andrae, Chatelier, Espmark, Larsson, and Thackray, 1974). For 
meaningless noises orienting responses may be elicited only at the beginning 
of a series of signals. Habituation then occurs, in inverse proportion to 
intensity, and there may be a masking effect of background noise.

Thus, the likelihood of startle to aircraft is extremely limited. The intensity of 
aircraft noise in the vicinity of an airport is not sufficient to sustain 
occurrence of the orienting response. Nor is the onset of aircraft noise 
sudden enough to cause startle. It is, then, only if aircraft noise signals a 
potential danger that it is likely to cause startle. W hilst this may be true for 
individuals who fear the crash of the aircraft, this fear may habituate so that 
repetition of the startle reaction is not sustained. Nonetheless, community 
surveys show that significant numbers of individuals fear aircraft noise of 
aircraft crashes in their area (for example, Hede and Bullen, 1982a).

More sensitive subjects react to noise with greater startle and arousal 
(Stansfeld, 1992; Stansfeld and Shine, 1993)

5.2.4 Fight/Flight and Stress Responses

Noise and the Fight/Flight and Stress Responses

Exposure to sound, particularly unknown or unwanted sound, may evoke a 
number of reflexive responses mediated by the autonomic nervous system,
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which regulates the alternating rhythms of sleep-arousal, endocrine secretion, 
and other functions (Bergamini, Bergamasco, Benna, Covacich, and G illi, 
1976). The fight/flight response involves mechanisms which shunt blood 
from interior organs to skeletal and heart muscle, activate lipid metabolism to 
mobilise energy, and increases in contractility of the heart and fluid retention 
by the kidneys to raise blood pressure. The non-specific stress response, 
which is mediated by the pituitary adrenal-cortical system, involves 
reduction of the inflammatory response, fluid retention by the kidneys, and 
release of free fatty acids as an energy source. Thus, changes in the noise 
environment could activate physiological changes leading to cardiovascular 
effects, such as increased vasoconstriction, blood pressure, heart rate 
(Andr^n, 1982), as well as catecholamine and corticosteroid secretion. The 
lower the frequency of a noise, the more likely it is to provoke a defensive 
reaction (measured using finger pulse amplitude, skin conductance and so 
forth)(Meyer-Falke, Lanzendorfer, and Jansen, 1995).

These responses are generally transient, with the physiological system 
returning to the preexposure state within a short time of sound termination. 
There is not conclusive evidence of habituation of these reflex responses for 
fluctuating noise (for example, Vallet et al., 1983a, 1983b). Greater 
habituation has been observed in the stress response to low frequency 
sounds, with eventual diminution to minimal response (Meyer-Falke et al., 
1995).

However, repetition and persistence of these reactions may result in 
permanent change, such as hypertension and coronary heart disease (Carter, 
Crawford, Kelly and Hunyor, 1993). For example, it has been hypothesised 
that noise may increase resting blood pressure because repeated stimulation 
causes the lumen of peripheral or renal arterioles, and later the large arteries 
or veins, to narrow due to proliferation of smooth muscle cells. Further, 
catecholamines secreted by the adrenal medulla during the stress response 
can cause acceleration of atherosclerosis in the major arteries by increasing 
platelet adhesivesness and low density cholesterol. The corticosteroids 
secreted by the adrenal cortex as part of the non-specific stress response may 
have immunosuppressive effects.

Selye (1956) suggested that stress could have a negative impact on health 
especially if it is chronic, interferes with daily activities or is annoying.

5.2.5 Cardiovascular Effects

The literature on acute and chronic cardiovascular effects of noise in waking 
subjects is examined in this section (see Thompson, 1995, 1996 for a 
review). Cardiovascular effects during sleep are examined in Section 5.3.

Acute Cardiovascular Effects

Laboratory studies of humans and nonhuman animals, show that exposure to 
noise can result in vasoconstriction and increases in blood pressure and heart 
rate (Jansen, 1969; Klein and Grubl, 1969; Kryter, 1985; Lehmann and 
Tamm, 1956) and that these effects are potentiated by the demands of 
concurrently performed tasks (Carter and Beh, 1989; Hanson, Sceellekens, 
Veldman, and Mulder, 1993). However, some studies report findings which
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are inconsistent with these (Etholm and Egenberg, 1964; Klein and Grubl, 
1969). The clinical significance of these effects is unclear, but cannot be 
dismissed.

Vasoconstriction

Community and laboratory studies suggest that exposure to noise at 
intensities typical of aircraft noise is sufficient to produce peripheral 
vasoconstriction.

Peripheral vasoconstriction generally refers to precapillary vasoconstriction at 
the finger tips in studies examining the effects of noise exposure. It is 
measured in terms of percentage reduction in mean blood volume (BV) or 
size of blood volume changes (pulse volume or PV).

Community exposure to aircraft noise at 70 dBA has been found to produce 
vasoconstriction at the finger tips in children (Hunter, 1971; cited in Carter et 
al, 1993). The response was greater in children with reading difficulties than 
in normal children.

Laboratory studies reveal acute vasoconstriction during exposure to 
meaningless noise at levels as low as 60-70 dB (Davis et al., 1955; Kryter and 
Poza, 1980), with the response occurring within several seconds of noise 
onset. For example, Griefahn et al (1991; cited in Carter et al, 1993) report 
that subjects exposed to forty-nine 62-80dBA impulsive noises each lasting 
19 seconds experienced strong vasoconstriction, which was linearly related 
to maximum levels. The intensity of the response to bursts of pink noise 
increased with maximum level, bandwidth and centre frequency of the noise 
from 250 to 4,000 Hz, and was greater for lower rise times (Osada,1991; 
cited in Carter et al, 1993). However, studies which employ impulsive noise 
may not be directly applicable to aircraft noise.

Data suggest that partial habituation may occur to some stimuli, although the 
response did not habituate to short bursts of noise (Jansen, 1969). 
Fruhstorfer and Hensel (1980) found no habituation to daily 12-second 
bursts of 100 dBA white noise presented at five minute intervals, whereas 
Ginsberg and Furedy (1974) reported habituation to short bursts of pure 
tones at 80 dB. Thus, the occurrence of habituation may depend on sound 
level and bandwidth.

Examination of individual differences in responsivity of noise-induced 
vasoconstriction has been restricted to the discovery that Type A and Type B 
personalities differ in this respect (Hunter, 1971; Ickes et al., 1979; both 
cited in Carter et al, 1993)

Available data is insufficient to assess whether noise-induced 
vasoconstriction persists or whether its frequent repetition has long-term 
effects, such as blood pressure elevation. Peripheral vasoconstriction is 
controlled by the sympathetic nervous system. However, its correlation with 
vasoconstriction at other sites responsive to the sympathetic nervous system, 
such as renal arterioles, is unknown. Whilst Griefahn et al. (1991) report that 
vasoconstriction was accompanied by a moderate but significant acceleration 
of heart rate, vasoconstriction has also been observed in the absence of a 
change in heart rate or blood pressure.
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Elevations in Blood Pressure

Although evidence from numerous laboratory studies suggests that exposure 
to noise produces acute elevations in blood pressure, especially during 
simultaneous task performance, extrapolation to aircraft noise exposure is 
tenuous.

Laboratory studies examining the effects of noise on the diastolic blood 
pressure of subjects at rest, carrying out a simple intellectual task, or 
engaging in very light exercise, have detected noise-induced increases in 
blood pressure relatively consistently. Increases in diastolic blood pressure 
have been reported at noise exposures below 85 dBA (Andrgn, Hansson, 
Bjorkman, and Jonsson 1980; Andrgn, Hansson, Bjorkman, Jonsson, and 
Borg, 1979; Mosskov and Ettema, 1977a, 1977b; Pulles, Biesiot, and 
Stewart, 1990; Rbvekamp, 1983, Study I; Von Eiff et al., 1981), and above 
90dBA (Andrbn, Hanson and Bjorkman, 1981; Andr^n Lindstedt, Bjbrkman, 
Borg, and Hansson, 1982; Cartwright and Thompson, 1975; Lehmann, 1955, 
1959; Lehmann and Tamm, 1956; Michalak, Ising and Rebentisch, 1990; 
Van Dijk, Souman and De Vries, 1983). Diastolic blood pressure elevations 
have been found following exposure for less than 30 minutes (Andrgn et al., 
1979, 1980, 1982; Michalak, et al., 1990; Mosskov and Ettema, 1977a; Von 
Eiff et al., 1981) and following longer exposure periods (Cartwright and 
Thompson, 1975; Lehmann and Tamm, 1956; Mosskov and Ettema, 1977a; 
Van Dijk, et al., 1983). In contrast, Etholm and Egenberg (1964) observed 
no change in pulmonary artery pressure in ten subjects to 90dB white noise 
for 29 min. However their sample may not have been large enough to detect 
an effect or may not have included relevantly sensitive individuals. 
Arguelles, Martinez, Pucciarelli, and Disisto (1970) found that amongst 
subjects exposed to a 90 dB 2.0 kHz tone for 30 minutes only hypertensives 
showed increases in blood pressure. Similarly, Ising (1983) found that 
amongst individuals exposed to recorded traffic noise played back at 60- 
65dB LAmax for up to 12 hours, some demonstrated blood pressure 
elevation while others demonstrated decreases in blood pressure. "In 
regression analysis, poor general condition and pain were associated with 
decreased blood pressure whereas a hypertensive disposition was associated 
with increased blood pressure” (Berglund and Lindvall, 1995, p70). It 
should be noted that these studies do not speak to the causal question; it is 
not clear whether already hypertensive types react in this way to noise, or 
whether reacting in this way to noise combined with noise exposure creates 
hypertensive types, or whether neither of these accounts is accurate.

Findings regarding the effects of noise on systolic blood pressure have been 
less consistent than findings regarding diastolic blood pressure. Whilst 
several studies have reported an increase in systolic blood pressure (Michalak 
et al., 1990; Rovekamp, 1983, study I; Von Eiff et al., 1981), others have 
reported a decrease (Cartwright and Thompson, 1975; Ponomarenko, 1966; 
Terentyev, Sheludyekov, and Sciridova, 1969) and others no change (Andrbn 
et al., 1979, 1980, 1982; Mosskov and Ettema, 1977b; Rbvekamp, 1983, 
study II; Van Dijk et al., 1983).

Exposure to noise has also been observed to produce increases in mean 
blood pressure (Andren et al., 1979, 1980, 1981, 1982; Van Dijk et al.,
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1983), and decreases in pulse pressure during noise exposure (Lehmann and 
Tamm, 1956; Mosskovand Ettema, 1977a, 1977b; Ponomarenko, 1966).

Laboratory studies of subjects engaged in physical work suggest that noise 
causes very small noise-induced elevation of blood pressure (Van Dijk et al., 
1983). In contrast, Sanden and Axelsson (1981) found no effects of noise on 
blood pressure. However, the work the subject was required to perform was 
more demanding and noise effects may have been masked by cardiovascular 
response to increased tissue demands.

Results of laboratory studies in which subjects were to carry out more 
complex intellectual tasks during noise exposure generally provide evidence 
of noise-induced elevations in blood pressure. Increased diastolic blood 
pressure was observed in young adults carrying out a vigilance task 
accompanied by bursts of narrow band noise at 92 dBA separated by one 
minute, on average (Carter and Beh, 1989). Taffala, Evans and Chen (1988) 
found additional increases in both diastolic and systolic blood pressure 
associated with a mental arithmetic task, when subjects were exposed to 
intermittent noise and instructed to put maximum effort into the task. 
Similarly, Hanson et al (1993) report that exposure to noise had a significant 
effect on systolic blood pressure during the performance of effortful tasks, 
and suggest that individuals alter their state to maintain performance. Ray, 
Brady and Emurian (1984) found that 10 minutes of 93 dBA intermittent pink 
noise caused an increase in mean blood pressure beyond that associated 
with performing a battery of computer controlled tasks. However, Linden 
(1987) found no increase in blood pressure with 5-minute exposure to 
continuous noise during performance of mental arithmetic. Thus, most 
studies report a significant effect. This combined effect has important 
potential implications for noise exposure during learning and study (see 
Section 5.3.3).

Laboratory studies of animals have also revealed that acute exposure to 
intense noise can cause a persistent increase in blood pressure (for example, 
Rosencrans, Watzman and Buckley, 1966). However, absence of noise has 
also been shown to cause hypertension in rats (Lockett and Marwood, 1973) 
and lifetime exposure has failed to reveal any effects on blood pressure in 
rats (Borg and Moller, 1978).

Given the paucity of studies of aircraft noise, either in the laboratory or in the 
field, the conclusion that exposure to aircraft noise may cause elevation in 
blood pressure levels can be drawn tentatively.

Elevations in Heart Rate

Evidence regarding the impact of noise exposure on acute heart rate 
elevations is somewhat inconsistent. Whether heart rate is accelerated seems 
to depend on the pattern of noise exposure, individual differences and 
whether a task is performed concurrently.

A community study of children exposed to aircraft noise at about 70 dBA 
while carrying out a reaction time task revealed an increase in heart rate 
(Hunter, 1971).
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However, most laboratory studies have found no effect of noise on heart rate 
despite the wide range of noise types, levels and durations examined 
(Andrgn et al., 1979, 1980; Cartwright and Thompson, 1975; di Cantogno, 
Dallerba, Teagno and Cocola, 1976; Etholm and Egenberg, 1964; Finkelman, 
Zeitlin, Romoff, Friend, and Brown, 1979; Kryter and Poza, 1980; cited in 
Carter et al, 1993; Lehmann and Tamm, 1956; Mosskov and Ettema, 1977b; 
Ponomarenko, 1966; Sanden and Axelsson, 1981; Van Dijk, et al., 1983). 
For example, Etholm and Egenberg (1964) found no change in heart rate in 
subjects exposed to 90dB white noise for 29 minutes. In contrast, Criefahn 
et al. (1991) detected a moderate but significant acceleration of heart rate in 
subjects exposed to 49 impulsive noise of 19 second duration at 62-80 dBA. 
Klein and Griibl (1969) found both increases and decreases in heart rate with 
a ten second exposure to 92-96 dB noise, using a sample of 40 subjects (see 
also Rdvekamp, 1983).

Results have also varied when subjects were to perform more demanding or 
prolonged intellectual tasks during exposure. Ray et al. (1984) reported no 
effect, whereas increased heart rate was associated with varying noise 
(Linden, 1987) and unpredictable bursts of narrow band noise during a 
vigilance task (Carter and Beh, 1989). Hanson et al. (1993) also detected 
significant heart rate acceleration as a result of exposure to noise during the 
performance of effortful tasks.

W hilst one community study provides evidence for aircraft-noise-induced 
heart rate elevations, most laboratory studies demonstrate effects of noise on 
heart rate only if effortful tasks are being performed during the noise 
exposure. This difference may be partially due to more negative reaction to 
community than to laboratory noise. Negative reactions may mediate the 
stress response. Generally, it has been concluded that any increase in heart 
rate which does result from aircraft noise exposure is so small as not to pose 
any long-term threat (Berglund and Lindvall, 1995).

Cardiac Output, Stroke Volume and Sinus Arrhythmia

Laboratory studies, which have examined the effects of noise exposure on 
cardiac output, stroke volume and cardiac arrhythmia have produced 
inconsistent findings. Further, the relevance to aircraft noise in the 
community is dubious.

W hilst exposure to meaningless noise has been found to produce a reduction 
in cardiac output (Andren et al., 1979, 1980; Jansen, 1969; Lehmann, 1955, 
1959; Lehmann and Tamm, 1956), failure to detect any change in cardiac 
output or stroke volume in subjects exposed to 90dB white noise for 29 
minutes has also been reported (Etholm and Egenberg, 1964). However the 
sample size of the later study may have been insufficient. Carter and Beh 
(1989) found that exposure to intermittent noise during vigilance task 
performance in the laboratory resulted in reduction of the 0.1 Hz component 
of sinus arrhythmia, indicating distress.

Chronic Cardiovascular Effects

Studies examining chronic cardiovascular effects have mainly used small, 
selective samples, not controlled for other relevant risk factors (for example, 
age, alcohol and tobacco use, body mass index, family history) and paid
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inadequate attention to dimensions of the noise other than its sound pressure 
level (for example, frequency spectrum). It may be instructive to consider 
whether factors such as alcohol and tobacco are influenced by noise 
exposure, such that they may operate as mediators as well as confounders.

Vasoconstriction

One community study has considered the effects of long term exposure to 
aircraft noise on the extent of vasoconstriction which occurs in response to 
an acute exposure to noise. Residents in high noise areas showed no greater 
vasoconstriction than those in low noise areas (Deutsche 
Forschunsgemeinschaft, 1974).

In contrast, occupational studies in a variety of industries have provided 
evidence of increased vasoconstriction in workers having experienced long
term exposure to continuous noise in excess of 85 dBA. However, these 
studies were poorly controlled for the effects of a variety of other risk factors 
for vasoconstriction (see Berglund and Lindvall, 1995).

Elevations in Blood Pressure

A review of the few available community studies suggests a weak to 
moderate effect of aircraft noise on blood pressure in both children and 
adults. Findings from occupational and laboratory studies corroborate this 
conclusion.

In a study of 262 children attending school around Los Angeles Airport, 
Cohen, Evans, Stokols, and Krantz (1986) found blood pressure to be 
significantly higher in children attending noise affected schools than in 
children attending quiet schools. Differences were greatest during the first 
two years of aircraft noise exposure but persisted in attenuated form 
thereafter. However, the longitudinal data may have been distorted by high 
attrition rate. Interestingly, the children who did not return at the noisy 
school were primarily from families with a history of hypertension, raising 
the possibility that hypertensive effects were underestimated. Similarly, 
blood pressure elevations in children have been associated with exposure to 
intense (above 115 dBA) noise in the vicinity of military aircraft installations 
(see Ising et al, 1980; cited in Carter et al, 1993). Nine to 13 year old girls 
living within an intense noise zone demonstrated increases in systolic and 
diastolic blood pressure, as did boys when hereditary predisposition to 
hypertension was controlled. However, boys living in another district with 
comparable levels of aircraft noise did not display this effect.

Studies addressing the relationship between aircraft noise exposure and 
hypertension in adults have produced inconsistent but suggestive findings. 
No relationship was detected by Pulles et al. (1990) however no statistical 
details were reported. In contrast, Knipschild and coworkers (Knipschild, 
1977a, 1977b; Knipschild and Oudshoorn, 1977) reported that residents in 
the vicinity of (Amsterdam) Schiphol Airport demonstrated a higher blood 
pressure than residents in a low noise area, with the data suggesting a 
possible dose-response relationship (see also Karagodina, Soldatkina, 
Vinokur, and Klimukhin, 1969). However, a low response rate 
(approximately 42%) and the probable failure to control for body weight, 
smoking or socio-economic status undermine confidence in this conclusion.
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A follow up found that a change from low to high noise exposure caused an 
increase in the purchase of antihypertensive medication. In the quiet control 
community medication use remained stable. Based on such data Knipschild 
(1978) concluded that noise exposure levels of 65-75 dB L*«q were sufficient 
to produce blood pressure elevation.

Cross-sectional community studies of traffic noise have shown only weak 
associations of traffic noise with hypertension. For example, Otten, Schulte, 
and von Eiff, 1990) found that individuals living in a noisy area (63-78dB 
L W  had a similar mean blood pressure to those living in a less noisy area 
(Leq less than 55dBA) despite rating the noise as less tolerable. Use of 
antihypertensive medication was associated with perceived tolerability rather 
than blood pressure. In the Caerphilly and Speedwell Heart Disease Studies 
(Babisch and Gallacher, 1990; Babisch, Elwood, and Ising, 1993; Babisch, 
Gallacher, Elwood, and Ising, 1988) association of traffic noise and blood 
pressure was found to be stronger in subjects with exposure to workplace 
noise, supporting the contention that the effects of a specific noise source 
cannot be regarded in isolation.

Occupational studies in a variety of industries have provided evidence of 
increased blood pressure. However, recent studies which have included 
adequate controls for risk factors such as smoking, fat consumption and 
family history, have shown only a weak correlation of blood pressure with 
noise exposure. These studies have used exposure times varying from 1 to 
30 years, often in the face of the claim that a minimum of 20 years is 
necessary before the relationship of noise exposure to blood pressure would 
become apparent. However, other researchers have suggested that effects on 
blood pressure would be discernible after five years (Berglund and Lindvall, 
1995). W hilst Theorell (1990) reported that noise-induced elevation of 
blood pressure occurred mainly among workers with a family history of 
hypertension, Zhao, Zhang, Selin, and Spear (1991) found a dose-response 
relationship between noise exposure (levels ranged from 75-104 dBA) and 
hypertension, even when family history was statistically controlled. 
Amendments for age, working years, salt intake, and family history were also 
made in a multiple logistic regression. The odds of hypertension were found 
to increase by 1.2 for each 5dBA increase. Although the sample was large 
(N >1,000) it was restricted to women, who may have a higher susceptibility 
to high blood pressure. Talbott et al. (1996) report a study of male workers 
in which noise exposure was significantly related both to diastolic and to 
systolic blood pressure in multiple regression analyses in which age, body 
mass index, alcohol consumption (drinks/week), current hypertension, and 
use of hearing protection were also entered.

Animal studies support the contention that extended exposure to noise can 
lead to increases in blood pressure. In a study which is supposed to be most 
applicable to humans (Peterson, Augenstein, Tanis, and Augenstein, 1981; 
see also Peterson, 1984) exposed rhesus monkeys to 85-90 dB work place 
noise over periods of up to nine months. Compared to controls, exposed 
animals showed increases in systolic and diastolic blood pressure of 23-28% 
and changes in the diurnal rhythm of the blood pressure that persisted for a 
month after exposure ceased. These levels of exposure were insufficient to 
produce hearing loss. In later studies, these researchers have found that daily
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exposure is related to the magnitude of blood pressure elevation (see 
Berglund and Lindvall, 1995).

Elevations in Heart Rate

It has been shown that the heart response to noise exposure varies with noise 
source, being stronger for traffic noise than pile-driver noise, gunfire and 
intermittent pink noise (Parrot, Petiot, Lobreau, and Smolik, 1992). The only 
study of aircraft noise uncovered (Deutsche Forschunsgemeinschaft, 1974) 
demonstrated no effect of exposure to aircraft noise, however other evidence 
suggests the possibility that it could lead to elevations in blood pressure.

Residents in high noise areas showed no greater elevation in heart rate or 
muscular activity in response to the same acute test noise exposure than 
those in low noise areas (Deutsche Forschunsgemeinschaft, 1974). 
However, this result indicates only that any effect of noise on heart rate does 
not increase or decrease with chronic noise exposure. Alternatively, any 
habituation in this response in the home does not generalise to the test 
setting.

Several occupational studies have shown long-term exposure to continuous 
noise in excess of 85 dBA to be associated with elevated heart rate, though 
other risk factors for heart rate elevation have often been poorly controlled 
(see Berglund and Lindvall, 1995).

Experiments with primates (rhesus monkeys), demonstrate that exposure to 
85-90 dB noise over periods of up to 9 months can result in changes of the 
diurnal rhythm of the heart rate and "pauses” in heart beat (Peterson et al., 
1981, 1984).

General Cardiovascular Health

The impact of exposure to aircraft noise on general cardiovascular health has 
been neglected in favour of studies of specific outcomes such as 
vasoconstriction, blood pressure and heart rate, but community studies of 
traffic noise and occupational studies suggest that there is a weak negative 
impact of noise exposure on cardiovascular health.

A general practice survey (Knipschild, 1977a) examined the association 
between noise exposure and contact with a general practitioner for 
cardiovascular complaints. A contact rate of 9%  was found in a high noise 
area compared to 6%  in an intermediate area and 5% in a low noise area. 
On the basis of these data, Knipschild (1977a) inferred a dose-response 
relationship. However, the results may have been biased by a failure to 
control for differences in socio-economic status, access to general practice 
services, or diagnostic criteria employed by various general practitioners, 
either statistically or by subject selection. In a community survey of 
cardiovascular health (Knipschild, 1977b) exposure to high level aircraft 
noise was associated with pathological heart shape, cardiovascular drug use, 
and medical treatment for heart problems. Knipschild regarded these data as 
strong suggestive evidence that aircraft noise is a causal factor in cases of 
cardiovascular disease. This conclusion must be viewed sceptically because 
bias may have been introduced by the low response rate and by failure to
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adjust for potential confounders such as smoking, socio-economic status and 
body weight.

Potential confounding also undermines mortality studies which report 
increased risk of mortality from stroke (Meecham and Shaw, 1979), from 
arteriosclerosis and from heart disease in general (Environmental Impact 
Statements, 1979) as a result of exposure to aircraft noise. Age, sex and 
socio-economic status - each an important risk factor for the outcomes of 
interest - are not adjusted for in these studies.

The large (N>  6,000) and prospective Caerphilly and Speedwell Heart 
Disease Studies (Babisch and Gallacher, 1990; Babisch et al., 1993; Babisch 
et al., 1988) involved initial assessment of risk factors of ischemic heart 
disease and measurement of 6 to 22 hour Leq traffic noise exposures at each 
subject's residence. W ith only 5-10% of subjects exposed to noise 
exposures which were likely to be clinically significant, no dose-response 
relationship found using 5dB intervals. Relative risk for Ischemic Heart 
Disease of low (<60 dB) versus high (66-70 dB) noise exposure was only 
1.1. Because the sample in these studies was comprised only of men, the 
results may only be considered relevant to men.

The Berlin traffic noise case-control community study (Babisch, issing, 
Kruppa, and Wiens, 1994; Ising, Babisch, Kruppa, Lindthammer, and Wiens, 
1996) examined the influence of traffic noise on the risk of myocardial 
infarction. "Cases" were men who were successfully treated Berlin hospitals 
for acute nyocardial infarction and controls were matched for age and 
gender, but not socio-economic status (which was statistically controlled). 
Subjects were interviewed about potential confounding variables and 
subjective work noise. Initial analysis revealed a barely significant increase 
in risk in the most highly noise exposed group (Babisch et al., 1994).

Long term exposure to continuous workplace noise is associated with a 
higher incidence of circulatory problems/beat irregularities (Jansen, 1962). 
However, again confounding factors cannot be ruled out. Ising et al. (1996) 
reanalysed data from the Berlin traffic noise study using subjective work 
noise as the exposure variable controlling for potential confounding variables 
(current smoking, body mass index, age, socio-economic status, education, 
marital status, residential area, shift work). Work noise was rated as being 
comparable to the noise from 1) a refrigerator, 2) a typewriter, 3) an electric 
lawnmower, 4) an electric drill, or 5) a pneumatic drill. Because the relative 
risks of myocardial infarction were virtually identical for the first two classes 
of work noise these were combined. The risk of myocardial infarction was 
found to increase significantly and monotonously with class of subjective 
work noise exposure. However, the nature of this relationship should be 
interpreted cautiously given the unusual rating scale used. The authors 
concluded that with social class controlled, 27% of all myocardial infarctions 
in the source population were attributable to subjective work noise, making 
this variable the second most important risk factor after smoking. It is 
important that the observed relationships are for perceived, rather than actual 
noise exposure, raising the possibility that the observed effect is mediated by 
a psychological mechanism.
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Moderators of the Effects of Noise on Cardiovascular Function

The extent of the cardiovascular response to noise exposure may be 
moderated by a range of factors besides sound pressure level, which has 
been shown to predict blood pressure change only for subgroups of workers 
(Aro, 1984). It has been shown that a combination of noise and other factors 
may have more of an effect on physiological functions than noise itself 
{Manninen, 1983).

For example, noise-induced elevations in blood pressure may depend 
critically on the rate of onset of the noise. Rovekamp (1983, study I) found 
that synthetic impulse noise produced greater increases in blood pressure 
than aircraft, traffic and railway noise. Rise time was also found to be an 
important factor in blood pressure response of elderly people to the noise of 
low-flying military aircraft (Michalak et al., 1990).

Blood pressure responses to noise may be influenced by age. Subjects in 
studies showing increased diastolic blood pressure have tended to be young. 
However, subjects of the three studies in which noise-induced increases in 
systolic blood pressure were observed spanned a wider age range or were 
older. Thus, Rovekamp (1983, Study I) employed eight people between 20 
and 30 years old and seven people between 40 to 66 years old, as "normal" 
subjects. Subjects used by Von Eiff et al. (1981) ranged from 20 to 59 years 
old, and Michalak et.al. (1990) employed only elderly subjects.

Several studies have shown greater cardiovascular response to noise 
(including aircraft noise) in women (Berglund and Lindvall, 1995).

individual differences in susceptibility to cardiovascular reactions to noise 
may have some genetic basis (or basis in shared environmental conditions- 
such as attitudes, diet and so forth). Amongst individuals with normal blood 
pressure, those having at least one hypertonic family member demonstrate a 
greater elevation in both diastolic and systolic blood pressure when exposed 
to noise than those without a family history of hypertension (Theorell, 1990; 
von Eiff et al., 1981).

Cardiovascular response to noise may also be moderated by noise sensitivity. 
Subjects who describe themselves as noise-sensitive (feel threatened by 
noise, were influenced physically or mentally in a serious way, or were 
annoyed, aggressive or rebellious) react with larger increases in 
vasoconstriction, blood pressure and heart rate than their 'norm al' 
counterparts when exposed to noise from road traffic, aircraft, impulse noise 
and railway noise at 75 dB LA*q while carrying out a simple task (Rovekamp, 
1983; see also Stansfeld, 1992). However, Ohrstrom et al. (1988) found no 
significant correlations between measures of discomfort thresholds for noise, 
heat, cold and light and heart rate reaction to noise, suggesting that there was 
no general factor of physiological sensitivity in these data.

Psychophysiological responses to noise have also been found to increase if 
the noise is perceived as uncontrollable (Babisch, Frommer Beyer, and Ising, 
1996; Lundberg and Frankenhaeuser, 1978).
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Melamed, Harari and Green (1993) found that Type A behaviour was related 
to increases in diastolic blood pressure and heart rate in workers exposed to 
sound pressure levels greater than 80 dBA (see also Di Nisi and Muzet,
1989). Type A and Type B personalities also differ in responsivity of noise- 
induced vasoconstriction (Ickes et al, 1979; Hunter, 1971; both cited in 
Carter et al, 1993), although it should be noted that the underlying critical 
factors of Type A personality have transpired not to be those initially 
described.

The physiological bases for differential reactivity have not yet been 
elucidated.

Indirect Effects of Noise on Cardiovascular Function

The physiological responses to noise may be mediated by mechanisms other 
than the direct effect of repeated or sustained elicitation of the stress 
response described above.

Evidence suggests that noise-induced stress increases the excretion of 
magnesium, potentially causing serum magnesium deficiency (particularly in 
individuals with insufficient dietary magnesium intake)(Altura, 1979; 
Dyckner and Wester, 1983; Ising, 1981), and associated vasoconstriction, 
vasospasm and ischemia. In turn, these complaints may result in 
hypertension and coronary heart disease. Indeed the concentration of 
intracellular magnesium has been found to correlate negatively with long
term increases in blood pressure (Ising, Bertschat, Ibe, Stoboy, Goossen, and 
Hengst, 1986; Ising, Havestadt, and Neus, 1985), supporting recent data that 
serum magnesium deficiency can potentate the effects of chronic noise 
exposure on blood pressure (Altura, 1991, 1993) and in combination with 
noise exposure has been found to lead to changes in cardiac structure in 
animals (Gunther et al., 1978).

Noise-induced changes in serum concentrations of cholesterol and 
triglycerides [may also contribute to increased risk of cardiovascular illness 
(Ising et al., 1996).

The disturbance and dissatisfaction created by noise exposure in daily life 
may mediate the stress response. For example, frustration caused by not 
being able to sleep may produce and increase in blood pressure. Consistent 
with this hypothesis, Ising and Rebentisch (1993b) reported that subjects 
experiencing noise-induced sleep disturbances, were more likely to suffer 
angina pectoris (relative risk: 1.86) and hypertension (relative risk: 2.32) than 
those not reporting disturbances. Peripheral vasoconstriction following 
naturalistic exposure to community noise has been found to be greater in 
children with reading difficulties than in normal children (Hunter, 1971 ;cited 
in Carter et al, 1993). Noise reaction has been related to blood pressure (in 
adults: Lercher and Kofler, 1993; in children: Schmeck and Poustka, 1993). 
Self-reported annoyance has been found to be associated with hypertension 
for moderate but not high traffic noise levels in a cross-sectional 
epidemiological study (Neus, Ruddel and Schulte, 1983), though 
hypertension was not related with noise exposure itself. However, the 
suggested causal connection is not definitively established by this research.
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Comments from Recent Sydney Airport Studies

According to Kinhill (1990) the findings relating to the impact of aircraft 
noise on blood pressure elevations are inconsistent. However, they cite only 
three studies in relation to this claim and do not indicate whether these 
studies examined aircraft noise nor whether the cardiovascular effects 
considered were acute or chronic. Kryter's (1985) finding that exposure to 
traffic noise is correlated with blood pressure in children is cited later. 
Cardiovascular effects other than blood pressure elevations were not 
considered. The review of the relevant literature above indicates that a very 
extensive body of data is at least suggestive of some impact of aircraft noise 
on cardiovascular effects including vasoconstriction, elevations in diastolic 
and systolic blood pressure, elevations in heart rate and general 
cardiovascular health. Evidence is available for both acute and chronic 
effects.

The Report of the Senate Select Committee on Aircraft Noise in Sydney 
(Senate Select Committee on Aircraft Noise in Sydney, 1995) suggests that 
some submissions are consistent with an impact of aircraft noise on 
cardiovascular health. For example, DEAF report that many respondents 
have complained of a negative impact of noise on blood pressure. However, 
the methodological difficulties with the DEAF "studies", which were 
mentioned earlier, render these findings to be of little value. Reference is 
made in the report to Knipschild's (1977) finding that amongst residents near 
(Amsterdam) Schiphol Airport, those in high noise areas were more likely to 
be undergoing treatment for heart trouble and hypertension. The study of 
schoolchildren performed by Cohen et al. (1986) is also cited, however the 
claim that a "follow-up study of the same schools failed to yield longitudinal 
blood pressure effects due to the high percentage of children with blood 
pressure leaving the noisy schools" is dubious. It is not certain that biased 
attrition was the only cause of a failure to find a longitudinal effect. Further, 
it was children with a family history of hypertension, rather than children 
with high blood pressure themselves, who left the high noise schools.

5.2.6 PSYCHOENDOCRINE AND IMMUNOLOGICAL EFFECTS

Noise exposure may produce psychoendocrine and immunological effects 
associated with the fight/flight and stress responses.

Psychoendocrine Effects

Very few community studies have examined the impact of noise exposure on 
the psychoendocrine system, however laboratory studies in animals and 
humans have found short-term noise exposure to lead to supranorma! levels 
of endocrine hormones, such as catecholamines (including adrenaline and 
noradrenaline) and cortisol (for example, Cantrell, 1974; Carter, Crawford, 
Kelly, and Hunyor, 1993; Cavatorta, et al., 1987; Welch and Welch, 1970). 
Elevation of psychoendocrine activity may have adverse health 
consequences.
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Noise and Catecholamines

Secretion of catecholamines, principally adrenaline and noradrenaline, 
reflects sympathetic nervous system activity. Thus, catecholamines are 
thought to be involved with stress/anxiety, mediating cardiovascular effects 
including elevation of heart rate and blood pressure. Thus, increased 
catecholamine levels may underlie noise-induced increases in heart rate and 
blood pressure and sustained elevations may cause damage to arterial 
linings, cardiac arrhythmias, platelet aggregation, and increased lipid 
metabolism may occur.

One recent cross-sectional community study of the impact of aircraft noise 
on psychoendocrine function in children (Evans, Hygge, and Bullinger, 
1995; Hygge, Evans, and Bullinger, 1993) detected significantly higher levels 
of overnight urinary adrenaline and noradrenaline in children chronically 
exposed to aircraft noise than in a control group (matched on relevant socio
economic variables).

Ising (1983) reported increased urinary noradrenaline excretion in policemen 
exposed to 60 dB LAeq of recorded traffic noise in the field. In an 
experimental study carried out in the workplace, Levi (1966) found no effect 
of noise at work on excretion of catecholamines.

Laboratory studies indicate that exposure to noise can produce elevated 
levels of catecholamines under certain conditions. No effect of noise on 
catecholamine solution was found by Follenius, Brandenberger, Lecornu, 
Simeoni, and Reinherdt, (1980), using regular intermittent pink noise at 90 
dBA and 30-second on/off periods, or by Andr£n et al. (1979, 1980, 1982). 
However, subjects exposed to a 90 dB 2.0 kHz tone for 30 minutes 
demonstrated elevated levels of adrenaline and noradrenaline (Arguelles et 
al., 1970). Only hypertensives showed concomitant increases in blood 
pressure, di Cantogno et al. (1976) found that amongst subjects exposed to 
continuous road traffic noise at 70 dB Lam, for 10 minutes, urinary 
catecholamine levels were elevated only in one group, labelled 
dysmetabolics. Osada et al. (1972) observed increased urinary excretions of 
noradrenaline after exposure for two or six hours for several days to noise 
levels of 40, 50, and 60 dBA (see also Slob, W ink, and Radder, 1973). Ising 
et al (1980; cited in Carter et al, 1993) found that noise enhanced secretion 
of adrenaline and noradrenalin, but only when subjects performed an 
unfamiliar task concurrently. Elevated catecholamine levels are also 
observed in the laboratory when subjects perform cognitive tasks during 
noise exposure (Arvidsson and Lindvall, 1978; Frankenhaeuser and 
Lundberg, 1977; Lundberg and Frankenhaeuser, 1978), and appear to result 
from effort to maintain optimum task performance under noise. 
Brandenberger, Follenius, Wittersheim, and Salame (1980) also found a task 
effect not added to by noise.

Animal studies have revealed increased urinary excretion of adrenaline as an 
after-response to noise (Ogle and Lockett, 1968).

Pace 5-32 PPK Environment & Infrastructure Pty Ltd



Potential Noise Impacts - Chapter 5

Pituitary Adrenal-Cortical Hormones

Hyperactivity of the pituitary adrenal-cortical system is involved in the stress 
response (Selye, 1956). Cortisol, an adrenal hormone, is involved in the 
operation of the immune system. Cortisol elevations may result in 
suppressed immune function (Ader and Cohen, 1993).

Human (laboratory) studies of psychoendocrine effects of noise exposure 
have revealed increased plasma and urinary corticoids, urinary 17-ketogenic 
steroids and 17-ketosteroids in normal and psychiatric subjects exposed to 
sounds at 63 or 93 dB for one hour (Arguelles, Ottone, and Chekherdemian, 
1962; but see Arguelles et al., 1970). Levels of leukocytes, eosinophils, and 
basophils, as well as in urinary 17-hydroxycorticosteroid have been found to 
change after exposure twice a day for 30 min to noise levels of 55, 70, or 85 
phon (Tatai et al., 1965, 1967). Increased urinary excretions of 17- 
hydroxycorticosteroids are also observed after exposure for two or six hours 
for several days to noise levels of 40, 50, and 60 dBA (Osada et al., 1972). 
Transient increases in serum cortisol were recorded 15 minutes after onset of 
90 dBA continuous noise by Favino, Maugeri, Kauchtschischvili, Robustelli 
Della Cuna, and Nappi (1973). No effect on plasma cortisol was found 
following exposure to continuous one-third octave bands of noise (Slob et 
al., 1973) or to a variety of noises, including one in which 105 dBA broad 
band noise was cycled in 10-second on/off periods for 30 minutes 
(Brandenberger, Follenius, and Tremolieres, 1970). However, only two 
subjects were used in each experiment. Noise was found to produce 
elevations in cortisol levels in a later study using 99 dBA pink noise and a 
longer on/off period (Follenius et al., 1980) and in a study in which subjects 
performed an unfamiliar, but not a familiar, task (Brandenberger et al., 1980). 
Iwamoto, Ishi, Yoneda, Morie and Harada (1995) report that although plasma 
cyclic AMP was not observed to increase following laboratory exposure to 
90 dBA traffic noise, significant elevations were observed when noise was 
presented while subjects were performing a calculation task. Performance of 
the task in the absence of noise did not cause significant elevations of cyclic 
AMP.

Studies in mice, rats and guinea pigs have demonstrated noise-induced 
depression of corticosterone output (Henkin and Knigge, 1963), temporary 
eosinopenia and changes in the adrenal gland (Anthony and Ackermann, 
1955), rise in adrenal 11-hydroxy corticosteroid in blood (Horio, Sakamoto, 
and Matsui, 1972), and increases in plasma corticosterone levels (Rosecrans, 
Watzman, and Buckley, 1966). However, other studies have failed to reveal 
effects of noise on adrenocortical activity (Anthony, Ackerman, and Loyd, 
1959).

Other Psychoendocrine Effects

Noise exposure has been hypothesised to influence levels of growth 
hormone, creatinine, uric acid, sodium, potassium, serum cholesterol, 
triglycerides and total lipids, thyroid hormone, blood sugar, glucose, insulin 
and plasma renin. The results of studies which attempted to test the effect of 
noise on levels of these variables in humans have been either negative or 
difficult to interpret (Carter et al, 1993; but see Melamed, 1995 in relation to 
cholesterol and triglycerides).
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Im m unological Effects

The possibility that exposure to noise depresses immune function is based on 
empirical evidence that noise is a stressor (Schwarze and Jansen, 1990) in 
conjunction with evidence that various kinds of stress can modulate immune 
function (Sieber, Rodin, Larson, Ortega, and Cummings, 1992).

Early laboratory studies of humans showed no effect of noise on indices of 
immunity (for example, Finkle and Poppen, 1948). Atherley, Gibbons, and 
Powell (1970) estimated the total white cell count, eosinophils, neutrophils 
and lymphocytes of subjects who has been exposed to noise for seven hours. 
The results did not fit the pattern of a stress response and no statistical tests of 
significance were reported.

A recent review of nine relevant animal and human studies published since 
1988 suggests that evidence regarding the hypothesis that noise can affect 
health through modulation of the immune system, is inconclusive (Bly, 
Goddard, and McLean, 1993). The four (out of nine) studies that were 
considered to have reliable data, have inconsistent findings. Folch, Ojeda 
and Esquivel (1991) found that noise stress produced a reversible increase in 
serum thymulin (a hormone affecting the function of the thymus, an 
important organ of the immune system) concentration in mice exposed to 
noise stress. Similarly, Irwin, Segal, Hauger and Smith (1989) showed that 
after 10 (but not 1 or 4) days of noise exposure natural killer cell activity 
(which is positively correlated with immune function) in rats was 
significantly increased. In contrast, Sieber et al. (1992) found small 
reductions in natural killer cell activity after acute exposure of healthy male 
human volunteers to uncontrollable, but not controllable, noise. Kugler, 
Kalveram and Lange (1990) found a 25% reduction of two populations of 
lymphocyte cells after acute, but not chronic, noise stress.

Potential negative impacts of noise on immunity may be influenced if the 
noise is perceived as uncontrollable, because learned helplessness is 
associated with impaired immunity (Visintainer, Volpicelli, and Seligman, 
1982).

The putative immunosupressive effects of noise may also be partially 
mediated by noise-induced sleep loss (Brown, 1991; Brown, Pang, Husband, 
and King, 1989; Palmblad et al., 1976; Palmblad, Petrini, Wasserman, and 
Akerstedt, 1979; Ohrstrom, 1993b). The effects of sleep loss have not been 
consistently addressed in relevant laboratory studies of acute exposure to 
noise.

Stressful reactions to the noise, such as annoyance, dissatisfaction, 
frustration, fear, may also impair immune function. Arvidsson and Lindvall 
(1978) found no association between annoyance and urinary catecholamine 
levels in a laboratory experiment, however cortisol levels were not 
measured.
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5.2.7 Bodily Fatigue

Noise and Bod ily Fatigue

According to a basic review by Bartley and Chute (1947) fatigue is 
considered to be directly perceived, personal and cumulative, and to arise 
from underlying conflicts. It may appear and disappear very suddenly. 
Physiological models of fatigue are based on energy expenditure, 
disturbance of electrolyte homeostasis or accumulation of metabolites when 
working (MacLaren, Cibsoon, Parry-Billings and tdwards, 1989). 
Psychologically, motivational factors and other individual characteristics play 
an important role in perceived effort and fatigue (Gamberale, 1985). It might 
be predicted that bodily fatigue would result from the strain of noise 
exposure. A range of environmental and intraindividual conditions may 
cause symptoms of fatigue.

Subjects exposed to intense infrasound have reported symptoms of extreme 
fatigue (Mohr, Cole, Guild, and von Gierke, 1965) and a higher incidence of 
fatigue and irritability is reported amongst workers exposed to intense noise 
than amongst non-exposed controls (Jansen, 1962). However, no simple 
relationship was found between noise levels and feelings of fatigue among 
workers exposed to five sound intensities ranging from 50 to 125 dB 
(between subjects) (Matsui and Sakamoto, 1971). The precise role of noise 
as a causal or contributive factor in bodily fatigue has not yet been 
established.

Individuals who are less able to cope with the strain of noise exposure, such 
as the elderly and the ill, might be particularly prone to noise-induced bodily 
fatigue.

Fatigue may be an indirect consequence of noise exposure, which results 
from noise-induced sleep disturbance.

Overall, the lack of observed effects is not surprising and uninformative. It 
may be true that noise does not cause fatigue. Alternatively, the concept of 
bodily fatigue may be sufficiently ill-defined, with understanding and 
measurement of it varying so much from person to person, as to make effects 
difficult to detect (Lee, Hicks and Nino-Marcia, 1991).

5.2.8 Mortality

Noise and M ortality

The claim that mortality rates are significantly elevated in populations 
exposed to aircraft noise is based on the findings of two studies, one 
conducted around Sydney Airport, which did not exclude competing 
explanations. The association is not maintained when the influence of 
confounding variables is controlled.

According to Environmental Impact Reports (1979) noise in the environs of 
Sydney Airport was associated with increased mortality from arteriosclerosis, 
heart disease in general, congenital abnormalities, and nephritis and
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nephrosis for particular age and sex population subgroups. However, the 
division of the study population into low and high aircraft noise exposure 
areas may have been inaccurate and no attempt was made to account for 
confounding variables.

Meecham and Shaw (1979) reported that the mortality rates (deaths per 
1,000 population) due to cirrhosis of the liver and stroke were elevated in 
the high aircraft noise area (greater than 90 dBA) by 100% and 15% 
respectively, compared to a low aircraft noise area (no exposure details 
provided). However reanalysis of these data (Frerichs, Beeman, and 
Coulson, 1980) showed that differences in mortality rates disappeared once 
adjustment was made for age, sex and race. Using Los Angeles County data 
as the reference, the standardised mortality ratio (SMR) for overall mortality 
was 0.99 in the high noise area and 0.95 in the low noise area. The SMR for 
cerebrovascular disease 0.92 in both the high and low noise areas.

Thus, positive findings have not withstood the scrutiny of reasonably 
controlled investigations.

Comments from Recent Sydney Airport Studies

Kinhili (1990) included consideration of the mortality studies discussed 
above and new results of an epidemiological study of the effects of aircraft 
noise on mortality in Sydney. Previous mortality studies were criticised for a 
failure to account for demographic and racial factors. Using morbidity data 
from 1988-89 Taylor and Lyle (1990) concluded that "[t]here do not appear 
to be any clear or consistent correlations between mortality and exposure to 
aircraft noise" (Kinhili, 1990, p24.35). Age was matched across noise 
regions. Other confounding variables, ethnicity and socio-economic status, 
were found to correlate with mortality rate. Whilst these effects were 
statistically controlled in the analysis of noise effects on mortality, this was 
not made clear in the Proposed Third Runway Sydney (Kingsford Smith) 
Airport Draft Environmental Impact Statement (Kinhili, 1990). Furthermore, 
unsurprisingly the boundaries of local government and post code areas, each 
of which were used to determine noise exposure do not correspond exactly 
to noise contours. Direct noise measurements were not made. Taylor and 
Lyle (1990) recognise a further weakness to their study in that exposure 
levels are determined on the place of residence at the time of death only.

The Report of the Senate Select Committee on Aircraft Noise in Sydney 
(Senate Select Committee on Aircraft Noise in Sydney, 1995) cites findings 
from both Kinhili (1990) and Taylor and Lyle (1990). It is remarked that the 
latter study was less conclusive. However, these studies suffer from very 
similar flaws and it is more appropriate to conclude that no currently 
available data resolve the question of whether aircraft noise causes an 
increase in mortality rates in Australia.

Further research is required to adjudicate on this issue.

5.2.9 Perinatal Health

Perinatal health has been considered as an indicator of general health in 
research on the effects of noise exposure, however the effects of noise on
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perinatal health is an issue worthy of consideration in its own right. 
Evidence from a number of cross-sectional field studies suggest that aircraft 
noise may have harmful effects on pregnancy and the foetus (for example, 
Cohen and Weinstein, 1982; Cohen et al., 1986; Knipschild, Meijer, and 
Salle, 1981), possibly due to noise-induced alterations in uterine and 
placental blood flow. However, studies which have been performed to 
determine whether there is an association between aircraft noise and low 
birth weight, gestation length and birth defects have serious methodological 
flaws which render their findings difficult to interpret. As an important 
example, various studies have suffered through lack of control for maternal 
smoking behaviour, potentially a serious confounder.

Birth Weight

Five studies have addressed the question of whether aircraft noise is 
associated with low birth weight, most reporting positive results. For 
example, Ando and Hattori (1973) reported reduction in birth weight after 
aircraft operations began in Itami (Japan), relative to low noise areas where 
there was no noise change. Similarly, Rehm and Jansen (1978) reported a 
non-significant trend between low birth weight and exposure to aircraft noise 
(range 5.9% to 6.7% across noise divisions) amongst 1,452 births. 
Unfortunately, neither of these studies indicate that any allowance was made 
for important confounders (for example, smoking, socio-economic status) and 
Rehm and Jansen provide insufficient detail on the selection of subjects. 
However, data consistent with the results of these two studies were reported 
by Knipschild et al. (1981). Mothers who resided in high aircraft noise areas 
during their pregnancies were more likely to have babies weighing less than 
3,000 grams, reflecting mainly a difference in the birth weight of females. 
These results could be considered more reliable had the authors controlled 
for maternal smoking and had more than 902 of 3,094 eligible births in the 
study period been included in the analysis. Meyer, Aldrich and Easterly 
(1989) found lower birth weight to be associated with noise exposure on 
female infants, with socio-economic status controlled. In a study of 3,292 
births, Coblenz, Martel, and Ignazi, (1990) reported that birth weight was 
generally lower for both sexes in one of two aircraft noise affected areas and 
among males in another, relative to reference areas without aircraft noise. 
However, these results may have been biased by inadequate control of 
maternal smoking, as well as by failure to adjust for socio-economic status, 
gestation length and other potential confounders. In contrast, another 
epidemiological study has reported no effect of noise on birth weight (Schell, 
1961). The ecological design of each of these studies raises the difficulty 
that those at lowest risk of having a low birth weight baby (for example, 
those of high socio-economic status) may have migrated out of areas that 
became aircraft noise affected.

Gestation Length

Available evidence supports the hypothesis that exposure to aircraft noise 
results in reductions in gestation period (and thus a higher rate of 
prematurity), which may contribute to the reductions . in birth weight. 
Prematurity rate is reported to have increased following the commencement 
of aircraft operations in Itami (japan) relative to areas which continued to 
have low noise exposure (Ando and Hattori, 1973). Schell (1981) reported a
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corresponding effect of noise on gestation period with maternal age, smoking 
and socio-economic status controlled. However, sufficient detail on sample 
selection was not provided. The same methodological concerns as raised in 
the preceding section apply here also.

Birth Defects

The influence of aircraft noise on the prevalence of birth defects is uncertain. 
Jones and Tauscher (1978) concluded from a study of over 225,000 birth 
certificates in Los Angeles county, that babies whose mothers resided under 
a flight path where noise exceeded 90dBA were significantly more likely to 
display birth defects than those whose mothers did not. Due to criticism of 
the accuracy of birth certificates as a measure of the incidence of defects, 
Edmonds, Layde, and Erikson (1979) conducted a similar study around 
Atlanta airport using data derived from a comprehensive birth defects 
surveillance system. These authors did not detect any effect of exposure to 
aircraft noise.

Comments from  Recent Sydney Airport Studies

In Kinhill (1990) data regarding the influence of aircraft noise on perinatal 
health are considered and methodological faults with the relevant studies are 
recognised. For example, Ando and Hattori (1973) are criticised for failing to 
account for prematurity, the age of the mother, or socio-economic status. 
However, the studies reported in their study would seem at least suggestive 
of a negative impact of aircraft noise on perinatal health.

The Report o f the Senate Select Committee on Aircraft Noise (Senate Select 
Committee on Aircraft Noise in Sydney, 1995) cites the same studies as 
Kinhill (1990) and claims that "the Draft EIS discounted studies which 
indicated an association between aircraft noise and perinatal problems... 
because other factors were not taken into account" (Senate Select Committee 
on Aircraft Noise in Sydney, 1995, p i44). Nonetheless, while the 
methodological problems of a study can be recognised and its findings 
consequently deemed inconclusive, the problems do not render the data 
completely pointless. These results are suggestive of the need for rigorous 
research on this question. A submission to the Senate Select Committee 
from the Australian Medical Association also refers to the same studies but in 
the absence of appropriate methodological criticism the findings of these 
studies are inappropriately presented as being unambiguous. Nonetheless, 
in consideration of a precautionary approach to sustainable development, 
such evidence leaves cause for concern.

5.2.10 G eneral Physical Health

N oise and General Health

Investigation of whether exposure to aircraft noise causes a reduction in 
general health has produced inconsistent findings. Numerous clinical 
symptoms including nausea, headache, irritability, instability, 
argumentativeness, reduction in sexual drive, anxiety, nervousness, 
insomnia, abnormal tiredness, and loss of appetite (Jirkova and Kromarova,
1965) have been attributed to noise exposure.
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Few studies have found a simple relationship between aircraft noise with 
self-reports of general health and visits to the physician for physical 
symptoms, however health measures have been found to be associated with 
subjective responses to noise. Crandjean, Graf, Lauber, Meier, and Muller
(1973) found no association between aircraft noise exposure level and 
general symptoms in a study around three Swiss airports. In a study on 
aircraft noise around a German airport, no signs of disease were found in a 
thoroughly examined sample of the population exposed to 82-100 dBA 
aircraft noise (Deutsche Forschungsgemeinschaft, 1974). Similarly, Graeven
(1974) using a sample of 552 subjects found no relationship between noise 
level (NEF) and a symptom checklist measure, although annoyance was 
found to be strongly related to health problems. An Australian community 
survey (Hede and Bullen, 1982a) found that subjects in high aircraft noise 
zones (> 25 NEF) were no more likely to rate their health as "bad" or "very 
bad" than subjects in lower noise zones. However, the belief that noise has 
negative effects on health correlated significantly with noise exposure 
(correlation coefficients ranging from 0.13 to 0.23) as well as general 
reaction (correlation coefficients ranging from 0.26 to 0.56) (Hede and 
Bullen, 1982a). Van Kamp (1990) found no relationship between health 
complaints and aircraft or traffic noise stratum (however, the health 
complaints she considered included sleep disturbances and psychological 
problems including depression, which are covered elsewhere in this review). 
In contrast, Knipschiid (1977b) reported that people in high noise areas have 
more digestive system problems and visits to the general practitioner. 
However, these findings must be viewed with some scepticism given the 
brief period of study (one week) and the failure to control for potential 
confounding variables, such as smoking and socio-economic status. 
Knipschiid and Oudshoorn (1977) found an increase in the purchase of 
antacids and cardiovascular drugs in a community newly exposed to noise 
but not in one where there was no change. Again, age, gender and socio
economic status were not controlled. However, the study of an area newly 
exposed to noise reduces the risk of noise nuisance being caused by lower 
socio-economic status or of bias by self-selection.

The prevalence of headaches has been found to be higher in high than in 
low noise areas (Bullen et al., 1981; Jonah, Bradley, and Dawson, 1981). 
Tarnopolsky, Hand, Barker, and Jenkins (1980), studying the effect noise 
exposure in the vicinity of Heathrow airport using a 27-symptom checklist 
discovered that minor accidents and symptoms classified as acute (including 
irritability, sleep disturbance and burns, cuts and minor accidents) were more 
prevalent in a high than in a low noise area, whereas the opposite was the 
case for symptoms classified as chronic (among them headaches, undue 
tiredness and breathlessness). Monotonic dose-response relationships were 
not clearly visible. However, in a large study (N-6000) also in the vicinity 
of Heathrow in which potential confounding variables were controlled, 
Watkins, Tarnopolsky, and Jenkins, (1981) found no relationship of noise 
exposure with any of a range of indicators of health including drug use, visits 
to the general practitioner, status as an out- or inpatient, and use of 
community health services.

In a cross-sectional study conducted around two military airports in The 
Netherlands, Pulles et al. (1990) discovered a positive correlation (of
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unspecified significance) between exposure to aircraft noise and subjective 
ill-health as measured by a symptom checklist.

In a thorough study (N-82) of the impact of traffic noise on health, Nivison 
and Endresen (1993) examined the relationship of health factors derived from 
self-reports on 27 health complaints (severity, when they occurred, medical 
attention) and sleep patterns (including latency, awakenings, perceived sleep 
quality) with noise exposure (Leq, Lmax). Potential modifiers such as noise 
sensitivity, noise annoyance, noise exposure at work, length of residence, 
other life events, family history, smoking, type A behaviour and trait anxiety, 
were given careful consideration. Sensitivity and annoyance scales were 
constructed from two independent sets of highly intercorrelated variables. 
The results indicated a weak negative relationship of noise exposure with 
health and sleep complaints. However, noise exposure was not a significant 
factor in explaining the variance in total health complaints. Health 
complaints were more closely related to annoyance for men (especially 
stomach upset, day time fatigue) and sensitivity for women (especially 
intestinal complaints, cold, flu, nervousness, cardiovascular health, poor 
sleep quality). Noise sensitivity and anxiety, which were highly correlated, 
explained 54% of the variance in total health complaints in women.

In a recent cross-sectional community survey examining the impacts of traffic 
noise (Lercher, 1996), use of analgesics and antacids were significantly 
associated with sensitivity and annoyance, but not with noise level, though 
prescriptions generally (including for medications such as sleeping pills) 
were most strongly associated with noise level.

W hilst occupational studies have generally provided support for a 
relationship between noise exposure and general health, these findings may 
not be generalisable to the general population, given the selectivity inherent 
to occupational studies. Whilst Davis (1958) reported that men working on 
aircraft carriers did not evidence a higher rate of symptoms if exposed to high 
noise than if not, this is an occupational group which is likely to be self- 
selected for high noise tolerance and may even, especially in the 1950s, 
have been selected for minimal report/admission of signs of weakness such 
as health problems. Cohen (1976) studied medical records of 500 workers 
of plants with sound pressure levels above 95 dBA and those of controls 
matched for age and length of plant experience working with sound pressure 
levels below 80 dBA. The finding that those working with higher noise had 
more complaints and diagnosed illnesses has been questioned on the ground 
that plants with high noise are probably high in other health hazards 
(Berglund and Lindvall, 1995). However, the actual level of confounding is 
not known. McDonald and Ronayne (1989) also found that increases in 
noise level were associated with increases in the frequency of symptoms 
assessed by a 12 item version of the General Health Questionnaire. 
Stansfeld (1992) concluded from a review of the relevant literature that 
individuals working in noisy industries have higher self-rated illness, actual 
illness and illness-related absenteeism than workers of quieter industries.

M oderating Variables

Intense low frequency noise has been found to cause respiratory impairment 
(von Gierke and Nixon, 1976; see also von B6k£sy, 1960). However, the
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levels at which this impairment have been reported are above those 
experienced by residents near commercial airports.

Several perceived attributes of the noise- controllability (predictability), 
necessity, and meaningfulness (as a signal of danger) are hypothesised to 
moderate the physiological effect of high noise exposures. Stressors which 
are perceived as uncontrollable have been found to be appraised as more 
threatening and to potentate negative effects on health. For example, Pulles 
et al. (1990) found that differences in subjective health complaints between 
noise exposed and nonexposed groups depended on the perceived 
controllability of the noise rather than its intensity. Atherley et al. (1970) 
compared the effects of exposure to white noise with a negative meaning, 
with the effects of equally intense noise with no such meaning. Only 
meaningful noise increased complaints such as tiredness and irritability, 
galvanic skin responses, and circulating lymphocytes and neutrophils, and 
reduced adrenocortical response (urinary 17-ketosteroids).

According to Rehm (1983) individual responses to noise may be more highly 
correlated with symptoms of ill-health than with the noise itself, a finding 
which is consistent with an underlying sensitivity factor. Sensitivity to noise 
has been found to relate to impaired health (Niveson, 1992; Nivison and 
Endresen, 1993)! W hile the causal sequence of sensitivity causing increased 
reactivity to noise and thus more health effects is credible and apparently 
obvious, it is not the only account available. For example, people may be 
more sensitive to noise as a result of illness.

Comments from Recent Sydney Airport Studies

Of the five studies regarding the effect of aircraft on general and mental 
health cited by Kinhill (1990) (Abbey-Wickrama et al., 1969; Meecham and 
Smith, 1977; Thompson, 1983; Knipschild, 1977a; Koszarny et al., 1981), 
two examined only mental hospital admissions (Abbey-Wickraroa et al., 
1969; Meecham and Smith, 1977) and two cardiovascular health in 
particular (Thompson, 1983; Knipschild, 1977a). Thus, the conclusion that 
"[wjhile some studies have reported higher rates of several illnesses in areas 
affected by aircraft noise, these studies have generally failed to allow for 
other influences on morbidity in the community" (Kinhill, 1990, p24.32), is 
justified but of limited relevance to general health effects. The evidence 
reviewed here is inconclusive but suggestive of an influence of aircraft noise 
on general health.

The Proposed Third Runway Sydney (Kingsford Smith) Airport Draft 
Environmental Impact Statement (Kinhill, 1990) also reported the results of 
an epidemiological study of hospital admissions for the year 1988-89 in 
Sydney (Taylor and Lyle, 1990). Again, no distinction seems to have been 
made between general and psychiatric hospital admissions, making the data 
difficult to interpret in the present context although legitimate for Taylor and 
Lyle's purposes. The authors concluded that "there do not appear to be any 
clear or consistent correlations between hospital morbidity and exposure to 
aircraft noise in Sydney local government and postcode areas". As identified 
earlier, the validity of these findings is undermined by the concerns regarding 
the noise level classification.
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W hilst the Report of the Senate Select Committee on Aircraft Noise in 
Sydney (Senate Select Committee on Aircraft Noise in Sydney, 1995) does 
not make these criticisms of the epidemiological morbidity study included in 
Kinhill (1990), it does include a number of submissions which appear to 
suggest that aircraft noise impacts on general health. A wide number of 
health-related complaints, including tension, anxiety, headaches, respiratory 
problems, skin disorders, were registered by the hotline and general practice 
survey run by DEAF. Dr Aline Smith also reported cases of stress and anxiety 
"requiring more intense therapy through counselling or tranquillisers". 
Residents of noise affected areas complained of greater use of analgesics, 
sedatives and antacids. However, the deficiencies in these data must again 
be identified. The data are based on the self-reports of a self-selected sample 
and without baseline measurements or a control sample it is difficult to 
determine whether any illness is caused by, or influenced by, exposure to 
aircraft noise.

5.2.11 Assessment of the Causal Role of Noise in Health Effects

W hilst there is some inconsistency in the relevant literature and much of the 
available data is correlational in nature, a significant case can be made for 
the claim that noise harms health, on seven grounds (as outlined by Job, 
1996).

First, community studies of changes in noise exposure have revealed 
associated changes in health status, such as increased prevalence of 
hypertension and use of cardiovascular disease related medication 
(Knipschild and Oudshoorn, 1977). Such findings are particularly significant 
because they are not confounded by the usual self-selection factors (except 
to the extent of related resident relocations which occur before the 
investigations).

Second, two lines of evidence are inconsistent with the possibility that the 
real relationship between noise exposure and health is exaggerated by self
selection biases operating to result in the most noise susceptible people 
living in high noise areas. Firstly, selection of place of residence is more 
likely to result in less noise sensitive people living in higher noise areas 
(even within numerous logistic and financial constraints). Given evidence 
indicating that people do not adapt to the noise (Weinstein, 1982), noise 
sensitive people who do move into high noise areas, are presumably more 
likely to move again because of the noise. Secondly, residents exposed to 
high levels of noise which are then reduced have consistently been found 
show a reduction in noise reaction to a lower level than would be expected 
for the new level of exposure (Brown, Hall, and Kyle-Little, 1985; Raw and 
Griffiths, 1985; and see Job, 1988b). Similarly, a sudden increase in noise 
exposure has been found to produce an increase in reaction to a level 
beyond that expected from the new exposure level (see Raw and Griffiths, 
1990; Job, 1988b). These results are inconsistent with the view  that those 
residents who choose to live in high noise areas are particularly sensitive to 
the noise and people who live in low noise areas are particularly insensitive 
to the noise. Furthermore, the ressponse criteria for annoyance are higher in 
people living in high noise areas than in people living in low noise areas 
(Berglund, Berglund and Lindvall, 1975a; Fidell, Teffeteller, Horonjeff and 
Green, 1979). Consistent with these arguments, community studies
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commonly show near zero to negative correlations between noise exposure 
and noise sensitivity (for review see Job, 1988a), especially where the noise 
source is readily apparent when place of residence is chosen (for example, 
road noise: see Langdon, 1976, who identified a correlation of -0.28 
between sensitivity and noise exposure). Whilst McKennell (1978) reported 
a positive correlation between sensitivity and supersonic aircraft noise 
exposure, respondents in this survey were unlikely to have selected their 
place of dwelling with this new, wide distribution, noise source in mind.

Third, longitudinal studies of noise exposure show changing effects on 
health over time (Babish et al., 1993; Neus et a l, 1983; Stansfeld, 1992).

Fourth, laboratory studies have identified short term effects consistent with 
field observations without the potential complications of a nonrepresentative 
"survivor'' population. Such studies reveal the capacity of noise to produce 
the relevant effects, at least temporarily. For example, field observations of 
changed blood pressure in high noise areas (Cohen, Evans, Krantz, and 
Stokols, 1980; Knipschild, 1977a, 1977b) are corroborated by changes in 
heart rate and blood pressure during laboratory exposures to noise (Carter 
and Beh, 1989; Parrot et al., 1992; Vallet, Gagneux, Clairet, Laurens, and 
Letisserand, 1983b). Exposure to noise in the laboratory also produces 
startle (Rylander et al., 1974) and elevation of catecholamines and cortisol 
levels (Cantrell, 1974; Carter et al., 1993: Cavatorta et al., 1987), consistent 
with observations of startle and stress responses in socio-acoustic 
investigations (Bullen et al., 1991; Bullen et al., 1985; Wolsink and 
Sprengers, 1993).

Fifth, evidence supports a range of mechanisms by which noise might cause 
various health effects.

Sixth, studies which do not detect health effects of noise may suffer a variety 
of methodological limitations, notably including insufficient statistical power. 
Small sample sizes, inflation of variance due to measurement error and 
failure to consider confounding and moderating variables make discovery of 
existing relationships difficult.

Seventh, some analyses which have controlled for a variety of confounding 
social factors have uncovered previously identified noise-health relationships 
(for example, aircraft noise and mental hospital admissions: Kryter, 1990). 
Thus, while the evidence for health effects of noise is not definitive, a strong 
case exists.

Although, the above considerations do not prove a causal connection 
between noise and health effects, the weight of evidence is in favour of such 
a connection. Further, given the potentially extreme negative consequences 
of incorrectly dismissing the possibility that noise has a negative impact on 
health, it seems reasonable to assume that it does while further research aims 
towards settling the matter. This reasoning is supported by the precautionary 
principle for a sustainable development.
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5.2.12 Indirect Effects of Noise on Non-Auditory Physiological 
Health

Non-auditory physiological health may be adversely affected not only by 
noise exposure itself, but also by the impacts of noise on other outcomes. 
For example, any immunosuppressive effects of noise, mediated for example 
by stress, sleep loss or annoyance, is clearly liable to have negative 
consequences for health.

Noise exposure increases catecholamine activity (Cantrell, 1974; Cavatorta et 
al., 1987), which is involved in stress and anxiety, blood pressure and heart 
rate elevation, and compromised immunity (Ader and Cohen, 1993). Stress 
also influences plasma cholesterol (Brennan, Job, Watkins, and Maier, 1992) 
which is probably involved in cardiovascular disease (although possibly not 
as closely related to life expectancy as previously thought: Atrens, 1994) [see 
Section 4.6].

Noise which is perceived as uncontrollable (see babisch et al., 1996; Cohen 
et al., 1986; Evans, 1982; Job, 1993; Lundberg and Frankenhaeuser, 1977) 
may produce 'learned helplessness' (Maier and Seligman, 1976; Seligman, 
1991) effects including ulcers (Overmier and Murison, 1989), changes in 
blood plasma cholesterol (Brennan et al., 1992) and impaired immune 
system resistance to tumour growth (Visintainer et al., 1982).

It is conceivable that noise-induced sleep disturbance (Carter et al., 1993) 
could have negative health consequences. The functions of sleep in humans 
are still the subject of controversy and research. For example, Horne (1990) 
maintained that there is little evidence in support of the much accepted view 
that sleep serves a restorative function in humans, whereas Hobson (1989) 
contended that sleep is necessary for good physiological health. Medical 
authorities have also argued that sleep disturbance due to aircraft noise can 
impact on health in otherwise healthy people as well as deleteriously affect 
the healing process (Hobson, 1969; RPA Hospital Medical Board 1995; 
Faculty of Medicine, University of Sydney 1995). Mirmiran and Van 
Someren (1993) suggested that REM sleep in infants may be related to brain 
restitution, and Carter (1995) has suggested that sleep, especially slow wave 
sleep, may provide a respite for the cardiovascular system, resensitizing and 
maintaining set-points in blood pressure control mechanisms. Further, some 
data obtained from humans and animals suggest that there is an association 
between sleep and optimal immune function, and that sleep deprivation, 
particularly loss of slow wave sleep, could affect health through a negative 
affect on immunity (Brown, Pang, Husband and King, 1989a; Brown Price, 
King and Husband, 1989b; Brown, Husband and King, 1992; Moldofsky, 
Lue, Eisen, Keystone, and Corczynski, 1986, Moldofsky, Lue, Davidson and 
Gorczynski,1989; Palmblad et al, 1976; Palmblad et al., 1979; Ohrstrom, 
1993b; Toth and Krueger 1988a, 1988b). However, there are no published 
data specifically relating noise-induced sleep disturbance to immune 
function in man or animals.

Self-reported symptoms of ill-health are related to subjective sleep quality 
(Niveson, 1992). For example, the relationship of noise disturbances during 
the day and nighttime with self-reported diseases was examined in a cohort 
study (N - 1,006; Ising and Rebentisch, 1993b). Subjects reporting noise-
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induced sleep disturbances, were more likely to suffer angina pectoris 
(relative risk: 1.86) and hypertension (relative risk: 2.32) than those not 
reporting disturbances. In contrast, daytime noise disturbance was not 
associated with these complaints. Sleep loss may be associated with stress, 
with possible causal connections in both directions (see Carter et al., 1993; 
Sarafino, 1994). The possibility that other reaction modifiers such as attitude 
to the noise source influence sleep loss is of particular interest. Correlation 
of these factors in socio-acoustic investigations could simply indicate that 
those with the most negative attitude report the most sleep loss, or recall the 
most sleep loss, or that greater sleep loss and/or greater stress induces a more 
negative attitude. Fatigue, either as a result of noise exposure or noise- 
induced sleep disturbance, could result in injuries as a consequence of 
inadequate care being taken.

Injuries may also result from workers failing to hear important warning 
signals or shouts as a result of noise-induced hearing deficits or noise 
induced interference with speech intelligibility. Although such mechanisms 
are little documented in the literature, there is anecdotal evidence for them 
(Berglund and Lindvall, 1995).

Noise-induced disturbance of voice communication [see Section 5.2] may 
also result in voice disorders. Voice levels tend to be raised to compensate 
for noise disturbance (Pearsons, Benett, and Fidel I, 1976; Lazarus, 1990), 
possibly resulting in vocal cord stress and then voice disorders (von 
Klingholz, Siegert, Schleier, and Thamm, 1978).

Interference of voice communication and social behaviours could disrupt 
social networks, which may have a negative influence on health (Berkman 
and Syme, 1979; House, landis, Umberson, 1988).

Psychological stress may also mediate the impact of noise on health. Noise 
reaction has been found to be associated with having a nervous stomach 
(Ohrstrom, 1989),health ratings (Lercher and Widmann, 1993; Rehm, 1983) 
and use of medication (Lercher, 1996).

5.3 Impact of Noise on  Performance and  A ctivity

5.3.1 Sleep D isturbance

Social surveys have revealed that sleep disturbance is regarded as an 
important effect of environmental noise (Alexandre, 1974; Lambert and 
Vallet, 1994), although sleep disturbance can occur for reasons other than 
noise exposure (Langdon and Buller, 1977). Findings pertaining to the 
effects of noise exposure on sleep, perceived sleep quality and fatigue are 
inconsistent but suggest some relationship which is subject to noise 
characteristics, individual differences and general health (for reviews see 
Berglund, Preis, and Rankin, 1990; Criefahn, 1991; Griefahn, Jansen, and 
Klosterkotter, 1976; Lukas, 1975; Ohrstrom, 1993b; Suter, 1992; Vallet, 
1987). Most studies have focussed on exposure to simulated traffic noise in 
the laboratory, however evidence suggests that community exposure to
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aircraft noise also disturbs sleep. For example, cessation of night flights has 
been found to reduce sleep disturbance (Berglund and Lindvall, 1995).

Norm al Sleep Process and Sleep Disturbance

Recordings of sleep can be obtained by measuring the electrical activity of 
the brain (electroencephalogram, EEG), together with the electrical activity in 
the eyes (electroocculogram, EOG) and muscles (electromyogram, EMG). 
Behavioural and self-report measures are also available (see Carter, 1996a, 
1996b; Smith, Oyung, Gregiry, M iller, and Rosekind, 1996).

The normal sleep process involves predictable changes in EEG pattern, 
which are scored in 'epochs', usually of 20 seconds, 30 seconds, or one 
minute duration. Prior to sleep, an change from rapid, irregular waves to the 
regular alpha rhythm can be observed. This is followed by sleep stage 1, 
which features prolonged reductions in wave amplitude and frequency. 
Sleep stage 2, is characterised by 1-2 sec bursts of 7-14 Hz waves (spindle 
waves) dotted with single, slow, relatively large amplitude waves (K- 
complexes). The following stage 3 includes periods of slow, high amplitude 
waves (delta waves), with a frequency of approximately 0.3-3 Hz. If the 
proportion of an epoch occupied by delta waves exceeds 50% it is defined 
as stage 4 sleep. Following Stage 4 1-REM sleep begins. The 1REM EEG 
pattern resembles that found during waking, though often with characteristic 
'saw-tooth* waves. REM sleep is also characterised by rapid and co
ordinated eye movements, which are detected by the EOG, and a marked 
drop in the amplitude of the EMG signal relative to that of other sellp stages 
and of waking. Stages 1 and 2 are regarded as light sleep, and stages 3 and 4 
deep sleep (Smith et al., 1996). Stages 3 and 4 are also jointly referred to as 
slow wave sleep . REM sleep is distinguished from the preceding stages 
which are termed collectively non-REM sleep. For a typically adult one 
night's sleep involves 4-5 cycles, each containing all stages of sleep and 
lasting approximately 90 minutes. Overnight the duration of each successive 
slow wave sleep period usually decreases while REM periods increase (Smith 
et al., 1996). Interpretation of sleep data must be made cautiously because 
there is wide variation between individuals as well as across the lifespan.

It has been predicted that exposure to nighttime noise might cause primary 
sleep disturbance effects such as difficulty in falling asleep, reduced sleep 
soundness -in terms of alterations of sleep pattern or depth, body 
movements and awakenings- (see Eberhardt, 1987; Griefahn, 1989, 1990), 
and vegetative reactions such as increased blood pressure (Muzet and 
Ehrhart, 1978), increased heart rate (Ohrstrom, 1989), increased finger pulse 
amplitude, vasoconstriction, and change in respiration and cardiac 
arrhythmia (Carter and Hunyor, 1988; Carter, Hunyor, Ingham and Tran, 
1994a; Carter, Hunyor, Crawford, Kelly and Smith, 1994b). Nighttime 
exposures might also induce secondary effects (after effects), which are 
detectable the day after the noise exposure. These secondary effects include 
reduced perceived sleep quality, increased fatigue, decreased mood or 
wellbeing and decreased performance (Ohrstrom, 1982). The effects of 
noise on sleep are not necessarily independent. For example, evidence 
suggests that perceived sleep quality is influenced by the time needed to fall 
asleep, the number of awakenings during the night and the feeling of 
tiredness in the morning (Lukas, 1977; Ohrstrom, 1982).
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M ethodological Concerns

Several difficulties with assessing the impact of noise on sleep are pertinent. 
Firstly, community studies may report artificially deflated observed 
correlations between outdoor noise levels and sleep disturbance. Because 
higher outdoor noise levels may force people to sleep with the windows 
closed (Fidell and Jones, 1975; Globus, Friedmann, Cohen, Pearsons, and 
Fidell, 1974), actual (inside) noise exposures may be lower than recorded 
(outdoor) noise exposures for high but not low level noises. The correlation 
between outdoor noise levels and sleep disturbance may be low, for 
example, because the higher the outdoor noise levels, the more the windows 
are closed. Carter et al. (1992) measured six noise metrics simultaneously 
indoors (roughly in the centre of the bedroom) and outdoors (one metre 
toward the road from the bedroom window) in 20 second intervals overnight 
at a number of detached, single family dwellings (double-brick and brick- 
veneer) on Pennant Hills Road, Sydney. The correlation between indoor and 
outdoor LAeq, LAmax, LApk, LA90, LA10, and LA1 averaged 0.88, 0.80, 
0.69, 0.90, 0.90 and 0.84 respectively, when windows slightly (up to 20 cm) 
open, but only averaged 0.51, 0.43, 0.31, 0.51, 0.57, and 0.49 with window 
closed. The difference between outside and inside levels was greatest for 
measures of peak measures and lowest for LA90. In the area studied the 
main external noise was road traffic and not aircraft noise. As with the 
correlations, attenuation values were different for the six noise metrics. No 
consideration was given to the effect of different outdoor noise levels on the 
size of the correlation. In conclusion, correlations of noise and sleep 
disturbance should be calculated using indoor noise levels. All field studies 
of noise and sleep should include continuous (simultaneous) outdoor and 
indoor noise measurements. Failure to measure indoor noise exposures in 
one major study of aircraft noise and sleep has presented difficulties in 
generalising the result to other locations (Horne, Pankhurst, Reyner, Hume, 
Diamond, 1994).

Secondly, community studies are rare and findings of laboratory studies may 
be inappropriate for predicting real world responses to given levels and 
numbers of aircraft noise events for the following reasons:

■ a review of 21 laboratory and field studies of the effect of noise on sleep 
(Pearsons, Barber, Tabachnick, Fidell, 1995) indicated that dose/ 
response curves relating noise levels to probability of awakening, or 
sleep stage changes differ substantially as a function of whether the data 
used to derive the curves was gleaned from laboratory or field studies. 
Curves derived from field data were markedly 'flatter' compared with 
those using data from laboratory studies. Thus, a given increase in noise 
exposure produced a smaller increase in response in the field than it 
would in the laboratory, probably reflecting some habituation in the 
field, or the combined effect of noise and unfamiliarity in the laboratory;

■ the sleep process is likely to be affected by the laboratory environment 
in ways that are not accounted for by control groups, and these 
laboratory artifactual effects may interact with noise effects in as yet 
unknown ways. Much research of noise-induced sleep disturbance has 
been conducted in the laboratory even though responses to noise in the 
laboratory, an unfamiliar environment, may be quite different to 
responses to the same noises when sleeping at home, an environment to
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which the sleeper has habituated. This is often referred to as the "first 
night effect" in laboratory studies but in reality habituation to novel 
sleeping conditions may take much longer than one night. W hilst such 
problems may be reduced by having subjects become familiar with 
sleeping in the laboratory prior to beginning testing, many features of 
the real world experience are difficult to simulate in the laboratory; and

■ the parallel between field and laboratory findings may be further 
undermined by the common practice of playing recordings of outdoor 
noise to subjects in laboratories, whereas field study subjects hear the 
noise after it has been attenuated by the building. Even adjustment for 
loudness does not overcome the problem that indoor noise is likely to 
have a greater low frequency noise component (due to differential 
attenuation of different frequencies by buildings).

Nonetheless, due to its greater practicality laboratory is useful for studying 
theoretical aspects of noise-induced sleep disturbance, for establishing casual 
links, for trialing methods to be used in the field, and for investigating certain 
physiological responses to noise during sleep. However, only field studies 
can provide the basis for quantitative predictions of the effects of aircraft 
noise on sleep in the community.

Thirdly, laboratory studies often fail to consider the noise to which people 
have been exposed during sleep at home, which may be relevant given the 
evidence of habituation in some noise-induced sleep effects (body 
movements Ohrstrom and Rylander, 1990; awakening: Griefahn and Jansen, 
1978; Vallet, Gagneux, and Simonnet, 1980). Such adaptation may have 
resulted in underestimation of the impacts of noise in studies of individuals 
with sufficient previous exposure.

Finally, the relationship of noise with sleep disturbance varies depending on 
how sleep disturbance is defined and measured. For example, amongst 
dose-response curves derived from 21 studies of the effects of noise (from 
various sources) on sleep (Pearsons et al., 1995), curves of percent change in 
sleep stage distribution [see Section 5.1.4.2b] versus noise level were much 
steeper than curves of arousal/awakening [see Section 5.1.4.2c] versus noise 
level. This suggests that sleep stages changes are more readily evoked by 
noise than are arousals. Even different measures of awakening have been 
found to correlate poorly with one another (Fidell et al., 1995b). Carter 
(1996) and Smith et al. (1996) provide an overview of various indices of 
sleep disturbance.

Relevant Sound Indices

There is considerable uncertainty as to which measure of noise exposure is 
most appropriate for assessing noise-induced sleep disturbance.

Several studies demonstrate weak associations of sleep disturbance with A- 
weighted equivalent continuous sound pressure level (Eberhardt and 
Akselsson, 1987; Ohrstrom, 1982; Vallet, Gagneux, Clairet, Laurens, and 
Letisserand, 1983b; Vernet, 1983). For example, Fidell et al. (1994 xxx a or 
b?; 1995) found no relation between long term (24-hour) LAeq or variants 
such as Day-Night Level (DNL) and frequency of awakening or between 
overnight LAeq and reported annoyance due to aircraft noise, in their field
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studies of aircraft noise and sleep. Thus, several alternative noise indices 
have been considered.

The finding that intermittent noise disturbed sleep much more than 
continuous noise (Ohrstrom and Rylander, 1982; Thiessen,1983; Eberhardt 
et al., 1987) carried with it the implication (confirmed by Eberhardt, 1988) 
that measures of the level of single noise events would be better predictors of 
sleep disturbance than LAeq. It is now customary to report the level of single 
noise events in term of one or both of two measures. The first is LAmax and 
the second is A-weighted Sound Exposure Level (ASEL), where:

AS EL - LAmax + 10 log D/Dref (1)

and D equals the duration of the noise event and Dref equals 1 second. 
Generally, ASEL values are 5-10 dB greater than LAmax for the same noise 
events, depending on the relation between maximum level and duration of 
the event. For example, for aircraft noise, the decrease in LAmax as aircraft 
altitude increases is accompanied by greater differences between LAmax and 
ASEL. Pearsons et al (1995) compared LAmax and ASEL as measures of the 
noise levels of single noise events, and concluded that in general ASEL gave 
higher correlation with sleep disturbance. The ratio of the level of single 
noise events to background noise level has been found to be at least as 
important for sleep disturbance as absolute noise level of the event in 
laboratory and field studies (Eberhardt, 1982, 1988; Eberhardt and Axelsson 
1987; Eberhardt, Strile, and Berlin^ 1987; Ohrstom, 1982).

Other indices which have been employed in the investigation of noise- 
induced sleep disturbance include the number of events exceeding a certain 
sound pressure level, the sound level exceeded during 1 %  of the measuring 
time and NPL (Noise Pollution Level, accounting for temporal fluctuations) 
(Griefahn, 1990; Vallet et al., 1983a, 1983b). Griefahn (1990) offered a 
method of combining maximum level and number of noise events overnight 
to determine a critical load for nocturnal noise. Passchier-Vermeer (1994) 
recently developed a calculation method, on the basis of dose/ response 
relationships derived from field study data, for combining the number of 
noise events overnight and the SEL of these events in order to predict the 
probability of awakenings and sleep stage changes. The percentage of 
awakenings and sleep stage changes are a linear function of this noise index. 
Further consideration is given to Passchier-Vermeer's estimation method in 
Section 12.

Bullen, Hede and Williams (1996) have presented a methodology for a Sleep 
Disturbance Index (SDI) which is numerically equal to the estimated average 
number of awakenings per night which would be caused by the noise in 
question. Typical values of SDI would range from less than 0.2, representing 
a relatively insignificant level of disturbance, to greater than 5, representing a 
high level of disturbance. The value of the SDI depends on the number of 
individual noise events heard per night; the maximum noise levels of events; 
and the 'emergence' of events above the ambient noise. No other 
methodology allows all these factors to be considered ir> a systematic and 
quantifiable way. Bullen et al (1996) also propose a criterion of an SDI value 
of 1.5 as an appropriate threshold for planning purposes, above which the
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sleep disturbance would be considered 'unacceptable'. This level 
represents a 'doubling' of the ambient level of sleep disturbance.

Primary Effects of Noise on Sleep

Effects of Noise on Sleep Latency

Increases in the time taken to fall asleep (sleep latency) are considered to be 
an important component of noise-induced sleep disturbance (Ohrstrom, 
1993b).

For example, reductions in sleep latency have been observed in children 
(Eberhardt, 1987) when they are moved to a quieter room and in adults 
when their windows are closed, thus reducing sound exposure (Griefahn and 
Gros, 1983). Residents of areas exposure above 70dBA outdoors reported 
greater difficulty in falling asleep, than residents of areas with lower noise 
levels (Ohrstrom, 1991). Similarly, Ohrstrom and Rylander (1990) observed 
increased sleep latency following exposure to traffic noise at 50 and 60 dB 
LA max in both noise sensitive and nonsensitive subjects. Sleep latency was 
found to be similar for sounds at 45, 50 and 60 dB and it is contended that 
the number of events above a criterion level per unit time, rather than noise 
levels per se, is important for this component of sleep disturbance (Ohrstrom, 
1991; Ohrsi >m and Rylander, 1990). Consistent with this hypothesis, 
Carter and Ingham (1995), in a laboratory study, found an increase in sleep 
latency with the number of truck noises presented, but no relation to 
background noise level, nor any interaction between number of trucks and 
background noise level.

Sleep Soundness and Pattern

The effects of noise on sleep soundness can be divided into four types: a) 
body movements, b) changes in EEG-pattern such as transitions towards 
lighter sleep or EEG changes too short to be classified as sleep-stage changes, 
and c) awakenings. Interestingly, the use of behavioural versus 
electrophysiological indicators of sleep soundness produces discrepant 
findings regarding the impact of noise on sleep soundness.

Body Movements

The number of body movements which occur during sleep has been 
regarded as an objective measure of disturbance during sleep (Muzet, 
Naitoh, Johnson, and Townsend, 1974) and large body movements are 
associated with number of awakenings (OhrstrOm and Rylander, 1982) and 
sleep stage shifts (Dement and Kleitman, 1957). The occurrence of body 
movements has been found to increase with Lvn«x (maximum sound pressure 
level) (Eberhardt, 1987; Ohrstrom, 1982). For example, Naganuma et al. 
(1991) exposed subjects to 26 recorded traffic noise events at 55, 60 and 65 
dBA for five nights in the laboratory. The authors suggest that above a 
threshold around 60dBA a rectilinear relationship exists between exposure 
level and number of body movements. However, the range of sound 
pressure levels tested were insufficient to justify this conclusion. In contrast, 
Johnson, Townsend, and Naitoh (1973) and Carter and Ingham (1995) have 
suggested that the total number of body movements appears to be no greater 
in noisy nights than in quiet nights, even though they may occur in response
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to particular noise events. It has been proposed that body movements may 
be necessary to relieve pressure points, so that the occurrence of a noise 
event merely triggers a body movement which may have occurred anyway. 
It is also possible that the finding reflects reduced duration of sleep in noisy 
relative to quiet nights, so that even if there is a greater frequency of body 
movements there may be a lower absolute number of them. However, there 
was no main effect of noise schedule on total sleep time in this study.

Increased body movements associated with noise exposure have not been 
found to habituate over 14 nights' exposure (Ohrstrom, 1989; see also 
Ohrstrom, 1993c). However, there is some indication of habituation within 
each night. OhrstrOm and Rylander (1990) report the increase in the number 
of body movements to be slightly lower if there are 64 rather than 16 noise 
events per night. For 16 noise events, there were three times that number of 
body movements observed under quiet conditions, regardless of which of 
three noise levels was used (45, 50 or 60 dBA).

Changes in Sleep Stage Distribution

Noise stimulation produces changes in the EEC pattern, which may be clear 
sleep stage shifts or K-complexes (increases of wave frequency) that are only 
detectable by close inspection of the EEC recording.

It has been argued that decrease in REM sleep duration provides the most 
sensitive indicator of noise exposure and is likely to occur for sound pressure 
levels above 45 dB LAmax (Suzuki et al., 1993).

Aircraft noise exposure has been found to reduce REM sleep. Muzet and 
coworkers (for example, Muzet and Olivier-Martin, 1973; Olivier-Martin and 
Schneider, 1973), found reduced REM sleep in laboratory subjects exposed 
to 77-97 dB LAmax jet take-off noises, with compensatory increases in REM 
sleep observed during the following quiet night. Exposure to aircraft noise in 
excess of 77-80 dBA may also be associated with the disturbance of REM 
sleep in newborn babies (Ando and Hattori, 1973).

Field study findings regarding the effect of traffic noise on REM sleep have 
been somewhat inconsistent. jurriens, Griefahn, Kumar, Vallet and 
Wilkinson (1983) observed no effect on REM with traffic noise reduced in 
the bedroom by 10 dB. Thiessen and Lapointe (1983) found exposure to 
traffic noise increased REM sleep by 2.4% at 47dB and by 4.8% at 60dB. In 
contrast, REM sleep decreased following exposure to recorded traffic noise 
events at 55, 60 and 65 dBA over five nights in the laboratory (Naganuma et 
al., 1991).

Reduced overnight time in slow wave sleep has also been reported by a 
number of investigators in laboratory and field studies (Eberhardt 1987; 
1988; Eberhardt and Axelsson 1987; Eberhardt et al., 1987; Griefahn and 
Gros, 1986; Hofman and Liefting, 1992; Ottc 1970; Pearsons, Fidell, 
Bennett, Friedmann, and Globus, 1974; Stevenson and McKellar, 1989; 
Vallet et al., 1983a; Wilkinson and Campbell, 1984). However in a 
laboratory study using truck noises at 63-66 LAmax no clear association was 
found between time in the various sleep stages and the number of truck 
noises overnight, though there were clear responses to individual noise 
events, and some effect on sleep latency (Carter and Ingham, 1995).
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Shifts towards earlier sleep stages can be detected in the laboratory for sound 
pressure levels exceeding 40 dB LAmax for road, train and aircraft noise 
(Eberhardt, 1987; Griefahn, 1986; Osadaetal., 1968, 1969).

Finally, the frequency of reactions which do not quite constitute a change of 
sleep stage have been found to increase linearly with the number of noise 
events per night (Griefahn and Jansen, 1978).

Changes in sleep patterns do not appear to be permanent. Following 
reduction of inside noise levels after long term exposure the quantity of REM- 
sleep and/or slow-wave sleep has been observed to increase (Eberhardt and 
Akselsson, 1987; Friedmann and Gobus, 1974; Griefahn and Gros, 1986; 
Vallet, 1979; Vallet et al., 1983a, 1983b). For example, Freidmann and 
Globus (1974) found that prior to the cessation of night flights at Dusseldorf 
airport (outdoor noise levels of 71 dB Laeq for seven hours between 2300 
and 0600 hours), the total duration of slow wave (stage 3 and 4) sleep 
averaegd 47 minutes. Following the reduction of nighttime noise to 51 dB 
Laeq for seven hours between 2300 and 0600 hours outdoors), slow wave 
sleep increased to a total duration of 68 minutes one week after cessation, 
and 61 minutes one month after cessation.

It has been suggested that the effects of noise stimulation on sleep depend on 
the concurrent stage of sleep. However closer examination suggests that the 
amount of interference induced by a given noise event is roughly equal for 
all sleep stages. For example, changes in EEG pattern appear to be least 
likely in REM and Stage 4 sleep (Thiessen, 1972; Lukas, 1975), however 
Williams (1973) has cited research indicating that this applies only to 
behavioural measures of awakening. Carter et al (1994b) also found that 
noise was least likely to elicit an alpha (arousal) response from Stages 4 and 
3 (slow wave sleep), with REM the next least likley to show an alpha 
response. When alpha responses during intervals containing noise events 
were matched with quiet intervals of the same duration it was found that the 
noise simply multiplied the number of quiet interval alpha responses by the 
same factor, regardless of sleep stage.

Reduction in overnight slow wave sleep appears to be more likely in young 
adults than in older persons, possibly because they have a greater 
physiological requirement for slow wave sleep.

Awakening

Data regarding the effect of aircraft noise on awakening is scant, however 
evidence from the laboratory suggests that exposure to traffic noise above 
approximately 50dB LAmax indoors, causes subjects who are not used to the 
noise to awaken. Awakenings may be detected using behavioural or self- 
report methods (for example, subjects are required to press a button on 
awakening, or indicate awakenings in questionnaires administered after the 
sleep period, respectively) or using EEG measures of awakening (for example, 
Lukas, 1977; Lukas, Dobbs, and Kryter, 1971). Behavioural and self-report 
measures may underestimate awakenings, because subject may not awake 
sufficiently to record or recall each awakening.

Pearsons et al. (1995) reviewed 21 studies of the effects of noise (from 
various sources) on sleep with a view to developing dose/response
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Figure 5.3

Source:

relationships between noise level of individual noise events and sleep 
disturbance. This is shown in Figures 5.3 and 5.4. Several main sources of 
variation in the data were identified, the most important for present purposes 
being whether the studies were carried out in the field or in the laboratory, 
and whether sleep disturbance was defined and measured in terms of 
changes in sleep stage distribution or in terms of arousal/awakening. Linear 
dose/response curves for each combination of these parameters were derived 
using LAmax and ASEL as the noise metric, and then compared with dose/ 
response curves developed by previous reviewers. Neither the dose- 
response relationship for laboratory studies nor that for field studies was well 
represented by the dose^esponse relationship developed by FICON (1992) 
as a compromise between the two (Fidell, 1996). The conclusion reached by 
Pearsons et al. (1995) that no quantitative model of sleep disturbance could 
be derived from these data appears to be based largely on the discrepancies 
between laboratory and field data. In fact the correlations reported by 
Pearsons et al. (1995) between noise level and the mean values of percent 
sleep stage change or awakening from each study (which can be regarded as 
grouped data) were roughly comparable in size with commonly reported 
group correlations relating annoyance to ajrcraft noise level.

SOUND EXPO SU RE LEV EL  (SEL )

Percentage of Respondents aroused or awakened as a Function of 
n o ise  Exposure (SEL) for laboratory Studies.
Pearsons et al, 1995.
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FIGURE 5.4 

Source:

SOUNO EX PO SU R E LEV EL  (SEL )

Percentage of respondents aro used  o r  aw akened  as a fun ctio n  of 
NOISE EXPOSURE (SEL) FOR FIELD STUDIES.
Pearsons et al, 1995.

Four field studies of aircraft noise and sleep disturbance have been reported 
since Pearsons et al.'s (1995) review was conducted.

In a field study of sleep disturbance in homes near British airports Ollerhead 
et al. (1992) observed a dose-response relationship that agreed well with the 
regression line for field studies identified by Pearsons et al. (1995). Above 
75-80 dB LAmax arousals were found to increase with increasing maximum 
noise levels. Berglund (1996) suggests that this study may have been flawed 
by weakness in the outcome measure, use of outdoor rather than indoor 
noise levels, or use of too narrow a range of signal: background noise ratios.

Horne et al. (1994) monitored the sleep of 400 people living near four busy 
airports in the UK over a total of 5, 472 nights. Arousals were detected by 
means of actimetry (using accelerometers attached to the wrist), a procedure 
validated previously against polygraphic measures. The actigraphic measures 
of arousal factiblips') were correlated with individual aircraft overflights. 
However, only one in 88 aircraft noise events induced an actiblip response. 
The threshold for a response was stated to be approximately 82 dB LAmax 
outdoors (Home et al. 1994). There were clear individual differences 
between subjects and domestic and idiosyncratic factors influenced 
responses to a greater extent than noise exposure. Unfortunately noise 
measurements were taken outdoors only, and the homes were well noise 
insulated. Thus, the LAmax levels are overestimated for the sleep disturvance 
observed.

Fidell et al. (1995a) examined the relationship of noise measured both 
indoors and outdoors with awakenings in three groups of subjects: residents
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in the vicinity of a civilian airport, in the vicinity of a military airport and in 
an area not subject to aircraft noise. Subjects recorded awakenings during 
the night and recall of number and duration of awakenings in the morning 
using a palmtop computer at the bedside. The observed threshold of 
awakening was about 55 dB ASEL indoors and the slope of a linear 
regression line relating indoor ASEL to percentage awakening agreed closely 
with the dose-response relationship derived from the Pearson et al. (1995) 
review of field studies of awakening. However, this group of researchers 
have consistently argued consideration should be given to the likelihood of 
an arousal/awakening in the absence of a noise event, as well as during or 
immediately following a noise event (see Horonjeff, Fidell, Teffeteller, and 
Green, 1982). Thus, Fidell et al. (1994a; 1994b) found that approximately 
two awakenings per night occur in the absence of any noise event, regardless 
of noise exposure. Further, while the relationship between indoor ASEL and 
awakenings was statistically significant, it accounted for only one-third of the 
variance in behavioural awakening (Fidell et al., 1995b). A logistic 
probability model indicated that SEL alone accounted for only 5%  of 
awakening with variables such as time since retiring adding, considerably to 
predictability of awakening.

Fidell et al. (1995b) investigated the relationship between aircraft noise and 
awakening, measured behaviourally and actimetrically (using two types of 
actimeter), immediately before and after an airport changeover. Subjects 
were residents in the vicinity of the old or of the new airport. Indoor and 
outdoor noise levels were measured concurrently with sleep monitoring. 
Indoor SEL values for aircraft noise events ranged from about 60 to 95 B. 
The observed correlations of indoor SEL of individual noise events with 
actimetric measures of arousal, and with behavioural awakenings were 
relatively high. However, the intercorrelations between the three measures 
of arousal/awakening were low, raising concerns about the reliability of 
measures of sleep disturbance. Nonetheless, the linear dose/response 
relation of indoor SEL versus awakening again agreed well with that derived 
in a review of earlier field studies (Pearsons et al., 1995), that obtained by 
Horne et al., (1994), and by Fidell et al. (1994a).

Awakening has been shown to occur at levels as low as 45dB LAmax 
(Ohrstrftm, 1983). Some subjects wake as a result of 50% of noises at 55 dB 
LAmax (Eberhardt et al., 1987). OhrstrOm and Rylander (1990) found 
subjects reported more awakenings following exposure to intermittent traffic 
noise at 50 and 60 dBA than unexposed subjects (see also Ohrstrom and 
BjOrkman, 1983).

There is some evidence of habituation during and across nights. Thus, the 
probability of awakening in response to a given noise decreases with an 
increasing number of prior sound exposures per night and the frequency of 
awakenings per night decreases at least over the first eight consecutive nights 
(Griefahn and Jansen, 1978). Further, awakenings in response to noise 
maxima from 90dB are substantially more frequent in acute laboratory 
studies than in field studies, in which noise exposure has persisted for 
several years. This finding suggests that habituation has occurred in the field 
studies. However the field study samples may consist largely of "survivors", 
and issue which was discussed in the introduction. Nonetheless, awakening 
frequencies in laboratory studies decrease rapidly with the length of
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exposure (Vallet et al., 1980), although complete habituation is far from 
being achieved. Thiessen (1978) reported that the awakening response 
could take up to 24 days to habituate.

A number of studies suggest the signal to noise ratio, rather than absolute 
noise level, determines the probability of awakening. Further, the 
probability of being awakened increases with number of noise stimuli per 
night, following to a decelerating function (Griefahn and Jansen, 1978). This 
relationship is influenced by the interval between sound events and the 
probability of awakening is greatest for intervals of 40 minutes (Griefahn, 
1977). Some studies indicate that the probability of awakening due to a 
given noise event is lower in the REM sleep stage, compared to non-REM 
sleep stages, for nonimpulsive as well as impulsive noises (Berry and 
Thiessen, 1970).

The research reviewed above suggests that average relations between the SEL 
of individual aircraft noise events and actimetric or behavioural measures of 
awakening are reproducible. Whether or not a given event w ill elicit a 
behavioural wakening or actimetric response is not predictable at present 
although such individual correlations are improved by inclusion of a variety 
of non-acoustical factors such as age and gender, and (especially) time since 
sleep onset.

Few studies have considered the time spent awake following arousal, which 
can be measured with a sleep polygraph, but not actimetry or button- 
pressing.

Vegetative Responses During Sleep

Subjects exposed to noise during sleep demonstrate psychophysiological 
reactions, such as increased heart rate, finger pulse and respiration rate. Both 
laboratory and field studies of road traffic noise, suggest that noise levels as 
low as 40 dB LAmax can induce these effects, with minimal habituation 
occurring during and across nights.

Transportation noise during sleep has been found to elicit vasoconstriction at 
the finger tips (Muzet and Ehrhardt, 1978).

Guilleminault and Stoohs (1995) showed that sleeping subjects presented 
with a 5s, 1000 Hz tone at levels above 55 dB always demonstrated an 
increase in beat-by-beat blood pressure . However, the noise stimuli differed 
from everyday noise stimuli in virtue of being unfamiliarity and of 
instantaneous onset. An experiment to determine whether these results can 
be replicated using recorded truck and aircraft noise is being carried out at 
present in Sydney by Carter and his colleagues.

Heart rate has been found to accelerate in response to exposure to very low 
peak noise levels during sleep (Jurriens et al., 1983; Vallet et al., 1983b). 
W hilst Wilkinson (1984) has argued that the heart rate response to daytime 
noise exposures is quite small, and within the range of normal variation, the 
heart rate response during sleep to a single noise event (that is, the difference 
between the maximum and minimum heart rates reached in the acceleratory 
and the following deceleratory phases) can be 20 to 30 beats (Di Nisi, 
Muzet, Ehrhart, and Libert, 1990). Whilst the magnitude of the heart rate

Pace 5-56 PPK Environment & Infrastructure Pty Ltd



Pothntial Noise Impacts Chapter 5

response does not reduce with reductions in sound pressure level (Kumar, 
Tulen, Hofman, van Diest, and Jurriens, 1983), the number of responses 
reduces with a reduction in the number of noise events (Vallet et al., 1988). 
These studies of heart rate response did not control for a time series effect 
and in a field study which did so, no effect of noise on heart rate was found 
(Carter et al, 1994).

Hofman, Kumar, and Tulen (1995) found evoked cardiac responses due to 
peaks in indoor recorded sound levels in 12 subjects sleeping in their 
bedrooms along a noisy highway. Lowering the indoor sound level by 
double glazing windows did not reduce the magnitude of these cardiac 
responses, possibly because the number of peaks remained the same and 
their intensity may not have been reduced sufficiently by the glazing 
(Hofman et al., 1995). The magnitude of the evoked cardiac responses was 
related to the slope and duration of the soundmaxima. Hofman et al. (1995) 
comment that their findings indicate that cardiac responses may occur in the 
absence of concomitant signs of arousal or awakening (see also Di Nisi et al.,
1990).

Some evidence suggests that cardiac responses to noise during sleep do not 
habituate (Hofman et al., 1995; Muzet and Ehrhart, 1978), however this may 
be because studies have been conducted after habituation has already 
occurred. For example, Hofman et al. (1995) examined cardiac acceleration 
in 12 subjects living along a highway with high traffic density. They found 
that cardiac acceleration in response to maxima in sound level did not 
decrease with time over ten nights. However, since subjects had presumably 
ived and slept in this setting prior to the study, they may have already 

habituated to the sound levels experienced there. W hilst some studies 
indicate a reduction or removal of cardiovascular effects with a reduction in 
noise levels (for example, Kumar et al., 1983) other studies indicate no effect 
of noise reductions (for example, Hofman et al., 1995).

The magnitude of the heart rate response depends on the time of night and 
sleep stage (Di Nisi et al., 1990). The heart rate response, like other arousal 
effects (Vernet, 1983), is more closely associated with the difference between 
background level and the maximum sound pressure level than the absolute 
sound pressure level.

A further potential psychophysiological response to noise exposure during 
sleep is increased release and excretion of catecholamines, such as 
noradrenaline and adrenaline. Hygge et al. (1993) found that amongst 9-12 
year old children living in the vicinity of Munich airport, those living in 
noisy areas had significantly higher levels of adrenaline and noradrenaline in 
overnight urine samples than those living in less exposed areas. Babisch et 
al (1996) examined the relationship between road traffic noise and overnight 
urinary catecholamine (noradrenaline and adrenaline) levels in pre
menopausal women whose bedroom window faced a busy street. Noise 
exposure was estimated from traffic volume to correspond to night time 
average sound pressure levels ranging from 45-75 dBA outside. Noisy and 
quiet streets were estimated to differ by 23 dB LAeq,24h. "Multiple 
regression models revealed a significant (p<0.05) increase in renal 
noradrenaline excretion of 0.61|ig/g creatine per tenfold increase in traffic 
volume (logarithmic association). Subjects who lived in streets with more

Department of Transport and Regional Development Page 5-57 ■



Second Sydney A irport

than 17,000 vehicles/day showed a mean noradrenaline concentration in 
urine 2.47 creatinine higher than that of subjects who lived in streets with 
less than 17,000 vehicles/day (categorical association). However, this 
statistical effect was only found with regard to exposure of the bedroom, not 
the living room. No relationship was found between traffic volume and 
renal adrenaline secretion" (Babisch et al., 1996, p2156). These multiple 
regressions controlled statistically for a wide range of potential confounding 
variables, including body mass index, weight, age, drug consumption, and 
employment. The authors point out that it is not clear whether these 
changes in catecholamine levels reflect primarily acute responses to noise 
events during the night or ongoing arousal of the sympathetic-adrenal 
medullary system due to chronic stress of noise exposure. Changes in 
catecholamine excretion have been associated with subjective sleep 
disturbance (for disturbance with windows closed but not open: Babisch et 
al., 1996) and changes in sleep stage distribution (Maschke, Breinl, Grimm, 
and Ising, 1993). In contrast, in a laboratory study Carter et al. (1993; 
1994b) found no difference in levels of overnight urinary catecholamines 
after experimental 'Quiet' versus 'Noise' nights. The noise stimuli were 
recorded truck passbys and aircraft flyovers. Similarly, Pimentel-Souza, 
Carvalho, Siqueira, Alvares and Rodrigues (1996) found no difference in the 
urinary cortisol of patients in a hospital with an internal nocturnal noise of 
53.7 dB LAeq and patients in a hospital with an internal nocturnal level of
45.5 dB LAeq. Carter et al. (1994b) pointed out that overnight urinary 
catecholamines would be relatively insensitive measures of sympathetic 
nervous response to noise because they could not reflect momentary surges 
in response to noise events. Concern for such chronic, but probably 
relatively small, surges in serum catecholamines due to noise during sleep is 
justified by data showing cardiovascular sequelae (damage to heart tissue 
and increased blood pressure) from very high levels of circulating 
catecholamines. Okada et al. (1993) were able to show immediate 
sympathetic nervous responses to noise during sleep by means of 
microneurographic measures of sympathetic outflows to muscles in the leg. 
However, the noise stimuli (125 millisecond 880 Hz bursts of unspecified 
intensity) differed from everyday noise stimuli in several important respects, 
notably its unfamiliarity and sudden onset.

Babisch et al. (1996) report a trend toward lower carboxy-haemoglobin 
levels in females exposed to higher traffic noise, after effects due to smoking 
had been statistically removed. However, since this effect did not reach 
significance it should be regarded cautiously.

Use of Sedatives, Sleeping Pills and Earplugs

Epidemiological research suggests that exposure to aircraft noise can increase 
use of sedative drugs, sleeping pills and earplugs. This could indicate 
increased difficulty in falling asleep and/or disturbance of sleep soundness as 
a result of nighttime noise exposure.

Grandjean (1974a, 1974b) found increased consumption of tranquillisers 
and sleeping pills amongst people exposed to aircraft noise. Ohrstrom 
(1990, 1991) observed greater self-report of sedative drug and earplug use 
amongst residents of areas with equivalent exposure levels greater than 70dB 
than amongst residents of 40dB, 50dB, or 60dB Leq areas. However, the
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opposite result was found in a study of the neighbourhood of Munich airport 
(Deutsche Forschunsgemeinschaft, 1974). In a study designed to overcome 
the difficulty of using a "survivor" sample, the purchase of sedative drugs was 
found to increase in a community newly exposed to aircraft noise but not in 
one where there was no change (Knipschild and Oudshoorn, 1977). In a 
recent cross-sectional community survey examining the impacts of traffic 
noise (Lercher, 1996) use of sleeping pills was related to noise level and 
sensitivity, but not annoyance, whereas tranquilliser use was related to 
sensitivity only (see also Relster, 1975).

Secondary Effects o f Noise on Sleep

After-effects of noise-disturbed sleep such as perceived sleep quality, fatigue, 
changes in mood and impairment of performance have been studied both in 
laboratory and field studies.

Sleep Quality

Generally, data support the contention that exposure to intense nighttime 
noise lowers self-reported sleep quality. Griefahn (1990) reported that 
exposure to more than 40 events with 45dB LAmax resulted in decreases 
objective and perceived sleep quality. Pimentel-Souza et al. (1996) report 
that patients of a University hospital with an indoor nocturnal noise of 53.7 
dB LAeq had a worse perception of sleep (as assessed by 24 items including 
perceived need for longer sleep, feeling tired on awakening) than did 
patients at Baleia hospital, which has an indoor nocturnal level of 45.5 dB 
LAeq. Sleep disturbance due to medical care, organic disease or 
psychological disturbance did not differ between the two hospitals.

Lukas (1975, 1977) found a negative correlation between aircraft noise 
exposure levels and a sleep quality index constructed from items regarding 
feelings of well-being, general sleep quality, and estimates of sleep latency 
(correlation coefficient of -0.89). An association of sleep quality with 
behavioural and EEC measures of awakening (correlation coefficient of -0.5) 
was also observed.

Parallel findings have been reported for traffic noise exposure. Ohrstrom 
(1982) found a correlation between sleep quality and maximum heavy 
vehicle noise (60, 70 and 80 dB LAmax). Similarly, Ohrstrom, Bjorkman, 
and Rylander (1990) observed decreased perceived sleep quality after 
exposure to traffic noise with 45dB LAmax in noise-sensitive subjects. 
Consistent with these findings increased sleep quality has been observed 
after a 10 dB decrease in the general level of traffic noise (jurriens et al., 
1983).

Perceived sleep quality does not improve with extended exposure to noise 
(Ohrstrom, 1993c). Further, reduction in sleep quality is reversible with 
noise abatement measures (Eberhardt, 1982; Eberhardt and Akselsson, 1987; 
Griefahn and Gros, 1986; Ohrstrom, 1983; Wilkinson, 1984).

Reduction in perceived sleep quality are more closely related to maximum 
than equivalent noise levels (OhrstrOm, 1982) and is associated with the 
number of noise events when the sound pressure levels exceed 50 dB 
LAmax, and the number of noise events is between 40 and 300 (Bjorkman,
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Levein, Rylander, Ahrlin, and Ohrstrom, 1986). Although exposure to more 
than 40 sounds with 45 dB l_Amax reduced perceived sleep quality 
(Griefahn, 1990), no self reported effects on sleep were demonstrated at 60 
dB LAmax when the number of noise events was below eight (Ohrstrom and 
Rylander, 1990). This suggests the importance of the number of noise 
events. Amount of fast REM sleep may be closely related to perceived sleep 
quality (Berglund and Lindvall, 1995).

Fatigue and Mood

Because reduction in sleep quality is associated with fatigue and decreased 
mood (Lukas, 1977; Ohrstrom, 1982, 1989), these outcomes are also 
predicted to result from exposure to noise during sleep.

Occupational studies have demonstrated an association between increased 
fatigue and irritability and exposure to high intensity noise (Jansen, 1962), 
though there appears to be no simple dose-response relationship between 
noise levels and fatigue (Matsui and Sakamoto , 1971).

Subjects exposed to high levels of infrasound also demonstrate fatigue 
symptoms (Mohr et al., 1965). Fatigue might also be the result of strain due 
to noise exposure rather than noise-induced sleep disturbance.

M oderating Variables of the Effect of Noise on Sleep

Characteristics of the Noise

The number of individual traffic noise events, the relation of their maximum 
level to the background noise level, and their spectral pattern are all 
important factors in the likelihood and degree of sleep disturbance and 
physiological response (Eberhardt, et al., 1987; Vallet et al., 1983a; Griefahn,
1991).

Sleep disturbances may occur as a result of noises below the recommended 
sound pressure level of 45 dB LAmax if there are many noise events, 
background level is low, there is concommitant vibration or a low frequency 
component is present (Eberhardt, et al., 1987; Vallet, Gagneux, and 
Simonnet, 1980). For example, number of noise events has been found to 
be critical in increased sleep latency (Ohrstrom, 1991; Ohrstrom and 
Rylander, 1990), the probability of awakening (Griefahn and Jansen, 1978) 
and subjective sleep quality (Bjorkman et al., 1990). The signal to noise 
ratio influences the probability of awakening (Griefahn and Jansen, 1978) 
and the heart rate response (Vernet, 1983). Thus, the concerns of Fairfield 
Residents Against Airport Noise (1996) that the impact of aircraft noise may 
be higher in areas with low levels of background seems warranted with 
regard to noise-induced sleep disturbance. Nagai et al. (1989) report that 
individuals exposed to intense low frequency noise, as a result of living next 
to a superhighway, who initially complained of vibration of windows then 
suffered from insomnia and tiredness.

It has been argued that noise-abatement measures should aim at reducing the 
number of intense noise events (Griefahn, 1990). Objective sleep quality is 
reduced by exposure to more than 40 sounds with 45 dB LAmax (Griefahn, 
1990; see also Eberhardt, 1982; Eberhardt and Akselsson, 1987) and Vallet
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and Vernet (1991) recommend that a good sleep requires that not more than 
10-15 noise events with sound pressure levels around 45 dB LAmax occur in 
one night.

The duration of the noise is also critical to sleep disturbance (Thiessen, 
1983). Whilst the influence of continuous noise at sound pressure levels 
around 50dBA is largely restricted to REM-sleep, intermittent noise can affect 
sleep stages 3 and 4 in addition (Eberhardt, 1987).

It is unclear during which period of the night people are most susceptible to 
noise-induced sleep disturbance. According to Eberhardt (1987) people are 
most sensitive during the first one-third to two-thirds of the night. However 
cardiac responses to artillery noise during sleep were more pronounced in 
the early morning than during the first hours after sleep onset (Griefahn, 
1989). The impact of noise seems to depend on the concurrent stage of 
sleep (Berry and Thiessen, 1970; Thiessen, 1972).

Exposure to Daytime Noise

Exposure to daytime noise is thought to provoke stress reactions which may 
increase sleep latency (Blois, Debilly, and Mouret, 1980) and the amount of 
slow-wave sleep (Fruhstorfer, Fruhstorfer, and Grass, 1984). Fruhstorfer, 
Pritch and Fruhstorfer (1988) found that exposure to daytime noise resulted 
in reduced duration of REM, shortened sleep cycles and more stage 4 sleep 
in the second cycle. The authors concluded that these data suggest 
increased need for recovery after daytime noise stimulation.

Individual Differences and Demographic Variables

The generally held assumption that specific groups are particularly sensitive 
to noise-induced sleep disturbances has received inadequate research 
attention. Shift workers, the sick, the elderly and people with a high stress, 
anxiety or neoroticism levels, are thought to be particularly susceptible. In 
laboratory studies 'noise-sensitive' persons have reported deteriorated 
perceived sleep quality (Ohrstrdm and Bjorkman, 1988).

It has been predicted that shift workers would be particularly sensitive to 
sleep disturbances, because they sleep during the day. Thus, their normal 
circadian rhythms may already be disrupted and they are often exposed to 
more frequent noise events because their sleeping hours are not subject to 
curfews on aircraft operations. However, data addressing this issue are 
extremely limited. Ehrenstein and Muller-limmroth (1975) reported 30 
percent loss of overnight SW S to noise in shiftworkers exposed to noise 
during sleep, a finding not replicated in a study by Carter, Good, Brown, 
Pang and Clancy, (1995). These conflicting findings, despite the fact that 
both studies were laboratory studies, suggest that the issue should be further 
investigated in studies of shift workers exposed to noise while sleeping at 
home.

Noise-induced sleep disturbance has been thought to present a particular 
problem to the sick (Lukas, 1975), due to their reduced ability to cope with 
stress. The effects of noise on cardiac rhythm during sleep in individuals 
susceptible to cardiac arrhythmia were examined in field study of traffic 
noise with people sleeping in their own homes, and a laboratory study using
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recorded aircraft and traffic noise (Carter and Hunyor, 1988, Hunyor, 
Ingham, and Tran, 1992a; Carter, et al., 1992b). The field study revealed a 
weak relationship between noise and ventricular ectopic beats in some sleep 
stages. However, a large number of statistical comparisons were made in 
these studies, raising the possibility that some were significant (albeit in the 
predicted direction) due to chance alone. Moreover, the subject with the 
greatest frequency of baseline arrhythmias showed no noise effect. In the 
laboratory study, in which the onset of the noise was scheduled and the 
subjects all had a similar frequency of arrhythmias, ventricular ectopic beats 
were related to sleep stage (being more frequent in stage 4) but not to noise 
per se. There was a tendency for arrhythmias to be less frequent after noise 
onset if the subject was aroused from sleep stage 4. The authors suggested 
that ventricular ectopic beats were more frequent during stage 4, when heart 
rate is at its slowest, because ectopic foci overrode normal pacemaker cells. 
The possibility that typically increased autonomic tone during REM sleep 
may be potentiated by noise and exacerbate tachyarrhythmias in subjects 
with this type of arrhythmia (cf Hobson, 1969) was also identified. More 
research is required in this area (see Section 6.3).

Findings regarding the influence of age on noise-induced sleep disturbance 
are mixed. Children and young people have been found to be less 
susceptible to disturbance by noise, than are middle-aged or older persons 
(Dobbs, 1972; von Gierke and Nixon, 1972). Elderly people demonstrate 
more frequent noise-induced awakening than the population average 
(Eberhardt, 1982) and the probability of awakening due to a given noise 
event increases with age (Vallet et al., 1980; Vipac Engineers and Scientists 
Ltd., 1990). However, four to six year-olds are particularly likely to be 
aroused suddenly from sleep stage 4 and babies, who have suffered gastric 
difficulties or brain injury, may be particularly susceptible to noise-induced 
sleep-disturbance (Murphy, 1969). Noise-induced heart rate acceleration 
during sleep seems to be more pronounced in children (Berglund and 
Lindvall, 1995), whereas higher levels of overnight urinary noradrenaline are 
were associated with higher age in a group of pre-menopausal women 
(Babisch et al., 1996).

Babisch et al. (1996) also found that higher noradrenaline concentrations 
were associated with higher disturbance by noise, but also with lower body 
mass index or weight, higher alcohol consumption, and smaller number of 
rooms. Higher adrenaline concentrations were associated with higher 
disturbance by noise, but also lower body mass index, lower drug 
consumption, lower prevalence of respiratory disease, and living alone.

Data suggest a greater sensitivity to noise-induced sleep disturbance amongst 
women than men (Looks, 1972; Steinicke, 1957; W ilson and Zung, 1966). 
For example, in a laboratory study using simulated sonic booms and 
recorded aircraft noise (Looks, 1972b). Women were more affected by the 
noise. Further, susceptibility to noise disturbance increased with age. 
Similarly, Looks and Dobbs (1972) reported findings which suggested that 
middle-aged women are particularly sensitive to subsonic jet aircraft flyovers 
and simulated sonic booms. It is however possible that such differences are 
due, at least in part, to differences between these groups in habituating to 
sleeping in the laboratory, rather than differences in susceptibility to noise- 
induced sleep disturbance per se.
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A slightly higher sensitivity to noise during sleep has been observed for 
individuals with neurotic tendencies (Caille and Bassano, 1977).

The finding that elevations in overnight urinary catecholamine levels are 
positively associated with noise-induced disturbance to sleep and 
conversation for disturbances with windows closed but not open (Babisch et 
al., 1996) was interpreted as an indication of the importance of perceived 
control (efficacy of coping mechanisms). "Disturbances by noise with the 
windows open seemed to be less harmful to the subjects because closing the 
window could effectively reduce the noise (even though they may not do 
so)." (Babisch et al., 1996, p2158).

Sensitivity to noise is related to reported sleep problems (Lercher, 1996; 
Niveson, 1992; Nivison and Endresen, 1993; OhrstrOm, 1989; Ohrstrom and 
Bjorkman, 1988; Ohrstrom and Rylander, 1982).

The Proposed Third Runway EIS and the Senate Select Committee on Aircraft 
Noise in Sydney recognised the potential of noise to disturb sleep resulting 
in disturbance the following day and eventually the possibility of physical, 
emotional and mental problems. The recommendation of the Australian 
Standard 2107-1987 that to avoid sleep disturbances background levels not 
exceed 25-30 dBA rural and outer suburban areas or 30-35dBA in inner 
suburban areas was presented. Similarly the Australian Standard 2021-1985 
recommendation that transient events not exceed 50dB LAmax was noted. 
Particular consideration was given to noise-induced sleep-disturbance in shift 
workers.

The Proposed Third Runway Sydney (Kingsford Smith) Airport Draft 
Environmental impact Statement (Kinhill, 1990) cites the finding of Vipac 
Engineers and Scientists Ltd (1990) that elderl/ people are more likely to 
awaken as a result of noise exposure.

It was stated that shift workers often suffer from sleep disturbances and 
expea to sleep during the day. It was concluded that M[a]n increase in noise 
exposure could aggravate or multiply existing health problems, lead to 
further loss of sleep and affea the acceptance and tolerance of shift-work by 
shift workers" (p24.27). The Proposed Third Runway Sydney (Kingsford 
Smith) Airport Draft Environmental Impact Statement (Kinhill, 1990) did not 
identify the absence of data which addresses the issue of whether shift- 
workers are particularly susceptible to noise-induced sleep disturbance or 
whether they are just exposed to more noise when they are trying to sleep 
during the day.

It was also suggested in Kinhill (1990) that patients in hospitals may be 
particularly adversely affected by noise-induced sleep disturbance. 
Presumably, this may imply that they are more prone to disturbance, or that 
such disturbance could potentially be more detrimental to their health given 
the importance of sleep for recuperation.

Many submissions were made to the Senate Select Committee on Aircraft 
Noise in Sydney (Senate Selea Committee on Aircraft Noise in Sydney,
1995) regarding the negative effeas of exposure to aircraft noise on health. 
Many residents complained of sleep loss both in reports to the committee, on 
the DEAF hotline and in the DEAF general praaice survey. Dr Aline Smith
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reported cases of insomnia requiring treatment with sleeping tablets which 
she believed to be due to aircraft noise. As previously identified these data 
must be regarded speculatively, but do support research findings (as 
presented here and in the Kinhill (1990).

The view that shift-workers are a group of particular concern in relation to 
noise-induced sleep disturbance was reiterated in Dr Chambers' submission. 
However, again data supporting this suggestion are absent.

Submissions from the Royal Prince Alfred Hospital Medical Board reiterates 
the suggestion made in Kinhill (1990) that noise-induced sleep loss may be 
particularly problematic for patients, given the importance of sleep to the 
healing process.

The submission of Profs Bradstock and Sorrell identified the potential health 
consequences of sleep loss which they claimed were not emphasised in 
Proposed Third Runway Sydney (Kingsford Smith) Airport Draft 
Environmental Impact Statement (Kinhill, 1990). In particular they identified 
that "there is evidence that seven hours sleep per night, which is the length 
of the current curfew, is not sufficient for children, nor the great majority of 
adults. Published tables indicate that infants one to two years of age require 
11 hours sleep per night and two to three hours during the day. Teenagers 
of up to 18 years still require an average of 8.5 hours of sleep per night..." 
(Senate Select Committee on Aircraft Noise in Sydney, 1995, p148). They 
reported that sleep deprivation can have a negative impact on performance 
and learning, and might result in accidents in the home and on the road.

5.3.2 Interference w ith  Speech and  Co m m un ica t io n

Voice Com m unication

Speech is arguably the primary method of communication between humans. 
Speech signals are generated by a learned motor behaviour which is 
controlled by feedback from the hearing mechanism and the speech 
musculature coordinated by the central nervous system. These signals 
consist of rapid fluctuations in air pressure which radiate spatially, 
diminishing rapidly in intensity (Flanagan, 1972). Most of the acoustical 
energy of speech falls between 100 and 6,000 Hz, but cues of up to 8kHz 
are detected. The most important cue-bearing energy falls between 300 and 
3,000 Hz. However, air can support only limited variations in pressure 
without distorting the signal. For a constant signal to noise ratio, speech 
spoken loudly is more difficult to understand than when spoken softly 
(Lazarus, 1990; Rostolland, 1982, 1985).

An informative spoken language must consist of a finite number of 
distinguishable, mutually exclusive sounds, called phonemes (Flanagan, 
1972). In addition to phonemes, the temporal features of speech such as 
variations in stress (loudness), melody (pitch), and rhythm, which constitute 
the prosody of speech, are important for understanding. Because speech 
contains much extra information, many cues are redundant and speech can 
be understood when some components are missing.
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Speech is a multidimensional signal. Its comprehension requires 
discrimination of differences in the received signal and processing and 
assimilation of information from acoustic cues to identify meaning. Two 
successively presented pure tone frequencies may differ by only one part in 
one thousand yet be perceived as different (Rosenblith and Stevens, 1953). 
Thus normal listeners can distinguish 350,000 different tones, when these 
are presented successively in pairs (Stevens and Davis, 1938), though only 
five different tones when equally loud pure tones are presented individually 
for absolute judgement of pitch (Pollack, 1952). The threshold for 
perceiving a difference in intensity may be less than Id B  (Green, 1995; 
Houtsman, Durlach and Braida, 1980; Riesz, 1928). The acoustic and the 
physiological noises of the body set limits to the sensitivity of the receiving 
ear.

These considerations are relevant to the impact of noise on the 
understanding of speech.

Masking and Intellig ib ility

Noise may interfere with speech communication by masking simultaneous 
speech signals, rendering them unextractable. The degree to which noise 
masks a given desired signal (speech, music) depends on the signal to noise 
level ratio at critical frequencies; the more intense the level of the masking 
noise at speech frequencies, the fewer speech sounds are discernible to the 
listener.

It is difficult to predict the degree to which noise w ill mask speech with any 
precision. Whilst existing empirical relationships allow accurate prediction 
of the audibility of an isolated speech sound in the presence of a specified 
noise, for the average listener (Kryter, 1985, 1994; Webster, 1969, 1974), 
communication rarely involves single acoustic signals. Speech generally 
consists of a rapid sequence of different signals, the intensity and spectral 
distribution of which is constantly changing. Further, similar fluctuations of 
the masking noise occur, even when it is judged to be steady. Intermittent 
and impulsive noises as well as noises fluctuating in level w ill provide 
various degrees of masking, depending on the duration and frequency of 
occurrence of the noise bursts. It is important to realise that the sound 
pressure level varies with time during an aircraft overflight, so that speech 
intelligibility based on equivalent levels may be inaccurate (Berglund, 1996).

The relationship of speech discernability with speech "intelligibility" (the 
percentage of correctly understood key words in a series of sentences) is also 
uncertain. Sentences in which some sounds are masked may nonetheless be 
perceived as continuous. This phenomenon is referred to as phonemic 
restoration by noise for missing speech sounds. Speech interrupted with 
interpolated noise may be perceived as more complete and continuous than 
the same speech segments combined with silent gaps (Bergman, 1980; M iller 
and Licklider, 1950; Warren, 1970). Further, because of the redundancy of 
speech, many sentences in normal conversation can be understood quite 
well, even when the proportion of masked individual speech sounds is large. 
Although a particular sound is masked or even omitted, the remaining 
sounds may be sufficient to convey the meaning of the word or sentence
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from which it is missing. However, the interpretation required to 
compensate for masking may place additional strain on the listener.

Other features of voice communication which influence the impact of 
masking on speech comprehension include the presence of reverberation, 
the distance from speaker to listener, speech rate and clarity, any hearing loss 
(see Plomp, 1986), the listener's familiarity with the speaker's language, 
vocabulary dialect or accent, the degree of redundancy in the message, the 
familiarity and/or importance of the message, and the motivation and 
attention of the listener. Adequate communication is more likely if the 
messages are restricted, for example to numbers only, or if the position of 
noise source is clearly different from that of the speaker. Communication 
may also be facilitated by additional cues gleaned from lip-reading or 
observing facial or manual gestures.

Thus, the relationship between the spectrum, level, and temporal 
characteristics of a masking noise and the "intelligibility" of ordinary speech 
is very complex. There is some evidence to suggest that speech 
intelligibility may be reduced more by low frequency noise than other noises 
(except those in the frequency range of speech itself) (Loeb, 1986; Pickett, 
1959). Researchers have examined the intelligibility of nonsense syllables 
and isolated words in phonetically-balanced lists and of words in real 
sentences. The intelligibility of ordinary sentences can now be estimated 
using scores for isolated words. For example, when 75 %  of the items on a 
list of isolated words are correctly perceived, about 95% of key words in an 
ordinary sentence w ill be correctly understood (Kryter, 1970, 1994).

Speech Interference Indices

A number of indices have been developed to predict the degree to which a 
particular noise w ill interfere with speech comprehension. These indices 
differ in the manner in which they incorporate various characteristics of the 
masking noise. The three most common indices are: the articulation index 
(Al), speech interference level (SIL), and the A-weighted sound pressure level.

Articulation Index

The articulation index (French and Steinberg, 1947; Kryter, 1962) is the most 
complicated of the three interference indices. "Frequencies below 250 Hz 
and above 7,000 Hz are not included, as they are not considered to 
contribute to the intelligibility of speech. The frequency range from 250 to 
7,000 Hz is divided into 20 bands, each of which contributes 5 %  to the 
total intelligibility. In order to determine the articulation index for a 
particular noise, the difference in dB between the average speech level and 
the average noise level in each of these 20 bands is calculated, and the 
resultant numbers are combined to give a single index. Essentially, this 
process predicts how much masking of individual speech sounds w ill occur 
and then integrates this information." (Berglund and Lindvall, 1995, p53).

Although the articulation index is the most accurate of the three indices for 
the prediction of the effects of a large variety of noises on speech 
intelligibility, it is complicated to use and difficult for the layman to interpret. 
Thus, simplified procedures for estimating the Al from weighted 
measurements of octave-band levels have been developed (Kryter, 1962).
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Speech Interference Level

The speech interference level (Beranek, 1947) was introduced as simple 
alternative to the articulation index. The speech interference level omits the 
input of the lowest and highest frequencies to comprehension more than 
does the articulation index. There are many variants of the speech 
interference level index, all consisting of the arithmetic average of the sound 
pressure level in particular octave bands. For example, one recent speed 
interference level index averages sound pressure levels in the three octave 
bands centred around 500, 1,000, and 2,000 Hz (abbreviated speech 
interference level 0.5, 1, and 2). US National Standards Institute and ISO  
(ISO  TR3352, 1974, ISO 9921, 1988) currently recommend speech 
interference level (0.5, 1, 2, 4) as the best for predicting the masking 
potential of a noise.

A-Weighted Sound Pressure Level

The A-weighted sound pressure level is an uncomplicated and effective 
index of speech interference. The A-weighting process, like the articulation 
index and speech interference level, emphasises the middle frequencies, 
without completely omitting low and high frequencies.

This is an adequate index for assessing the interference-capacity of many 
noises. However, particularly for noises that are dominated by either low or 
high frequencies, such as the rumble of distant traffic or the hiss of 
compressed air, the Al provides more accurate prediction of speech 
intelligibility. The A-weighted sound pressure level is 8 dB higher, on 
average, than the speech interference level for a noise which produces a 
given level of interference (Klump and Webster, 1963; Kryter, 1970; Lazarus, 
1986, 1987), although this difference might vary substantially for unusual 
noises.

Speech Com m unication Outdoors

Figure 5.5 depicts the distances outdoors over which conversation is 
considered to be satisfactorily intelligible in steady noise (US EPA, 1974). It 
is based on the following assumptions and empirical observations:

■ at a distance of one metre from the speaker relaxed conversation occurs 
at a voice level of 54-56 dBA (Kryter, 1970; Pearsons et al., 1976). 
"Normal effort" voice levels, which are used when people wish to 
project their voices (Korn, 1954), are around 60 dBA and raised voice 
levels around 66 dBA. However, it should be noted that women's 
voices are often somewhat softer than men's;

■ for 100 %  sentence intelligibility the speech level should exceed the 
noise level by 15-18 dBA (see ISO 9921, 1988; Lazarus, 1990). When 
the speech level is equal to the noise level, intelligibility falls to 95 % , 
which is generally sufficient for reliable, although not necessarily 
comfortable, conversation;

• thus, relaxed speech is 100% intelligible against a noise level of 45 dBA 
and fairly intelligible against 55 dBA. "Normal effort" speech is fairly 
intelligible against noise levels of 60dBA; and
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■ the relationship between intelligible speech level and the distance from 
the speaker is given by the inverse square law. That is a doubling of the 
distance from the speaker requires an increase of 3dB (A) in speech level 
to maintain intelligibility.

Figur£ 5.5 Background  noise Level (d b a ) at w hich  Speech intelligibility is 
Satisfactory as a Function of Speaker-listener Distance for Relaxed, 
NORMAL VOICE AND RAISED VOICE CONVERSATION OUTDOORS.

Source: US EPA (1974b).
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Speech Communication Indoors

Noise-induced speech interference differs from interference outdoors, 
because of the influence of reverberations from reflections off the walls, 
floor, ceiling, and furniture. Noise or speech levels, rather than decreasing 
six decibels for each doubling of distance, may drop by only one or two 
decibels.

No simple formula exists to predict speech interference indoors. Often data 
from outdoors are used to predict acceptable noise levels for particular 
distances up to two metres, and up to eight metres for reverberation times 
below two seconds. Alternatively standards are set on the basis of noise 
levels that have previously been found acceptable in similar settings 
(Berglund and Lindvall, 1995).

Figure 5.6 (US EPA, 1974b) depicts the estimat'd sentence intelligibility, at 
speaker-listener distances greater than one metre, as a function of noise level 
in a typical living room. In order to achieve the 100% intelligibility which is 
considered desirable for indoor listening conditions background noise levels 
must be below 45 dBA. 95 percent intelligibility would be achieved against 
a background noise level of approximately 63 dBA.

The Speech Transmission Index (Houtgast, 1980) provides a model for 
evaluating speech intelligibility indoors given background noise and 
reverberation. A modulation transfer function quantifies the degree to which 
intensity fluctuations of speech are preserved from the speaker to the listener 
under such conditions. Scores on the speech transmission index range from 
zero to one and correlate with speech discrimination in various indoor 
conditions and languages (Houtgast and Steeneken, 1983; Humes, Dirks, 
Bell, Ahlstrom, and Kincaid, 1986).
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Steady level in dB (A )

Figure 5.6 norm al vo ice Sentence Intelligibility as a Function of -Background  
noise level (DBA) in a typical living ro o m .

Source: USE PA, 1974b.

Variables M oderating the Effects of Noise on Speech Com m unication

Noise-induced impairment of speech intelligibility may be particularly 
prevalent amongst certain groups; including the hearing impaired, the 
elderly, young children and people for whom the language being spoken is 
not their first (Dubno, Dirks, and Morgan, 1984; Elliot, 1979; Jokinen, 1973; 
Smoorenburg, 1992).

There is a more pronounced masking effect of noise on speech 
discrimination for hearing impaired individuals than for people with normal 
hearing, especially if the background noise consists largely of speech (Hygge, 
Ronnberg, Larsby, and Arlinger, 1992). Masking may be up to ten decibels 
greater for the hearing impaired, rendering a greater signal-to-noise ratio 
necessary for equivalent speech intelligibility. This may be due at least in 
part to the widening of the critical band that frequently accompanies a loss in 
sensorineural hearing. Hearing impaired individuals often experience a loss 
of frequency resolution (Bailey, 1983), which reduces their ability to identify 
distinct acoustical speech patterns in order to extract information from
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speech. Further, the combined effect of noise and reverberation is 
accentuated in the hearing impaired.

The masking effect of noise on speech may also be more pronounced for the 
elderly (Bergman, 1980; Duquesnoy, 1983). Even minor losses of high 
frequency hearing common in presbyacusis impair speech discrimination in 
noise. However, young children have also been found to require a more 
intense speech signal that adults to maintain equivalent sentence 
intelligibility (Elliot, 1982). These prerequisites are most important in 
language acquisition.

For individuals who are not familiar with the spoken language, such as 
children in the process of language acquisition (Nabelek and Robinson, 
1982) and second-language persons reduction of speech intelligibility due to 
noise may be exaggerated. A 5 to 10 dB larger signal-to-noise ratio may be 
needed for acceptable speech intelligibility.

Indirect Effects o f Noise on Speech Disturbance

Given that individuals with hearing impairment are more adversely affected 
by masking of speech, noise-induced hearing impairment could result in 
reduced speech intelligibility under noisy conditions. Distortions in 
loudness have been shown to contribute to reductions in speech 
intelligibility (Villchur, 1974).

Comments from the Proposed Third Runw ay Draft EIS and the Senate 
Select Com m ittee on Aircraft Noise in Sydney

According to Kinhill (1990) for speech of "normal vocal effort" with a 
speaker to listener distance of 2 meters intelligibility is 95% when aircraft 
noise is 65dB LAeq (cf. US Environmental Protection Agency, 1974). 
However, it was recognised that children require a stronger speech signal to 
understand speech as compared to young adults (Vipac Engineers and 
Scientists Ltd 1990) and that speech signals must be 25dB higher for children 
than for adults to maintain 100% intelligibility (Elliot, 1982).

Submissions to the Senate Select Committee on Aircraft Noise in Sydney 
(Senate Select Committee on Aircraft Noise in Sydney, 1995) were in 
keeping with the data reviewed above and in Kinhill (1990). Goldberg 
reported a correlation of the frequency of classroom speech disturbances 
with the ANEF rating of the zone in which the schools were located. Primary 
school children and children from non-English speaking backgrounds were 
most likely to be affected. Complaints discussed in the Senate Select 
Committee Report (Senate Select Committee on Aircraft Noise in Sydney, 
1995) relate to disturbance with conversation and listening to the television 
or radio. Conversation disturbance is reported to have a particularly negative 
impact in medical and educational institutions.

5.3.3 Interference with G eneral Tasks

Noise can affect performance if presented concurrently with the task or if 
prior exposure has led to lasting deficits. The influence of noise on task 
performance depends somewhat on the type of task. Tasks that demand
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continuous and sustained attention to detail or to multiple cues, or that 
require large working memory capacity tend to be adversely influenced by 
noise. Data pertaining to the impact of noise on industrial productivity are 
inconclusive.

For example, results from a joint four-country study show consistent 
worsening of performance after a change in sound pressure level of road 
traffic noise of about 10 dBA (Jurriens et al., 1983). Exposure to noise has 
consistently been found to produce deficits on immediately following tasks, 
such as proof-reading and persistence on challenging puzzles (for a review 
see Cohen, 1980).

M echanism  o f Noise-Induced Perform ance Deficits: D istraction and  
Arousal

Noise could be expected to interfere with task performance, because of its 
ability to act as a distracting stimulus, depending on the meaningful ness of 
the stimulus, various physical features of the noise, and the 
psychophysiological state of the individual.

The occurrence of a novel event tends to cause distraction and consequent 
interference with concurrently performed task. These effects diminish once 
the event becomes familiar. It has been shown experimentally that the onset 
of an unfamiliar noise functions as a novel event, as indeed does the sudden 
stopping of a familiar noise (Kryter, 1970, 1994; Class and Singer, 1972).

Noise stimulation can influence an individual's psychological and 
physiological arousal, and consequently performance. According to Hebb 
(1955), changes in stimulation activate areas of the cerebral cortex besides 
those directly involved in the appropriate cortical responses. This diffuse 
activity increases the individual's arousal. Optimal performance occurs at 
moderate arousal levels, but varies with the difficulty of the task, whereas 
extremely low or high arousal levels are associated with performance 
deficits. Thus, exposure to loud noise potentially increases or decreases task 
performance depending on previous arousal levels. Intense noise has been 
found improve performance in sleep deprived, tired individuals, even on 
tasks which are subject to significant interference by noise when performed 
by non-sleep-deprived individuals (Corcoran, 1967; Wilkinson, 1963).

Tasks Involving Motor Activities

Steady noise has minimal impact on many motor tasks once it has become 
familiar. For example tasks such as tracking or controlling tasks where 
average, rather than instantaneous, levels of performance are important do 
not suffer from concurrent exposure to continuous sound levels (Broadbent, 
1957; Kryter, 1970, 1994). Under such conditions it seems that noise is 
likely to reduce the accuracy rather than the total quantity of work 
(Broadbent, 1971). Many mechanical or repetitive tasks found in factory 
work would fall into this category. Exposure to moderate levels of noise may 
improve performance of monotonous tasks by elevating arousal. For 
example, McGrath (1963) observed an improvement in visual vigilance 
performance following exposure to auditory stimuli at 72 dBA.
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Tasks w ith High Attentional Demands

In tasks requiring sustained visual attention, noise exposure may not reduce 
overall levels of performance but brief periods of inefficiency are common. 
The errors which occur appear to result from a shift in response criteria rather 
than reduction of signal detectability; responses tend to be faster and are 
more often false alarms (Broadbent, 1981; Cohen et al., 1986).

Tasks which require continuous and careful monitoring of signals or cues (for 
example, warning systems) may be negatively affected. However, noise- 
induced elevation of arousal may increase alertness and thus produce better 
performance. Becker, Ami, Warm, Dember and Hancock (1995) examined 
the effects of intermittent jet craft noise on the performance of a 40 minute 
vigilance task involving feedback stimuli. Compared to subjects performing 
under quiet conditions, noise-exposed subjects profited less from feedback. 
The authors argue that this reflects interference with information processing.

Noise has a reliable and sustained effect on tasks that require attention to 
multiple cues, such as monitoring two different signals (Cohen et al., 1986; 
Smith, 1989). The task(s) which are of lesser importance on the basis of 
instructions or of expected payoffs, are marred by errors (Hockey, 1979), 
such as slow or absent responses to cues. This phenomenon is not a 
consequence of narrowed attention (Berglund and Lindvall, 1995), as 
formerly proposed.

Tasks w ith High Demands on Mem ory

Noise exposure introduces deficits in incidental memory (Cohen et al., 1986; 
Hockey, 1979; Jones, 1984). For example, amongst subjects presented with 
semantic information, noise exposure did not effect recall of the contents 
but reduced recall of the position of the word on the slide (Hockey, 1979). 
Noise-induced interference with helping behaviour may be related to 
inattention to incidental cues (Cohen and Lezak, 1977) or to other effect 
such as effects on mood.

"Subjects appear to process information faster in working memory during 
noisy performance conditions but at a cost of available memory capacity. For 
example, in a running memory task in which subjects are required to recall 
in sequence letters that they have just heard, subjects recall recent items 
better under noisy conditions but make more errors farther back into the list 
(Hockey, 1979)" (Berglund and Lindvall, 1995, p83). This finding is 
consistent with an arousal effect combined with variation in task difficulty. 
Lower arousal is optimal for more difficult tasks while higher arousal 
produces better performance on easier tasks (see Cofer and Appley, 1964, 
p520-529). Thus, Hockey's (1979) results appear to reflect a noise-induced 
increase in arousal with recall of recent items representing an easier task and 
recall of distant items difficult tasks.

Cognition and Reading in Children

Aircraft noise might be predicted to interfere with cognition and reading in 
children both by impairing acquisition, as a result of disturbing speech 
communication and concentration, and by impairing performance.
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Methodological Considerations

A methodological conundrum arises in research on the effects of noise on 
education in children: should the learning (acquisition) and or the testing 
(performance) be conducted in quiet or noisy conditions? Ignoring this issue 
is potentially of great detriment to research, especially if it is conducted in 
schools, which may vary substantially in noise exposure. The issue has 
generally been discussed in the context of distinguishing between learning 
(acquisition) and performance, with the claim being that testing under quiet 
conditions ensures that any observed deficits reflect poorer learning rather 
than poorer performance in noise affected children. An issue which has 
received relatively little attention is the distinction between present and past 
learning. For example, a deficit in learning a list to be recalled (rather than a 
deficit in performing the recall task) may due to noise interfering directly 
with the learning of that list or to, say, poorer reading skills as a result of 
noise interfering with prior learning. Conducting acquisition under quiet 
conditions may be regarded as a solution to this issue. It may seem obvious 
then that acquisition and testing should be conducted under quiet 
conditions. However, this approach has problems, and other approaches 
have been considered.

Consider first the case in which acquisition and testing are conducted in 
quiet conditions. This approach is often taken by the Hygge groups and the 
added control over experimental conditions is clearly of value. On the face 
of it, if children from noisy schools show deficits relative to children from 
quiet schools, it can be concluded that noise interfered with learning of the 
skills/knowledge necessary to acquire the skills/knowledge relevant to the 
experimental task. Since testing is performed under quiet conditions, deficits 
induced directly by noise should not be seen in performance. Since 
acquisition is performed under quiet conditions, deficits induced directly by 
noise should not be seen in acquisition. However, since the children from 
noisy schools have been exposed to noise when they were learning the 
skills/knowledge necessary to perform the experimental task, such as reading 
skills for example, they show deficits relative to children from quiet schools 
in the experimental task. There are, however, several difficulties with this 
interpretation. For example, the acquisition and performance of children 
from noisy schools may be impaired as a result of fatigue due to noise 
exposure. Further, the phenomenon of state dependent learning may 
disadvantage the children from noisy schools relative to those from quiet 
schools in the acquisition phase. Although conditions are physically 
equated for the children from quiet and noisy schools, they may have 
differential familiarity and arousal with the conditions. Children from noisy 
schools may be familiar with learning under noisy, but not quiet, conditions, 
and may have adapted their learning to a different arousal level, or may have 
adapted their arousal to particular noise levels. In contrast, scholastic 
pursuits are associated with quiet conditions and consequent arousal levels 
in the children from quiet schools.

Consider second the case in which acquisition and testing are conducted in 
noisy conditions. In this case it is difficult to establish whether any deficits 
observed in the children from noisy schools relative to the children from 
quiet schools are due to deficits in performance, current or past acquisition. 
This design also does not account for the influence of fatigue due to chronic
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noise exposure in the children from noisy schools. The confounding effects 
of familiarity and arousal will also present a problem with this design, only 
here it is the children from quiet schools for whom the experimental 
conditions are not familiar.

Consider third the case in which acquisition and testing are conducted in the 
conditions with which the children are familiar: quiet conditions for the 
children from quiet schools and noisy for the children from noisy schools. 
Again, it is difficult to establish whether any deficits observed in the children 
from noisy schools relative to the children from quiet schools are due to 
deficits in performance or deficits in acquisition during the experiment, or 
deficits arising prior to the experiment, which then effect the experiment. 
Again, there is no control for the influence of fatigue due to chronic noise 
exposure in the children from noisy schools. Whilst the confound of 
differential familiarity and arousal is removed, this approach introduces other 
problems. The influence of the experimental sound conditions and the 
influence of familiarity may be in opposite directions, may be additive or 
may interact, differentially for the two groups. That is, the familiar setting 
(noisy for noisy schools, and quiet for quiet schools) may help with the task, 
yet the absolute effects of noise may be to distract and so harm performance, 
or to activate and so aid performance.

Consider fourth the case in which the noise levels are changed from training 
to testing. Such a procedure adds the complexity of generalisation effects 
from training to testing without resolving the more basic issues above.

Consider finally the case in which both acquisition and testing are conducted 
under both quiet and noisy conditions. This is arguably the most informative 
approach in that it allows for examination of main effects and any 
interactions of conditions, while disambiguating the relative effects of noise 
on acquisition and performance and allowing investigation of the effects of 
familiarity and arousal. This approach has not generally been taken, with the 
result that our understanding of the effects of noise on the learning and 
performance of children is substantially incomplete. Further research is thus 
indicated.

Noise and Cognition and Reading in Children

Several cross-sectional studies and two longitudinal community studies 
demonstrate negative associations between chronic exposure to noise 
(mostly aircraft or road traffic) and deficits in cognition and reading among 
children (Cohen et al., 1986; Evans, 1990; Evans and LePore, 1993; Evans et 
a!., 1995; Evans, Bullinger, Hygge, Gutman, and Aziz, 1994; Hygge, 1993; 
Hygge, Bullinger, and Evans, 1993, 1994, 1996; Romero and Lliso, 1995). 
A reasonably consistent dose-response relationship between aircraft noise 
exposure and delay in reading acquisition has also been demonstrated 
(Green, Pasternack, and Shore, 1982a).

The impact of noise on cognition and reading in children has been examined 
in a combined cross-sectional and longitudinal community study before and 
after changes in the location of Munich airport (Evans et al, 1995; Evans et 
al., 1994; Hygge, 1993; Hygge et al., 1993, 1994, 1996). Before the closing 
of the old airport and the opening of the new airport children where assigned 
to groups on the basis of their current and forecasted noise exposure. Two
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experimental groups were comprised of children living near the old airport 
who were currently exposed to high levels of aircraft noise and children 
living near the new airport who were going to be, respectively. 
Sociodemographically matched control groups were comprised of children 
living near the old airport who were currently not exposed to high levels of 
aircraft noise, and children living near the new airport who were not going to 
become exposed to high levels of noise as a result of the opening of the new 
airport, respectively. The reading and cognition of these children was 
trained and tested under quiet conditions before the airport changeover 
(Stage 1), and again one and three years after the changeover (Stages 2 and 3, 
respectively). The forecast effects of the changeover on noise exposure 
levels was accurate for all groups except the new airport control group, for 
whom levels did increase slightly as a result of the airport opening (although 
they had not been expected to). In the vicinity of the old airport, children 
who had been chronically exposed to noise demonstrated significantly 
impaired in word-list reading and long-term (one day) text recall at Stage 1, 
but not Stages 2 and 3, testing relative to the control group. In the vicinity of 
the new airport, as would be predicted there were no significant differences 
between the experimental and control groups before the opening of the 
airport (Stage 1 testing). The reading and recall of these groups did not differ 
at Stage 2, but at Stage 3 testing significant differences were apparent for 
both tasks. Thus, the researchers concluded "for cognitive tasks requiring 
central processing...there are deficits for children chronically exposed to 
aircraft noise. However, when the chronic noise exposure ceases... the 
impairments heal within a couple of years. When chronic noise is 
introduced... it seems to take a couple of years for impairments to develop" 
(Hygge, 1996, p2191).

Chronic noise exposure may produce reading deficits in children by way of 
impairing their auditory discrimination. Cohen, Glass and Singer (1973) 
found deficits in auditory discrimination and reading in children exposed to 
noise at home but tested under quiet conditions. The association between 
ambient residential noise levels and reading deficits was largely accounted 
for by auditory discrimination deficits.

In class-room experiments with children, acute exposure to aircraft and road 
traffic noise, but not railway traffic noise and verbal noise, at 66 dB LAeq, 
was associated with significant impairment of long-term (one week) recall of 
text. For exposures at 55 dB LAeq aircraft noise exposure was associated 
with more impairment than road traffic noise (Hygge, 1993, 1994).

Several factors may increase the likelihood of noise-induced reading deficits. 
Children in the later elementary grades show stronger impairments, possibly 
due to having experienced longer exposure durations. Children exposed to 
noise both at school and at home are more likely to suffer reading deficits 
than those only exposed at school. Pre-existing speech or language 
difficulties may exaggerate the impact of noise on reading and cognition, 
possibly by increasing masking due to noise. Furthermore, a negative relation 
is suggested between noise levels in the home and cognitive development 
among infants and pre-school children (Evans, 1990; Wachs and Gruen, 
1982). However, the extent to which such differences are caused by noise 
versus other factors, such as possible differences in socio-economic status, is 
unknown.
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Noise and Productivity

Studies which have assessed the relationship between noise levels and 
productivity have frequently been poorly designed and have seldom found 
any adverse effects. However productivity in noisy industrial settings has 
been found to increase when ear protection is worn (Broadbent, 1971; 
Cohen, 1974; Smith, 1989).

Leisure Activities

Exposure to aircraft noise has been found to interfere with leisure activities 
(for example, Berglund et al., 1990; McKennell, 1973), including television 
viewing (Galloway and Bishop 1970) and listening to music (Hede and 
Bullen, 1982a). Such interference may contribute to negative reactions 
towards the noise.

In a community survey around several Australian airports (Hede and Bullen, 
1982a) activity disturbance was found to be the most common effect of 
aircraft noise. Figure 5.7 depicts the percentage of respondents reporting 
disturbance to various activities against noise level. (Noise level is expressed 
as NEF3, which refers to Noise Exposure Forecast, where Version 3 refers to 
a particular choice of time of day weightings (see Hede and Bullen, 1982a 
for details) The majority of respondents reported at least one of the various 
disturbances considered at levels even lower than 25 NEF. Disturbances to 
conversation and activities involving listening (television, radio, music) were 
most common.

Disturbance of leisure activities has also been observed with exposure to 
noise from other sources (for example, for railway noise: Ohrstrdm, 1996; for 
impulsive noise; Rylander and Lundquist, 1996)

Moderators o f the Effect of Noise on Task Perform ance

Activity disturbance is greater in areas in which noise is accompanied by 
vibration than in areas where there is noise alone (Ohrstrbm, 1996), thus 
raising the possibility that aircraft noise, with its strong low frequency 
component has the potential be more disturbing than sources which do not 
produce vibration or rattle.

The impact of the noise on task performance seems to be influenced 
substantially by uncontrollability of noise as well as by its intensity (see 
Cohen et al., 1986; Vipac Engineers and Scientists Ltd., 1990). Intermittent 
noises with a strong low frequency component, like aircraft noise, are also 
more likely to interfere with task performance (Vipac Engineers and 
Scientists, 1990).

Self-reported noise sensitivity has received attention as one potential 
moderator of the effects of noise on task performance. Highly noise sensitive 
subjects have been found to perform significantly more poorly in deep 
mental processing tasks under noisy conditions (for example, difficult mental 
arithmetic) than less noise sensitive subjects (Arvidsson and Lindvall, 1978; 
Belojevic, Ohrstrom, and Rylander, 1992).
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Figure 5.7 Percentage o f Respondents Reporting activity D isturbance as a 
Function of exposure to aircraft noise (NEF3).

Source: Hede and Bullen, 1982a.

Indirect Effects of Noise on Perform ance; the Effects o f Sleep and  
Speech Disturbance

Noise exposure may reduce task performance by causing fatigue, either 
through sleep loss (Berglund and Lindvall, 1995) or strain. Thus, Le Vere, 
Morlock, and Hart (1975) found decreased performance in a choice 
reaction/memory time test after nightly exposure to 24 80 dB LAeq aircraft 
noises (see also Le Vere, Bartus and Hart, 1972; Wilkinson and Campbell, 
1984). Similarly, Ohrstrom and Bjorkman (1988) found increased reaction
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time 3-choice task after subjects had been exposed to 57 truck noises at 60 
LA max overnight. Ohrstrom and Rylander (1982) found increased 3-choice 
reaction time after intermittent, but not continuous traffic noise. Wilkinson 
and Campbell (1984) found that double glazing improved the simple 
reaction time of subjects sleeping in their own homes. Further, after 
nighttime exposure to traffic noise at 60 dB LAmax slower reaction times 
were observed than following exposure at 50 dB LAmax (Ohrstrom and 
Rylander, 1990). In contrast, Carter and Ingham (1995) found no effect of 
overnight truck and traffic noise on performance on the Stroop test nor on 
the Wilkinson Many Sums test. Chiles and West (1972) found no 
deterioration in performance of tasks involving monitoring, mental 
arithmetic, and pattern discrimination following nightly exposure to 
simulated sonic booms (100 N/m2 at one hour intervals for 12 nights). No 
unambiguous influence of exposure to 80, 85, and 90 dBA tonal pulses 
(with a 22 second interval throughout 24 hours for 10 days) on various 
performance tests was observed by Cantrell (1974). Evoked response activity 
in EEC recordings were observed during sleep indicating detection of the 
noises.

It is also possible that noise exposure could interfere with task performance 
or acquisition by masking critical cues [see Section 5.2]. Thus, possible 
impairment of cognition and reading in children may be due at least in part 
to a learning deficit due to reduced intelligibility of teachers' speech.

Comments from the Proposed Third Runway Draft EIS and the Senate 
Select Com m ittee on Aircraft Noise in Sydney

Noise-induced disturbance of education, recreational and occupational 
activities received considerable attention in the Proposed Third Runway 
Sydney (Kingsford Smith) Airport Draft Environmental Impact Statement 
(Kinhill, 1990) and Report of the Senate Select Committee (Select Committee 
on Aircraft Noise in Sydney, 1995).

According to Kinhill (1990) continuous noise levels above 90dB interfere 
with "noise sensitive" tasks such as those requiring information gathering, 
vigilance and analytical processing. Interference was hypothesised to be 
more likely if noise is intermittent, unexpected, uncontrollable or has a high 
frequency component.

W ith regard to the impact of aircraft noise on educational activity, the 
Proposed Third Runway Sydney (Kingsford Smith) Airport Draft 
Environmental Impact Statement (Kinhill, 1990) referred to the conclusion of 
a review of relevant US data (Buntin, 1989), that the maximum noise level 
inside classrooms should not exceed 45 dB LAeq during a "worst case" hour, 
or 49 dB LAmax. The Australian Standard 2021-1985 recommendation that 
indoor levels remain below 55 dB LAmax in teaching and assembly areas 
and 50 dB LAmax in libraries and study areas was also presented. These 
recommendations do not account for the possibility that some learning 
deficits may at least in part reflect noise exposure outside school hours, 
reflecting, for example, noise-induced sleep disturbances.

Kinhill (1990) cited studies which have shown that children attending 
schools in high noise areas are more likely to have lower scores on aptitude
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tests (Kryter, 1985), to have below-grade reading ability (Green et al., 1982a), 
and to give up following failure and to be easily distracted (Cohen et al, 
1980). However, it is not clear whether these data reflea performance 
versus acquisition deficits and to what extent any such deficits result from 
exposure to noise outside school hours. The study of Cohen et al. (1980) 
was designed to test for an acquisition deficit in that children were tested 
under quiet conditions, so their performance should not have been impaired 
by noise. However, this raises the possibility that children from noisy 
schools performed more poorly due to state dependant learning; that is, 
skiils/knowledge acquired under noisy conditions may not generalise to 
testing under quiet conditions, whereas for children from quiet schools there 
was no such mismatch of learning versus testing conditions. The Proposed 
Third Runway Sydney (Kingsford Smith) Airport Draft Environmental Impact 
Statement (Kinhill, 1990) interpreted the finding of Cohen et al. (1980) as 
evidence for an im paa of noise on learning independent of speech 
disturbance. However, even if the observed deficits were due to impairment 
of acquisition rather than performance, impairment of acquisition may have 
been due, at least in part, to speech disturbance. Kinhill(1990) cites findings 
showing that also in pre-school children noise exposure is associated with 
impaired rate and quality of learning (Bronzhaft and McCarthy, 1975; Cohen 
et al, 1973; Cohen et al., 1980). In the Proposed Third Runway Sydney 
(Kingsford Smith) Airport Draft Environmental Impact Statement (Kinhill, 
1990) it was recognised that interference in learning may reflea difficulty 
concentrating, communicating, resting and sleeping due to noise.

According to the Report of the Senate Select Committee on Aircraft Noise in 
Sydney (Senate Select Committee on Aircraft Noise in Sydney, 1995) the 
Proposed Third Runway Sydney (Kingsford Smith) Airport Draft 
Environmental Impact Statement (Kinhill, 1990) presented evidence to 
suggest that:

■ students at schools exposed to aircraft noise had lower aptitude levels;

■ some retardation of reading achievement among children was found in 
two areas exposed to aircraft noise in New York;

• difficult tasks require more perseverance where there was unpredictable, 
persistent or uncontrollable noise, which may result in some students 
exposed to aircraft noise having difficulty concentrating, potentially 
undermining the quality of their work; and

■ concerns about the impaa of aircraft noise on pre-school children 
related mainly to communication and learning abilities.

According to the Senate Select Committee Report on Aircraft Noise in 
Sydney (Senate Selea Committee on Aircraft Noise in Sydney, 1995), the EIS 
Supplement acknowledged a d irea relationship between aircraft noise 
exposure and interruption of learning aaivities but asserted that there was no 
evidence for a long-term impaa on learning because "[experiments with 
school children often fail to find detrimental effects of noise on speed or 
accuracy of performance... or impairment of reading or math skill".

The Report of the Senate Selea Committee on Aircraft Noise in Sydney 
(Senate Selea Committee on Aircraft Noise in Sydney, 1995) focussed 
strongly on the potential impacts of aircraft noise on educational aaivities.
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The Committee heard submissions from principles, teachers and students that 
exposure to aircraft noise resulted in disturbance of communication during 
lessons, assemblies (and other ceremonies) and outdoor recreational 
activities, often making lessons were impracticable. Further, teachers 
reported increased distraction in students. Parents also expressed concerns 
about the education of their children. These submissions do identify that 
aircraft noise may disturb communication, thus making teaching difficult. 
They do not, however, constitute scientific data which examine the extent to 
which aircraft noise interferes with acquisition or performance in educational 
settings. Further studies are required to resolve this issue. Teachers also 
claimed that students who lived in noise affected areas were even more 
distracted than other students, lending credence to the hypothesis that 
exposure to noise outside school hours also interferes with education. The 
potential for noise-induced sleep disturbance to interfere with learning was 
also recognised in a submission from the Federation of Parents and Citizen's 
Associations of New South Wales. This should also be examined 
empirically. A few submissions recognised that children from non-English 
speaking backgrounds were likely to be particularly vulnerable.

The Report of the Senate Select Committee on Aircraft Noise in Sydney 
(Senate Select Committee on Aircraft Noise in Sydney, 1995) referred to a 
survey of teachers and students by Goldberg, in which a "very significant 
statistical correlation between the frequency of disturbance to 
communication, and the ... ANEF rating of the zone where the school was 
located" (Senate Select Committee on Aircraft Noise in Sydney, 1995, p i20). 
Primary school children and children from non-English speaking 
backgrounds were more likely to be adversely affected by aircraft noise. The 
Report presents these findings as evidence for disturbance of educational 
activities by aircraft noise. However, the study basically provides evidence 
for noise-induced speech disturbance and does not assess the impact of such 
disturbance on learning.

Kinhill (1990) also considered the potential of aircraft noise to disrupt leisure 
activities and the Sydney "outdoor culture". It referred to the Australian 
Standard 2107-1987 which recommends that noise levels in outdoor 
recreational areas not exceed 35-40 dB. The study focussed mainly on the 
impact on a few specific areas such as the recreational foreshore at Botany 
Bay. Consideration of more general impacts on the recreation of residents in 
noise affected areas was restricted to quoting the experience of several 
residents with interference of television viewing and conversations both on 
and off the telephone.

The Report of the Senate Select Committee on Aircraft Noise in Sydney 
(Senate Select Committee on Aircraft Noise in Sydney, 1995) received 
numerous complaints about disturbance of leisure activities due to aircraft 
noise. For example, people complained of interference with reading and 
listening activities such as conversation, listening to the radio and watching 
television. Disturbance of television watching is supposedly exacerbate as a 
result of picture distortion due to flyovers. Aircraft noise was also reported to 
have disrupted the outdoor culture that characterises the Sydney lifestyle. 
Thus, people complained of no longer being able to garden or entertain 
outdoors, particularly since such activities are not protected by noise 
mitigation measures such as home insulation. Again, these reports provide
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anecdotal evidence of noise-induced disruption of leisure activity, but do not 
provide an indication of the prevalence of such effects in the community nor 
of the extent to which these disturbances are due to aircraft noise rather than 
some other factor, such as road traffic noise.

Kinhill (1990) did not focus specifically on losses in productivity due to 
noise except to recognise the potential of noises above 90dBA to interfere 
with performance. It was claimed that disturbance depended on the morale 
and motivation of the person affected as well as the nature of the task, with 
routine tasks less likely to be affected. Consistent with these claims, the 
evidence suggests that certain (more difficult) tasks are more likely to be 
disturbed by aircraft noise.

The Report of the Senate Select Committee on Aircraft Noise in Sydney 
(Senate Select Committee on Aircraft Noise in Sydney, 1995) emphasised the 
potential of noise exposure to reduce productivity, mostly by way of 
disrupting sleep. That is, it was asserted that evidence suggests that noise 
can result in sleep loss, which in turn might result in degraded concentration 
and reduced performance at work. Further, sleep loss, noise induced stress 
and stress-related complaints were offered as potential causes for increased 
absenteeism. Noise-induced disturbance of concentration was held to be 
particularly detrimental to the work of surgeons, nurses and airline pilots. 
No evidence was offered for any of these assertions.

5.4 Reaction to Sound Exposure

5.4.1 Sound, Loudness, Noisiness and Reaction

The concepts of loudness, noisiness and "annoyingness" (a reaction) are 
distinct and differentiable (Berglund, Berglund, and Lindvall, 1975a, 1976; 
Heilman, 1982). However, it seems likely that they are related (Berglund et 
al., 1986; Peploe, Cook and Job, 1993). Nonetheless, the relationships 
between physical characteristics and judgements of perceptual characteristics 
such as loudness and evaluative judgements such as annoyingness is by no 
means simple, especially for complex sounds such as aircraft noise (Berglund 
and Job, 1996; Muller, Schmidt, and Paulsen, 1996; Preis, 1996)

Because noise is, by definition unwanted sound, an individual must react 
negatively to a sound in order for it to be perceived as noise. Thus the mere 
perception of noise is likely to be associated with a population reaction. A 
number of authors have suggested that perceived loudness may also be a 
critical determinant of reaction and indeed this is a hidden assumption in the 
formation of close-response of sound pressure level and reaction (Berglund, 
Berglund, and Lindvall, 1975a; Fasti, 1985; Fasti, Markus, and Nitsche, 
1985; Fasti and Yamada, 1986; Heilman, 1982; Heilman, 1985; Namba and 
Kuwano, 1984; Schick, 1981; Stassen, 1980; von Brennecke and Remmers, 
1983; Weber and Mellert, 1978). In a recent examination of perception of 
traffic noise (Parizet, Deumier, and Milland, 1996), loudness correlated at a 
level of 0.96 with annoyance (similar size correlations have been observed 
for aircraft noise; Bergland et al., 1975b). On closer examination of the data, 
two groups of subjects could be distinguished: those for whom there was a
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strong correlation between loudness and annoyance, and those for whom 
this correlation was weak. The authors concluded that some subjects based 
their judgement of annoyance on perceived loudness while others did not. 
However, a causal inference such as this is not warranted by correlational 
data, and only 15 subjects were tested. Muller et al. (1996) found that 
loudness and annoyance were correlated for a series of highway noises but 
not for a series of "environmental" noises including ticks of a clock, rustling 
paper, steps on a stone floor, a crying baby, and church bells. In addition to 
loudness, factors such as perceived intrusiveness and information content 
have also been found to influence annoyance. In response to complex 
sounds (Preis, 1996; Preis and Berglund, 1994).

Neither loudness, noisiness nor annoyingness is solely determined by sound 
pressure level (Preis, 1996; Zwicker, 1987), however both noisiness and 
annoyance are likely to be more influenced by non-acoustic factors than is 
loudness (Berglund and Lindvall, 1995). 'Perceived noisiness' as defined by 
kryter to be similar to annoyingness has been found to be a better predictor 
of the adverse reactions to sound than loudness (Kryter, 1970). Both 
perceived noise and perceived quietness may influence reactions such as 
annoyance (Guski, 1983).

5.4.2 Relevant Sound Indices

Reaction to sound is partially determined by the auditory experience it 
produces. Thus, in order to predict the reaction to a particular sound, it 
would be useful to have a model relating the physical characteristics of the 
sound to the auditory experience, and another relating the auditory 
experience to reaction. Development of such models has proved difficult 
because of the influence of a wide range of modifying variables operating at 
both stages. For example, not only characteristics of the sound determine 
the auditory experience.

A wide range of sound metrics have been constructed in an attempt to 
provide the most practical and accurate prediction of auditory experience 
and reaction.

It has been argued that measures like Leq and Lmax currently allow the best 
prediction of annoyance (Buchta, 1993; Vos and Geurtsen, 1987). For 
example, in an Australian study of the effects of aircraft noise on Royal 
Australian Air Force personnel in their working environment (Bullen et al., 
1985), reaction was found to be predicted as well by Leq and NEF as any 
other indice used. However, this result arises at least in part from the high 
correlations between the various noise metrics and indices. LAeq is now 
widely used in standards and legislation throughout the world as the basis on 
which to develop a dose-response relationship for community noise 
annoyance, as well as regulation in relation to hearing impairment (ISO 
1989, 1990).

However, whilst LAeq is particularly useful for steady and broadband noise, 
it is unsuitable for comparing reactions to two different noise sources (Fields 
and Walker, 1982; Gjestland and Oftedal, 1980). In order to improve 
prediction of reaction for various noise characteristics and sources, LAeq is 
often modified by way of "penalty" factors to account for the effects of
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tonality, impulsiveness, low-frequency components, modulation, time of day 
(day, evening, night), noise source (for example, aircraft, road traffic, 
industrial source) and type of neighbourhood (for example, rural, suburban, 
commercial). Background noise may also be considered in its own right 
(Fields, 1993a), but may also be a factor in the measurement of noise 
exposure (for example, Bullen et al., 1991).

Noise indices based on other than equivalent sound pressure level and its 
derivatives may also be important in prediction of reaction. For example, 
maximum sound level and number of events or total duration above a 
particular sound level have also been shown to be relevant (for example, 
Lambert, Champelovier, and Vernet, 1996).

5.4.3 Dose-Response Relationship

Negative reaction to noise may occur in the majority of urban inhabitants, 
and is likely to affect a greater proportion of the population than other overt 
impacts of sound exposure (Berglund and Lindvall, 1995).

Reaction to sound exposure has been examined in over 300 community 
surveys (Fields, 1991, 1993b), most of which have focussed on the 
relationship between annoyance and sound pressure level. These surveys 
generally identify a relatively high positive correlation (greater than 0.8) 
between sound exposure and reaction, independently of which dose scale 
was employed and which noise source was considered (for example, Finke, 
Guski, and Rohrmann, 1980; McKennell, 1963, 1980; M IL Research Ltd, 
1971; TRACOR, 1971; for review see Job, 1988a), indicating that that the 
noise indices provide a useful guide to the prediction of reaction. This is 
shown in Tables 5.2 and 5.3.

Australian community surveys of reaction to aircraft (Hede and Bullen, 
1982a; Job et al., 1991), a rifle range (Hede and Bullen, 1982b), road traffic 
(Brown, 1987), quarry blasting (Murray and Avery, 1984), power stations 
(Job and Hede, 1989), and artillery (Bullen et al., 1991) noise, have 
produced results which are not inconsistent with those from overseas in 
terms of noise reaction correlations (see Job, 1988a; but see Bradley, 1996 
for some differences in levels of reaction from country to country) (see Table 
5.4). Thus, data from other countries appear to apply to Australia although 
cultural and climatic differences which may, for example, influence opening 
or closing of windows and noise insulation of the home may in turn 
influence reaction.
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Correlations Between reaction and noise Exposure from  Com m unity  
Surveys in Several Countries for noise from  a Variety of Sources for 
Individual and  G rouped Data.

S tu d y C o u n try
T y p e  o f  

N o ise
S am ple

size
C o rre la tio n : 

In d iv id u a l d a ta
C orre la tion : 
G ro u p  da ta

B o n k y , 1983 U SA A irc ra f t 942 0 .38
B rad ley , 1978 C an iH a R oad 1130 0 .5 0 0.85
B rad ley  a n d  Jo n ah , 1979 C an ad a R oad 300 0  49
B ullen  a n d  H ede, 1984 A u stra lia A rtil le ry 1626 0 .22 0.57
B ullen  i t  a t., I98S A u stra lia A irc ra ft 624 0 .58
F id d l e r  at., 1983 U SA Q u a rry  b lasting 1042 0.75
F ie ld s  a n d  W alk er , 1982 U .K . R ailw ay 1433 0 .4 6
G a m b a r t  e r at., 1976 Belgium R oad 247 0.61 0.94
G a rc ia , 1983 Spain R o ad 430 0 .56
G ra n d je a n  e r a t , 1973 S w itze rland A irc ra ft 3939 0 .5 9 0.95
G ra n d je a n  t t a l . ,  1973 S w itze rland R o ad 944 0 .43
G riffith s  a n d  L angdon , 1968 U .K . R oad 1000 0 .2 9 0.88
G riffith s  e r a / . ,  1980 U .K . R oad 222 0 4 4 0 .86
H a ll e r a / ,  1979 C an ad a A irc ra ft

(g en e ra l a v ia tio n )
292 0.84

H all e r a / ,  1979 C an ad a A irc ra ft
(c o m m e rc ia l a v ia t io n )

673 0.68

H a ll e r a / . ,  1979 C an ad a R o ad 292 0 5 6
H e d e  a n d  B ullen . 1982a A u stra lia A irc ra f t 3575 0 .3 6 0.84
H e d e  a n d  B ullen , 1982b A u stra lia R ifle ran g e 201 0 .29 0.95
K a ra p c rm an . 1960 U SA Sonic  boom 2000 0.96
L an g d o n , 1976 U .K . R o ad 1359 0  21 0  85
L arg e  a n d  L u d lo w . 197S U .K . C o n s tru c tio n 535 0  52
L arg e  a n d  L u d lo w . 197S U .K . R oad 535 0 .38
M cK en n e ll, 1963 a n d  1973 U .K . A irc ra ft 1731 0 .4 6 0.99
M c K e n n d l,  1978 U .K A irc ra ft 

( s u p e rso n ic )
2500  + 0 .2 6

M o e h le ra n d  K n a ll, 1983 G erm any R oad 525 0.66
M o ch le r a n d  K n a ll, 1983 G erm any R ailw ay 525 0.94
M IL  R esearch , 1971 U .K . A irc ra ft 4699 0 .4 0
M u rra y  a n d  A v e ry , 1984 A u stra lia Q u a rry  b lasting 170 0 .29 0  89
R o h rm a n n  ei o L , 1973 G erm any A irc ra ft 660 0 .5 6
R y la n d e r  e r a / . ,  1972 Sw eden A irc ra ft 2900 0  78
R y la n d e r  e r a / ,  1976 Sw eden R oad 811 0  78
S ch o m cr, 1983 U SA A irc ra ft 231 0 .8 9 '
S c h u c m e r a n d  S c h u e m e r-K o h rs , 1983 G erm an y R o ad 1516 0 .5 2
S c h u c m e r a n d  S ch u c m c r-K o h rs , 1983 G erm any R ailw ay 1316 0 .4 6
S eshag iri, 1979 C anada D ro p  forg ing 609 0 .3 0
S h ibuya  e t  <il., 1973 Japan R o ad 939 0  36
S orensen  a n d  M agnusson , 1979 Sw eden R ifle

R ange
323 0 .99

T a y lo r  e r a / ,  1980 C anada A irc ra ft 21 0 .4 0
T R A C O R , 1971 

M ean
S ta n d a rd  d ev ia tion

U SA A irc ra ft 3590

1196
1154

0 .3 7

0 4 2
0 .1 2

0.82
0.14

* Calculated from data given.

Source: Job, 1988a.
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table 5.3 Average (and Standard Deviation) of Correlations Between 
Reaction and  Exposure to road . A ircraft, Impulsive and  Rail Noise
FOR INDIVIDUAL AND GROUPED DATA

Noise source

Correlation: Individual data Correlation: Group data

Mean s.d. Mean s.d.

Road 0.42 0.12 0.77 0.M
Aircraft 0.46 0.12 0.85 0.10
Impulsive 028 0.04 0.83 0.17
Rail 046 0.00 0.94 0.00

Source: Job, 1988a.

Table 5.4 average (and Standard Deviation) of Correlations Between 
reaction and  noise Exposure from  com m unity  surveys in Australia, 
Canada, G ermany, Sweden , Switzerland, united  kin g d o m , and USA 
for Individual and  G rouped Data

Correlation: Individual data Correlation: Group data

Country Mean s.d. Mean s.d.

Australia 0.35 0.14 0.81 0.17
Canada 0.42 009 0.73 0.14
G e r m a n y O .S I 0 .0 5 0 .8 0 0.20
Sweden A,. 0.85 0.12
Switzerland 0.51 0.11 - If
United Kingdom 0.38 0.10 0.90 0.06
USA 0.48 0.15 0.87 0.11

Source: Job, 1988a.

An extensive community study around Sydney, Richmond, Adelaide, Perth 
and Melbourne airports examined the relationship between exposure and 
reaction (Hede and Bullen, 1982a). The "general reaction" index was 
comprised of items relating to "affectedness", "dissatisfaction", annoyance, 
activity disturbance, complaint disposition, fear of crashes, and perceived 
impact of aircraft noise of health. Individuals were considered to be 
"seriously affected" if they scored above 8 on the general reaction index. 
NEF3 correlated significantly with the percentage of the population 
"seriously affected" (r-0.733). The relationship of Ldn with the percentage 
of the population "seriously affected" is presented in Figure 5.8.

Similarly, annoyance with traffic noise has been found to correlate with 
residential traffic noise exposure (for examples see, Bradley and Jonah, 1979; 
Garcia, 1983; Grandjean, Graf, Lauber, Meier, and Muller, 1973; Langdon, 
1976; Rylander, Sorensen, and Kajland, 1976) detected a high correlation 
between Leq and annoyance for urban traffic noise. Laboratory studies have 
also demonstrated that road traffic Leq influences annoyance (Rasmussen, 
1979; Labiale, 1983). However, Leq has been found to correlate relatively 
poorly with annoyance for heavy vehicle noise (Rylander, Sorensen, and 
Kajland, 1976). Re-evaluation of relevant data by a working group of the

Pace 5-86 PPK Environment & Infrastructure Pty Ltd



Potential Noise Impacts - Chapter 5

Figure 5.8

Source:

ISO suggests that annoyance correlates with Leq for traffic-noise exposure 
(Sandberg, 1993).

NOISE EXPOSURE ( NEF 3 )

PERCENTAGE OF RESPONDENTS "MODERATELY AFFECTED" OR "SERIOUSLY 
AFFECTED" AS A FUNCTION OF EXPOSURE TO AIRCRAFT NOISE (NEF3) FOR 
CLUSTERED DATA.
Hede and Bullen, 1982a.

A number of attempts have been made to synthesise community survey data 
in order to establish the association between prevalence of reported 
annoyance and noise exposure from various transportation sources. Schultz 
(1978) offered the first classic synthesis, employing data from a dozen 
community questionnaire surveys. The dose-response relationship, in terms 
of day-night average sound level (Ldn expressed in dBA) and percentage of 
respondents "highly annoyed", respectively, was found to be best described 
by the third-order polynomial function depicted in Figure 5.9.

The Australian aircraft noise data presented in Figure 5.8 are only poorly 
matched by synthesis curve produced by Schultz (1978). Hede and Bullen 
(1982a) argued that the discrepancy results at least in part from the difference 
between their definition of "seriously affected" and Schultz' definition of
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"highly annoyed". When reaction was defined more stringently in keeping 
with Schultz' definition of "highly annoyed", the relationship with Ldn 
depicted in Figure 5.10 was observed. Thus represented the Australian data 
are reasonably well fitted by Schultz' (1-978) curve.

F igure 5.9 Percentage of Respondents "H ighly an n o yed " as a Function of 
Exposure to G eneral transportation noise (d b a  Ldn ) according  to
THE LAST SQUARES QUADRATIC FIT AND THE THIRD-ORDER POLYNOMIAL FIT 
(SCHULTZ, 1978).

Source: Fidell et al, 1991.
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Percentage of Respondents "H ighly anno yed " as a  Function o f 
Exposure to aircraft noise (NEF3) for Clustered Data.
Shaded Area Covers 90% of the Data Points Given by Schultz (1978).
Hede and Bullen, 1982a.

Fidell, Barber and Schultz, (1991) have since updated the original synthesis 
by incorporating data from 15 subsequent studies including the study by 
Hede and Bullen (1982a), thus tripling the number of data points originally 
employed (see Figure 5.9 and also Fields, 1994). Whilst Schultz' (1978) 
dose-response function was found still to provide a reasonable fit to the data, 
a second-order function was also appropriate.

In general, these syntheses support the hypothesis that there is a steady 
increase in annoyance with sound pressure level, with no clear

o
" co
o

F igure 5.10

Note:
Source:

------- 1 |---
a  S Y D N E Y  

. o R IC H M O N D  

■  A D E L A I D E  
a  P E R T H  

'  □  M E L B O U R N E
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discontinuities which could serve as a basis for setting limits to noise 
exposure. The syntheses suggest that sound exposures with Ldn less than 55 
dB are likely to cause minimal annoyance in many cases. However, it is 
important that these relationships not be applied outside their intended 
ranges (Fidell et al., 1991). It is also important to appreciate the spread of 
data points contributing to these syntheses which suggest that it may be 
useful to include a measure of variance around any selected level.

Since Schultz (1978) published the single dose-response curve to describe 
the relationship between annoyance and exposure to transportation noise 
from a range of sources, its adequacy has been debated. A refined curve was 
offered by Kryter (1982, 1983) and commented on by Schultz (1982b). 
Miedema (1993; see also Bradley, 1994; Fields, 1994) also performed meta
analysis of data from several studies involving mobile (aircraft, highway and 
other road traffic and railway noise) as well as stationary sources (impulse 
noise as well as non-impulse).

The difficulty with comparing the outcome of these various syntheses is the 
use of different selection criteria as well as the fact that different approaches 
to reanalysis of the same data can produce quite different findings. Figure 
5.11 depicts the dose-response curves produced by different analyses of the 
same data.

A general caution with synthesis of various studies of noise reaction is that 
the differences between the results from these studies not be ignored. Whilst 
some of these differences may be the result of measurement "errors" due to 
the use of different techniques of assessing either (or both) noise exposure 
and reaction, they may also reflect real differences in the noise-reaction 
relationship from one situation and for one individual to another (Hall, 
1984).

Perhaps the primary limitation of the Schultz (1978) dose-response function 
and its update (Fidell et al., 1991), is the assumption that the same function 
is valid for different sources of transportation noise (road, rail, aircraft), and 
perhaps non-transport noise as well. However, examination of this 
assumption within one study (Hall et al., 1981; van Kamp, 1990) revealed a 
greater reaction to aircraft than to traffic noise at the same noise level (but see 
De Jong et al., 1995). In an Australian study, a greater percentage of 
respondents were at least moderately annoyed by aircraft noise than by noise 
from other sources (including traffic, trains, garbage collection, lawn mowers, 
domestic pets, road works, neighbours television) at noise levels above NEF3 
20 (Hede and Bullen, 1982a) (see Figure 5.12). Miedema's (1993) meta
analysis further undermines the assumption; for equal Ldn, aircraft noise and 
highway noise are more annoying than other road traffic noise, which in turn 
is more annoying than railway noise (trains, tramsKsee also, Miedema, 1987; 
Mohler, 1988; but see Yano et al., 1996a). Further, impulse noise is more 
annoying than any transportation noise, especially at low levels (Miedema, 
1993). However, on the basis of a review of the relevant literature, Job 
(1988a) concluded that the correlations between noise exposure and 
reaction are comparable for the various noise sources with the exception of 
impulsive noise. Nonetheless, these findings are not inconsistent, and 
indicate that a similar proportion of reaction is predictable from noise 
exposure for various non-impulsive noises even though the functions relating
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noise and reactions may differ across sources. A dose-response curve 
specifically for aircraft noise (Bradley, 1994) suggested that 15% of a 
population w ill be highly annoyed when exposed to 56 dB LAdn, whereas 
the Schultz (1978) curve suggested that a noise level of 65 dB LAdn is 
required for 15% of the population to be highly annoyed. This comparison 
further supports the possibility that aircraft noise causes more reaction than 
does road or rail noise.

dP

Model
Cubic

(Schultz, 1978) 
Logistic 
(Federal.., 1992) 

Exponential Error 
(Fidell, et. al., 1991)

F igure 5.11 Percentage of respondents "H ighly anno yed " as a function  of 
Exposure to General transportation noise (dBA ldn ) according  to 
a  C u b ic  Fu n c t io n  (Sc h u l t z , 1978), a n  e x p o n e n t ia l  e r r o r  F u n c t io n  
(Fidell et al., 1991), a Logistic Function (Federal, 1992) Fit to the 
Same Data (Fidell et al., i 989).

Source: Fields, 1994.
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Source: Hede and Bullen, 1982a.

It is conceivable that situational factors other than noise source cause the 
noise-reaction relationship to vary from one study to another. Thus, the data 
points from which dose-response functions are derived (for example, Fidell et 
al., 1991, Kryter, 1982, 1983; Miedema, 1993; Schultz, 1978) are so 
scattered as to cast doubt on the reliability of predictions of reaction to a 
certain noise exposure on the basis of the mean curve.

It is also critical that within-study differences in the reactions of individuals 
and communities not be overlooked (see Figures 5.9, 5.10 and 5.11).
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Intersubject variability in reaction is relatively low at low sound pressure 
levels but very high at moderate and intense sound pressure levels (Fields, 
1983, 1993b), and the correlation coefficient between noise exposure and 
individual annoyance has varied from 0.21 (Langdon, 1976) to 0.64 
(Lambert, Simonnet, and Vallet, 1984) with an average of 0.42 (Job, 1988a). 
Sound pressure levels typically predict only 10 to 30% (on average 18%) of 
the variability in the annoyance responses of individuals (lob, 1988a). 
Communities have also been found to vary considerably in their reaction to 
the same sound level. Differences may be as great as the equivalent of a 15 
dB difference in sound pressure level, with an average standard deviation of 
the equivalent of a 6 dB difference (Fields, 1983).

This low correlation between exposure and individual and community 
reaction result partially from invalid or inaccurate measurement of noise 
and/or reaction, or from a failure to consider confounding or moderating 
variables. It is important to recognise many factors besides noise exposure 
(for example, noise sensitivity, attitude to the noise source, etc) may 
influence reaction, such that prediction of reaction cannot be based on noise 
measures alone.

Finally, it is important that the existence of such dose-response functions 
does not promote the view that total exposure is the most critical aspect of 
noise in the determination of reaction, or that annoyance is remotely all of 
noise reaction. The number of noise events has been found to influence 
reaction (BjOrkman, 1988, 1991; Labiale, 1983; Rasmussen, 1979; Rylander, 
Sjostedt, and BjOrkman, 1977; Rylander, BjOrkman, Ahrlin, and Berglund, 
1980) as has maximum level. Evidence suggests that complex indices 
(comprised of annoyance as well as a range of other outcomes including 
complaint disposition, and activity disturbance) and indices phrased in more 
general terms (for example "dissatisfaction" and "affectedness") provide a 
more valid and reliable measure of annoyance (Job, 1993; Job et al., 1996)

5.4.4 B ehavioural Reactions to  Noise

Means o f Avoiding or Coping w ith Noise Exposure

Residents in a noise area have several ways of coping with its impact. They 
can:

■ improve the noise insulation of buildings (for example, by adding 
double glazing, insulating the roof, installing seals around doors and 
windows;

• use the noise insulating properties of buildings to a greater extent (for 
example, by closing windows);

■ try to change their judgements about the environment or redefine their 
personal needs and attitudes;

■ try to change their activities in a way that reduces the impact of the 
noise (for example, sleeping in airport curfew hours, turn up the 
television volume, engage in less noise sensitive activities);
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■ try to change the rooms in which activities occur (for example, by 
moving bedrooms to the less noise-affected side of the residence);

• try to influence the source by protest activities (such as complaints by 
letters, phone calls or personal visits to authorities, formation of citizen 
movements, participation in rallies/demonstrations, and running judicial 
processes); and

■ move to a less noise affected area.

These processes may ultimately lead to consequences for the individuals and 
for the society.

Changes to the Physical Environment and Use of Insulation

Adoption of noise mitigation measures, such as installing home insulation, 
closing windows or changing the position of rooms in the house (according 
to the sensitivity of their function to noise), constitute an element of reaction 
to noise exposure. However, adoption of such measures may be impeded 
by perceived or actual limitations in their efficacy or convenience.

Data from a community survey conducted by Babischet al. (1996) suggest 
the potential efficacy of closing windows for reducing disturbance by noise. 
Amongst women living in the inner city streets, with windows open 74% 
report disturbance of relaxation, 68% with communication, and 58% with 
sleep. W ith windows closed the corresponding percentages are much 
reduced (20%, 16%, and 17%, respectively). A recent survey of a small 
group of residents in Sydney before and after the installation of home 
insulation (Narang, Butler, Schull, and Job, 1995) suggested that the 
insulation was effective in reducing activity disturbance and negative 
reaction. For example, before the insulation was installed 100% of the 
sample reported disturbance to indoor relaxation, outdoor relaxation, 
conversation and watching television or listening to music. After the 
installation the corresponding figures were reduced to 20%, 10%, 40% and 
20%. Prior to home insulation, 92.3% of respondents were highly annoyed 
and 7.7% were considerably annoyed. Following the installation of 
insulation, 50% were highly annoyed, 30% considerably annoyed and 10% 
moderately annoyed. 100% of the sample rated their dissatisfaction in the 
highest 4 categories, whereas afterward only 58.3% of respondents rated 
their dissatisfaction in this range. However, this study was based on a small 
sample and was conducted over a short period of time. Longer term 
followup is required before such benefits of insulation can be predicted with 
confidence. For example, seasonal variations in the desire to have windows 
and doors open and consideration of the costs of artificial ventilation could 
not be considered in the time frame of the study. Home insulation has been 
found to achieve a reduction in annoyance consonant with the amount of 
sound it eliminates only when the amount of sound elimination is above a 
certain threshold (Bitter and Willigers, 1980). Peeters, de Jong and Tukker 
(1981) found annoyance with railway noise to be virtually independent of 
the home insulation qualities. Insulation may be of limited efficacy in 
reducing annoyance because outside and inside sound exposure are both 
important in determining annoyance and people often undermine their 
insulation, for example by not closing windows.
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Studies which have examined inside and outside noise levels are 
uncommon. In such studies reaction may be more closely related to outside 
noise level than to inside level. For example, TRACOR (1971) observed 
reaction correlated at 0.37 versus 0.21 with outside and inside levels, 
respectively in Phase 1. In Phase 2 the respective correlations were 0.49 
versus 0.25. W hile not tested by TRACOR, the difference in the correlation 
of reaction with indoor versus outdoor levels, was statistically significant (see 
Job, 1988a, p994). An Australian study of reaction to aircraft noise on RAAF 
bases revealed that whether reaction was best related to inside or to outside 
noise levels was itself determined by whether the building occupants could 
open/close windows and doors to influence the noise level (Job et al., 1985, 
1991).

People often prefer to leave their windows open, especially at night, in order 
to have fresh air, pleasant temperatures and a sense of freedom. For 
example, 66 %  of residents in the vicinity of Heathrow and Gatwick airports 
were found to sleep with open windows, regardless of whether their homes 
were insulated (DORA, 1980). Individuals tend not to close their windows 
before they go to bed unless they suffer sleep disturbance (Taylor, 1984). 
This might explain the paradoxical finding that annoyance is sometimes 
greater amongst people who sleep with their windows closed than those 
who do not. They may be annoyed about having to close their windows or 
by their sleep disturbance. Narang et al. (1995) found that approximately 
80% of their sample (residents in a high noise area) reported closing doors or 
windows that they would otherwise keep open both before and after the 
installation of home insulation. Whilst 80% were satisfied with the effects of 
home insulation in the bedroom, less than 50% were satisfied with the 
effects in the kitchen or living and dining areas.

Modification of Activities or Their Location

In a community survey of the impacts of environmental noise (including 
transport noise) Schulte-Fortkamp (1996) found that individuals sought to 
manage interference due to noise by "predominantly using those rooms in 
the house in which outside environmental noise...is least perceptible, turning 
up radios and television sets..., turning on music to mask the outside 
environmental noise’ (p2353). Respondents also reported determining the 
function of certain rooms on the basis of the noise in those rooms (Schulte- 
Fortkamp, 1996). In a community survey of residents in a noise affected area 
Narang et al. (1995) found that 76.9% of the sample reported turning up the 
television or radio etc in order to cope with the noise. Moving to quieter 
rooms or staying in doors more were reported by 23.1% and 69% of 
respondents respectively. Following the installation of home insulation the 
proportion of the sample who reported turning up the T.V. etc. was reduced 
to 40%. The number of people who reported moving to quieter areas 
increased to 80%, suggesting that the insulation increased appeal of this 
solution. The frequency of staying indoors as a solution did not change or 
created greater defferentials in noise across the various rooms.

Complaint and Protest

Individuals may endeavour to cope with exposure to noise by engaging in 
protest activities or complaining to governmental agencies.
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Noise is one of the environmental issues which most frequently causes 
public protest and complaint (Rohrmann, 1990b). It has certainly caused 
considerable protest with the introduction of the third runway at Sydney 
airport (Carter, Job, Peploe, Taylor and Morrell, 1996). However, typically 
only five to 10% of exposed residents ever protest or complain. Further, the 
number of complaints made is poorly correlated to noise exposure (Avery 
1982; McKennell, 1963, 1980; McKennell and Hunt, 1961; Schiimer and 
Zeichart, 1989; TRACOR 1971) possibly due to the influence of factors such 
as education, self-confidence, political orientation, or belief that complaints 
w ill have any influence.

Hede and Bullen (1982a) found that the correlation of noise exposure with 
"active complaint" (such as direct approach to the authoritiesHcorrelation 
coefficient of 0.09) was lower than with general reaction (correlation 
coefficient of 0.28). "Passive complaint" (such as signing a petition) had a 
higher correlation with noise exposure (correlation coefficient of 0.19), 
possibly because petitioners concentrate their activities in high noise areas. 
Complaints may also be seen as a form of coping (Lercher, 1996a).

Residency Decisions

Exposure to noise may influence peoples' decisions about where they live, 
both in terms of moving in and moving out (Michelson, 1980; Rohrmann, 
1991).

Field studies have identified that noise exposure is often considered in 
moving or housing decisions (Bullen et al., 1985; Rohrmann, 1991; 
Schiimer-Kohrs and Schiimer, 1974). However it has only moderate 
influence on eventual behaviour, probably because of the overriding 
influence of economic and social factors (for example, see Landale and 
Guest, 1985), such as financial, occupational or family constraints.

Further, in selecting a new residence people appear either to underestimate 
the impacts of noise exposure, or overestimate their ability to cope with it. 
However, even with these unrealistic expectations, people appear to self 
select for noise sensitivity, so that community dissatisfaction may be 
decreased by increasing noise awareness of individuals considering moving 
to the affected area (Berglund and Lindvall, 1995). Consistent with this 
possibility is the not uncommon finding of a negative correlation between 
residents' noise exposure levels and their noise sensitivity (for example, 
-0.28: Langdon, 1976; -0.13: Hede and Bullen, 1982b).

Interestingly, amongst people who recently moved into a noise affected area 
(length of residence less than one year) previous knowledge and expectations 
about the noise levels in the area explained 19% of variance in general 
reaction, compared to the 6%  explained by noise exposure (Hede and 
Bullen, 1982a). Apart from the possibility that prior expectations modify 
reaction, this finding may reflect the fact that people who were previously 
aware of the problem are likely only to have moved to the area if they are 
not noise sensitive. Alternatively, subjects who have reported having a 
strong negative reaction may feel obliged to account for this by claiming the 
noise was unexpected (Hede and Bullen, 1982a). Such issues are not really 
resolved in community surveys.
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Social Behaviour

Some evidence suggests that noise exposure may potentate aggression and 
reduce helpfulness. Noise exposure has been found to result in extreme 
judgements of others {Siegel and Steele, 1980) and to exaggerate aggression 
due to provocation or pre-existing anger/hostility Cones and Chapman, 1984; 
Konecni, 1975).

It has been suggested that both during and immediately following noise 
exposure willingness to help is lowered (Korte and Grant, 1980; Korte, 
Ympa, and Toppen, 1975; Mathews and Canon, 1975; Page, 1977). Noise- 
induced interference with helping behavior may be related to inattention to 
incidental cues (Cohen and Lezak, 1977).

5.4.5 Moderating Variables of the Impact of Noise on 
Annoyance and D issatisfaction

A number of acoustical, psychological and situational factors have been 
proposed to account for the substantial variation observed in individual 
reaction (Fields, 1993b; Gunn, 1987; Job, 1988a; Langdon, 1987).

Fields (1993b) evaluated the evidence on 22 personal and situational 
explanations for reaction to environmental noise in residential areas by 
conducting a metaanalysis of the findings from 136 surveys conducted up 
until 1988 which were deemed to meet the following criteria for quality. 
Questions on annoyance were required to appear in the context of questions 
about noise around the home and inquire about the respondent's overall 
current feelings about noise from a specified source. Questions did not have 
to be phrased in terms of annoyance. For example, "bothersomeness" was 
also considered, although complaint disposition and activity disturbance 
were not. Methods were required to ensure that the effects of the 
moderating variables in question could not be confounded with the effects of 
other variables or of variations in measurement. Analysis was required to 
remove the influence of noise exposure. Analysis was also required to assess 
the impact of the variable in terms of whether the annoyance scores of the 
subgroups formed by the moderating variable differed by the equivalent of 3 
dBA, differed by 5%  of total annoyance, or of whether the moderating 
variable explains at least 1 %  of the variance in annoyance scores. W hilst the 
studies reviewed considered reaction to noise from a variety of sources, 
many of them considered aircraft noise in particular. Thus, the findings are 
likely to be applicable in the present context. Fields' (1993b) meta-analysis 
is included in the discussion of various moderating variables in the following 
sections.

Characteristics of the Sound

Sound characteristics which may influence reaction include its intensity and 
its spectral, temporal, and impulsive characteristics. The characteristic which 
is critical may vary across reaction and noise source. For example, reaction 
to aircraft noise may be primarily determined by sound pressure level, 
whereas reaction to noise from a typewriter may be primarily determined by 
features of their temporal pattern (Berglund, Berglund, and Lindvall, 1976).
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Maximum Sound Level

Whilst equivalent sound pressure level (or derivatives of it) has been the 
most commonly used noise metric for the purposes of establishing the impact 
of noise on reaction, another measure of sound intensity may be relevant.

Laboratory and field studies on annoyance after exposure to noise from 
aircraft, road traffic, train, shooting ranges, construction, blasting and artillery 
ranges demonstrate that general annoyance and personal perceptions of the 
exposure situation are highly related to the sound pressure level from the 
noisiest events (trucks, noisiest aircraft type, etc.). For example, annoyance 
with sound generated by heavy vehicles has been found to correlate strongly 
with maximum sound pressure levels (Langdon, 1976; Rylander et al., 1976), 
but not Leq (Rylander et al., 1976). Annoyance with aircraft noise was more 
closely associated with Lmax than to energy equivalent levels in some 
community studies (for example, Bjorkman, Ahrlin, and Rylander, 1992). 
However, many other studies have revealed as closer relationship to energy 
equivalent levels than to maximum levels (aircraft; Hede and Bullen, 1982a; 
Bullen et al., 1985; for a review see Fields, 1984). In studies of impulsive 
noise equal energy and peak levels may not differ significantly in the 
prediction of reaction (for example, Bullen et al., 1991) and reanalysis of 
noise-reaction relationships in terms of an equal energy unit have also 
proven viable (Bullen and Job, 1985).

Low Frequency Noise and Vibration

There is evidence that loudness judgements and annoyance reactions are 
greater for sounds with low frequency components than other sounds with 
equal sound pressure level independently of which weighting scheme is 
employed (Berglund et al., 1996; Goldstein, 1994. Interestingly, Walker and 
Chan (1996) examined annoyance with two low frequency stimuli, one with 
a peak at 50F1z and one with a peak at 80Hz and found the latter to be more 
annoying. In contrast, Fuchs, Verzini and Skarp (1996) found that tones at 
10Hz, 20Hz, 40Hz were judged less favourably than were tones at 80Hz 
when all tones were roughly 25 dB above hearing threshold. The following 
reasons have been proposed to account for the greater annoyance produced 
by low frequency sound (Lindberg and Backteman, 1988):

■ strong low-frequency components produced by aircraft may rattle doors, 
windows, and other contents of houses. These secondary physical 
sound sources may be at least as annoying as the original noise. Further 
the vibration itself may be annoying or disturbing, thus increasing 
observed annoyance (Bullen et al., 1991; Griffin, 1990; Howarth and 
Griffin, 1990; Kastka and Paulsen, 1991; Kryter, 1985, 1994; Meloni 
and Kruger, 1990; Ohrstrom, 1996; Ohrstrdm and Skanberg, 1996; Sato, 
1993; Yano et al., 1996b);

• low-frequency components above certain intensity and frequency 
thresholds can result in a feeling of vibration and/or static pressure in the 
head, ears, neck, shoulders, back and feet (see Berglund et al., 1996; 
Fuchs et al, 1996); and
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■ low-firequencies produce periodic masking effects in medium and higher 
frequencies, and thus can potentially interfere with speech 
communication.

The tendency of low frequency sound to be more annoying than high 
frequency sound may partially explain the finding of greater reaction to 
aircraft noise than to road noise and this in a study which compared the two 
sources directly (Hall et al., 1981; see also Miedema, 1993). Aircraft sound 
has a stronger low frequency component than does road traffic noise.

Respondents of an Australian community survey, when given a choice as to 
which aspect of aircraft noise they find most "bothersome", elect "loudness", 
rather than the "low roar" or the "high pitched whine" of the engine (Hede 
and Bullen, 1982a). Nonetheless, this study did identify reaction to rattle or 
vibration caused by low frequency noise to be a significant component of 
reaction.

Impulsive Noise

Community studies of reaction to artillery ranges (Bullen et al., 1991; Vos, 
1996), rifle ranges (Buchta, 1996; Hede and Bullen, 1982; Jakobsen and 
Plovsing, 1996; Rylander and Lundquist, 1996; Sbrensen and Magnusson, 
1979), drop forging (Seshagiri, 1979), explosives (Buchta, 1996; Fidel!, 
Horonjeff, Schultz, and Teffeteller, 1983; Murray and Avery, 1984; Schomer 
and Sias, 1996) and sonic booms (Rylander et al., 1974; Schomer and Sias, 
1996) suggest that reaction to impulsive noise differs from reaction to non- 
impulsive noises in a variety of ways (for reviews see Job, 1988a; Rice, 
1996). Firstly, greater reactions have been found for impulsive noises. Thus, 
Bullen et al. (1991) reported that the level of artillery noise required to 
produce a given level of reaction was about 30 dBA lower than the level of 
intermittent noise required. The difference was not as great if the sound 
exposure was expressed in terms of C-weighted Leq (see also Schomer, 
1981). Second, there is greater individual variation in reaction to exposure to 
impulsive noise than for other sources, which does not appear to be due to 
less accurate measurement of noise exposure (Job, 1988a). These differences 
between reactions to impulsive and non-impulsive noise are poorly 
understood.

Nonetheless, there are also similarities: reaction to impulsive noise is 
reasonably well predicted by equal energy noise indices (see Bullen and Job, 
1985; Bullen et al., 1991), and is also influenced by attitude and noise 
sensitivity.

Number of Noise Events

The many investigations of the impact of the number of noise events on 
annoyance with sound from aircraft, road traffic, train, shooting ranges, and 
artillery ranges (Bjorkman, 1991; Bullen and Hede, 1986; Fields, 1984; 
Fields and Powell, 1985; Lambert et al., 1996; Rylander etal., 1980) indicate 
that annoyance is influenced by the number of events (in a specified period) 
up to a threshold above which an increase in the number of events has no 
further impact.
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Findings from a longitudinal study of changes in reaction in response to 
changes in the operation of Dusseldorf airport reported by Kastka, Mau, 
Muth and Siegmann (1996) suggest the importance of the number of noise 
events. Residents from 25 sample points in the vicinity of the single flight 
path, categorised according to the distance of their residence from the flight 
path into "close", "middle distance", "far" or "horizon" groups, were 
interviewed in 1987 (n-499) and again in 1995 (n-750). Sound level 
measurements were made at each of the 25 sample points on both 
occasions. During the intervening period a near doubling of the number of 
aircrafts occurred, whilst the average intensity of each movement decreased 
as a consequence of fleet modernisation. In both 1987 and 1995, the 
percentage of respondents highly annoyed by the noise correlated 
significantly with both noise exposure (1987: r-  0.74, 1995: r-  0.91) and 
distance from the flight path (1987; r — 0.74, 1995: r— 0.84), which were 
strongly correlated with one another (1987: r-  -0.94, 1995: r-  -0.93). 
However, the dose-response relationship for 1987 was "flatter" than that for 
1995. The percentage of respondents highly annoyed by aircraft noise 
increased from 1987 to 1995 in the "close" and "middle distance" areas, but 
not in the "far" or "horizon" areas. The increase in public actions against the 
noise (10% of respondents in 1987 to 21 %  of respondents in 1995) occurred 
mainly in "close" (24% to 49% of respondents) and "middle distance" (11 %  
to 34% of respondents) areas. One plausible interpretation of these findings 
emphasises the importance of number of noise events. The reduction in 
intensity of each noise event may result in some proportion of noise events 
remaining below background noise levels in distant but not near areas. 
Thus, whilst average sound pressure levels w ill increase to an equivalent 
extent in near and distant areas, the increase in number of noise events may 
only be experienced in near areas. Thus reaction increases in near but not 
distant areas. An alternative interpretation of these data is that people 
became more environmentally aware, or for other reasons, react more to 
noise in 1995 than in 1987.

Evidence suggests that the number of noise events influences annoyance 
over and above the influence of sound pressure levels. For example, in a 
recent community study, annoyance with aircraft noise was in fact found to 
be more closely related to the number of noise events above 70 dBA than 
Laeq (Bjdrkman et al., 1992). However, this study is somewhat exceptional. 
In regression analysis the number of events has been found to add to, but not 
alone surpass, the prediction of annoyance afforded by equal energy units 
(Bullen and Hede, 1986; Bullen et al., 1991). Fields (1984) performed a 
meta-analysis on the data from eight surveys and concluded that whilst Leq 
provides the best estimate of noise-induced annoyance, the number of noise 
events also influences reaction. In keeping with this conclusion the 
influence of the number of noise events (n) on percentage of annoyed 
subjects (%s) may be expressed by the formula:

%s - LA + k log (n) (1)

where LA is A-weighted sound level and the value of k can vary within -3.7 
to +23.8 depending on the type of noise event index being used (Fields, 
1984).
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There is virtually no evidence regarding reactions to very infrequent noise 
events, such as might be expected at a small airport. An experimental study 
of reaction to as few as one helicopter noise event per day suggested that 
under such circumstances reactions are largely predicted by Leq (Fields and 
Powell, 1985).

Time Course of Noise Events

A number of aspects of the temporal pattern of sound events may also be 
critical to reaction.

It has been suggested that traffic noise annoyance depends not only upon the 
average or typical sound pressure level but also upon the magnitude of the 
fluctuation, and the Traffic Noise Index (TNI) was developed accordingly 
(Griffiths and Langdon, 1968). However, these findings may not be readily 
applicable to aircraft overflights, which do not provide a fluctuating 
background hum, but rather are discreet events. NNI (Noise Number Index) 
may be more appropriate for such sources.

Some evidence suggests that reaction may be influenced by whether sound is 
time-limited, depending on sound intensity. Thus, time-limited noises like 
those from pile drivers, jack hammers, and typewriters, are relatively more 
annoying than aircraft noise at low sound pressure levels (below 50 dB 
LAmax). However, at high sound pressure levels the reverse is true 
(Berglund et al., 1976; see also Holmberg, Landstrom, Kjellberg and Tesarz, 
1996).

The duration of certain noise exposures may be critical to their influence on 
reaction. For example, annoyance with a dog barking at night may depend 
on the duration of the barking (see Berglund and Lindvall, 1995). This may 
simply reflect the equal energy principle in that longer duration corresponds 
to more exposure to energy from the sound source, although the role of 
informal content cannot be discounted.

The distribution of noise in a given period (for example, a day, a month, a 
year) may also be critical in determining reaction to it. Thus, in an 
investigation of annoyance caused by low frequency sounds from artillery 
fire, Vos (1992) found that respondents experienced less annoyance the 
more the shooting was restricted to a smaller number of days or evenings per 
year, within limits.

Day-and-Night Noise Exposures

The time of day at which a sound occurs is also thought to influence reaction 
to it. Sounds which occur in the evening or at night are often found to cause 
more annoyance than acoustically similar sounds which occur during the 
daytime (for example, Ohrstrom, 1996; Ryiander and Lundquist, 1996; 
Sattler and Rott, 1996). A meta-analysis of ten studies with a total of 22,000 
respondents supported this assumption (Fields, 1985, 1986). However, the 
size of difference in reaction to a particular sound at night versus during the 
day cannot be specified with accuracy.

Many cumulative noise indices, such as the Ldn and Noise Exposure Forecast 
(NEF), incorporate a "penalty" weighting of 10 dB for nighttime noise
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(usually between 7pm and 7am, unless an evening period is defined). Some 
indices also include a weighting of 5 dB for sounds which occur during the 
evening (usually between 7 and 10 p.m.). Bullen and Hede (1983) found 
that residents in the vicinity of an airport estimate the need for non
interference of noise to be most important between 6 and 9 p.m. Lambert et 
al. (1996), suggest that the noise index which w ill best predict annoyance 
differs for different times of day, with most relevant for daytime noise and the 
number of noise events or the length of time over 70 dBA most relevant for 
the evening.

There are a number of reasons why nighttime sound may be particularly 
annoying. Firstly, nighttime noise might produce sleep disturbance. Second, 
the impact of nighttime noise on a variety of outcomes may be exacerbated 
because it is superimposed on lower background noise levels than those 
typical during the daytime (partially due to decreased indoor activity). 
Indeed, at low levels of background noise the annoyance from the noise 
source increases (Berglund and Lindvall, 1995).

Situational Variables

A number of situational variables may influence reaction to noise, including 
personalised exposure, whether there has been a recent change in noise 
exposure or whether the noise is from a number of sources.

Personalised Exposure

According to a metaanalysis of five relevant studies (Fields, 1993b), only one 
supported the hypothesis that annoyance is increased by the number of 
hours the residents are at home. This finding may reflect the possibility that 
exposure away to the same source from the home may be equivalent to or 
greater than exposure at home, if the relevant respondents spend much of 
their time away from home in a place where they are exposed to the same 
noises. Further, Fields (1993) suggested that it "may also be that annoyance 
is governed by feelings during the time at home and is not diminished by the 
amount of time that a noisy home environment can be avoided" (p2758). 
This suggestion, along with the importance of outside noise level in 
determining reaction, is consistent with the possibility that attitude to the 
noise "bombardment" of the home is a critical factor of reaction (see Job, 
1988a, 1993).

It has, however been stressed that the noise dose received at work increases 
the annoyance expressed with the noise at home (Bertoni, et al., 1993).

Isolation from the noise, in terms of home insulation, the presence of air- 
conditioners, orientation of important rooms away from the noise source, 
time spent outdoors, or the extent to which outdoor activity is facilitated by 
the climate, was shown by 82% of eleven relevant studies to be associated 
with lower annoyance (Fields, 1993b; see also Ohrstrom, 1993a). Two 
studies found that annoyance decreased after the installation of home 
insulation in comparison to the annoyance measured before the change. 
However, this finding could reflea a "placebo effea" brought about by the 
residents' knowledge of the installation of insulation (Fields, 1993b). Narang 
et al., (1995) found that although the installation of insulation appeared to 
produce substantial improvements in terms of activity disturbance and
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reaction, more than half of the respondents reported that having the 
windows closed or open made not difference to the insulation. This finding 
is consistent with the view that knowledge of the insulation's presence, 
rather than its presence per se, produced much of its positive effects.

Annoyance Before and After Intervention or Cnange in Noise Levels

Studies have consistently demonstrated that the reaction produced by a 
change in noise level is often greater than would be expected from the 
change in noise exposure alone (Kastka, 1980; Langdon and Griffiths, 1982; 
Brown, 1987; Brown et al., 1985; Raw and Griffiths, 1985; Griffiths and 
Raw, 1986, 1989; Job, 1988b; for a synthesis see Fields, 1992, 1993b). 
Thus, the increase in community dissatisfaction that could be expected to 
result from commencement of aircraft operations at a new airport would be 
greater than predicted on the basis of dose-response relationships for 
unchanged noise exposure. Similarly, noise abatement measures might 
produce a greater decrease in dissatisfaction than would be expected from 
the magnitude of the noise exposure reduction. The size of this additional 
decrease in reaction corresponds to about 5 dB for aircraft and 10 dB for 
road traffic noise (LAeq). For example, in a community survey involving 
3,400 residents in German towns Kastka (1980; in vallet, 1996) found that 
the reduction in annoyance with traffic noise in response to a reduction of 
only 1 dB LAeq was equivalent to a reduction of 6-14 dB LAeq. This finding 
may reflect increased regularity of traffic flow and efficient advertising 
campaigns (Vallet, 1996).

In Fields’ (1993b) meta-analysis, 80% of relevant and quality surveys 
supported the hypothesis that people overreact (report more annoyance than 
would be predicted for an existing noise of the same level) to an increase in 
noise exposure. 50% of relevant and quality surveys supported the 
hypothesis that people overreact to a reduction in noise levels (with 38% 
showing no important effect, and 12% showing an important effect in the 
opposite direction).

A number of explanations of this phenomenon have been proposed. The 
most obvious explanation, that reaction habituates (Brown et al., 1985), is 
unlikely to provide a complete account of the over-reaction effect (Job et al., 
1996). Firstly, evidence suggests that there is minimal habituation in 
reaction to noise (Griffiths and Raw, 1989; Weinstein, 1982). In Fields' 
meta-analysis, 50% of findings support the hypothesis that with time 
annoyance with a new source decreases, however, 33% of studies revealed 
an important effect in the opposite direction. Nonetheless, some effects of 
sleep do appear to habituate and the failure to detect habituation may be due 
to habituation already having taken place before the relevant studies began 
(see Section 8).

Some data also suggest the possibility that people make changes which help 
them cope with the noise (such as installing insulation or changing the 
function of more noise exposed roomsHfor example see Raw and Griffiths, 
1990; Schulte-Fortkamp, 1996). In a population which has been chronically 
exposed to high noise these adjustments have already occurred and so when 
the noise is reduced it is heard even less than it would be by people who 
have not needed to made such adjustments due to having resided in the low
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noise areas. Conversely, when people have not made such adjustments 
because they have not been exposed to high levels of noise, but become 
exposed, they are then functionally exposed to more noise than a population 
adjusted to high noise levels (see Raw and Griffiths, 1990).

It should be noted that most studies cited in this review are of populations 
which are likely to have already adjusted to noise physiologically and 
behaviourally. Thus, reaction to noise outlined in this review is reaction at 
this adjusted level. It should not be anticipated that reaction w ill reduce 
with time to a level below the levels predicted here. Rather, a greater level 
of reaction should be expected for at least several years after an increase in 
noise expsoure.

Overreaction to changes in noise exposure may also reflect changed 
expectations due to the change in noise exposure itself, changed attitudes to 
the noise source (Job, 1988a, 1988b), or influence of the change on response 
criteria. Job (1988b) suggested that changes resulting in increased noise 
exposure may be fuel for negative attitudes toward the noise source, being 
seen as evidence that those in charge of the noise source are not concerned 
about the noise or are not doing enough about it. Given the apparent role of 
attitude in determining reaction, (see Section 5.4.4) this may result in a 
potentiation of negative reaction to the new exposure level. In contrast, 
changes which result in reduced noise exposure, may improve attitudes 
toward the noise source, with a consequent exaggeration of the reduction in 
reaction.

The finding that overall or nighttime noise annoyance changed in only 2 %  of 
a population experiencing large changes in noise levels due to the complete 
abolition of nightime flights around Los Angeles airport (Fidell and Jones, 
1973), has been attributed to testing before changes in reaction had occurred 
(Vallet, 1996).

Very small changes in noise levels may not be detected. For example, Fidell, 
Silvati and Pearsons (1996) reported that a large majority of respondents 
around Saettle-Tacoma airport noticed either no change or increases in 
aircraft noise, despite reductions of approximately 1.5 dB Ldn in the previous 
two years. They conclude that there is "little reason to believe that decreases 
of 1.5 to 3 dB in aircraft noise occurring over an extended period are likely 
to be noticed in airport neighbourhoods". It is not known whether the same 
is true of increases. It is possible that this change was not noticed when 
others have been, because it was not publicised. Any publicised change to 
airport operations may make aircraft noise more topical and more noticed. 
For example, Vamada and Kaku (1996) investigated changes in a reaction as 
a result of a reduction of noise levels in the environs of Osaka International 
Airport following the 1994 opening of Kansai International Airport elsewhere 
in the city. Respondents in areas where noise levels had dropped by 3-5 dB 
were interviewed in 1995 and asked whether aircraft noise "became 
quieter", stayed "the same as before", or "became noisier" since the opening 
of Kansai. A greater percentage respondents thought aircraft had become 
quieter (72%) or had stayed the same (22%) than thought it was noisier (1 % ) 
(5%  either did not answer or reported difficulty determining if or how levels 
had changed).
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Gestland, Granoien and Liasjo (1995) also performed a study in which small 
increases in noise did not produce an increase in negative reaction, and 
tended to have the opposite effect. However, these findings may be 
explicable in terms of the attitude toward the military aircraft noise. 
Gjestland et al (1995a, 1995b) measured reaction to noise in the vicinity of a 
combined civil and military airports before and after two, two to three week, 
training exercises, during which noise exposure levels increased by 
approximately 6 dB. Measurements during the training exercise were 
conducted for exercise one only. Respondents were grouped into 5 db 
exposure zones according to their baseline (non-training exercise period) 
exposure levels. The increase in noise levels appeared not to influence 
spontaneous mention of aircraft noise as a disliked feature of their 
neighbourhoods, nor the percentage of respondents who when asked how 
annoyed they were by aircraft noise replied that they were "very annoyed". 
Thus, the annoyance ratings during the first exercise were equal to ratings 
before the exercise for the majority of respondents, which may reflect a 
response bias toward not reporting a difference. More respondents were less 
concerned during than before the exercise, than were more concerned 
during than before the exercise. For the second exercise, most respondents 
were equally annoyed by aircraft noise before and after the exercise. More 
respondents were less annoyed than were more annoyed by noise after 
compared to before the exercise. These findings would seem to confirm the 
importance of attitude in determining reaction (see Section 6.5.3.1). The 
tendency for greater annoyance before than during or after the exercises may 
reflect apprehension prior to their commencement or may reflect the 
possibility that people enjoyed the exercises, treating them like an airshow 
(Gjestland, 1995, personal communication). The positive attitudes may also 
have reflected positive opinions about the (erroneously) anticipated use of 
the aircraft in a very popular war effort (the Gulf War). Knowledge that the 
increases in noise were temporary is also likely to have tempered reaction.

Another seemingly anomalous finding is the observation of increased 
reaction in the face of decreases in equivalent and average maximum sound 
pressure levels. A recent study of reaction to aircraft noise has been 
conducted in the vicinity of Dusseldorf airport, where noise levels have 
decreased by 0.5 dB Leq per year and average maximum levels have 
decreased, since 1985 (Kastka, 1995). The percentage of residents who are 
highly annoyed has nonetheless increased from 29% in 1987 to 45% in 
1993, perhaps due to an increasing number of events.

Annoyance of Noise from joint Sources - Role of Background Noise Levels

In the community, noise generally derives from a number of sources at any 
given time (Vos, 1992). People are generally able to distinguish noises from 
different sources within compound signals, but sometimes mistake one 
source for another (Berglund, Berglund, and Lindvall, 1980). This issue may 
be relevant to a new airport in that the airport noise w ill be added to existing 
noises., and the airport operation may add to other noises (for example, 
increased ground transport noise).

Researchers have proposed a range of models to predict the perceived 
loudness of compound noises (Berglund, Berglund, Goldstein, and Lindvall, 
1981; Diamond and Rice, 1987; Heilman, 1982; Ollerhead, 1980; Powell,
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1978, 1979; Rice and Izumi, 1984; Taylor, 1982; Vos, 1992; for a review 
see Ronnebaum, Schulte-Fortkamp, and Weber, 1996). For example, 
according to the vector summation model the perceived loudness of the 
compound noise is given by the summed loudness of the masked constituent 
noises. A dominance model states that the loudness of the compound noise 
equals the loudness of the component noise which is loudest when heard 
alone. According to Vos' (1992) model, for combinations in which 
annoyance with noise from one source is substantially higher than 
annoyance with noise from other sources, it is the annoyance from the most 
annoying source which determines total annoyance. For combinations in 
which annoyance with noise from each source is approximately equivalent, 
the total noise annoyance is about 45 dB LAeq greater than the annoyance 
from the most annoying source (see also Solberg, 1996).

Laboratory data indicate that annoyance with compound noises may be 
predicted reasonably accurately using a dominance model, provided none of 
the constituent noises have strong tonal components. Nonetheless, 
Miedema (1987) argued that it is not yet possible to dismiss the possibility 
that annoyance with a compound is greater than the maximum of the ratings 
from the individual sources.

The accuracy of the dominance model is consistent with the conclusion of a 
meta-analysis of annoyance surveys that the annoyance with a target noise in 
background noise is mostly unaffected by the background (ambient) noise 
(Fields, 1993a, 1993b, 1996a). Fields (1996a) concluded from an analysis of 
57,000 responses to 35 target noises by approximately 35, 000 respondents 
in 20 community noise surveys, that a 20 dB increase in ambient noise 
exposure is predicted to effect reaction no more than a 1 dB increase in 
target noise. Thus, the concerns of Fairfield Residents Against Airport Noise 
(1996) that the impact of aircraft noise may be higher in areas with low levels 
of background noise seems to be unwarranted with regard to noise reaction. 
Nonetheless, Fields (1996a) acknowledged that this prediction is somewhat 
imprecise, such that the impact of 20 dB increase in ambient level may in 
fact be equivalent to a 3 dB increase in target. Further, investigation of a 
wider range of ambient noise levels than has been studied to date may reveal 
a larger effect (Fields, 1993b). in laboratory studies, annoyance with a noise 
of given intensity has been found to be greater with low background noise 
than with high background noise (for example, Walker and Chan, 1996). 
The failure to observe this effect in field studies may reflect the fact that the 
potential impact of low background noise per se may be countered by the 
ameliorating impact of factors associated with it, such as increased 
neighbourhood satisfaction. Further, sound level meters may be influenced 
by background noise, thus overestimating the target noise (and thus 
annoyance with the target noise) in areas with high background noise.

W hich noise of a compound is perceived as loudest or most annoying not 
only depends on the intensities of the constituents (Berglund, 1981; 
Berglund et al., 1980), as might be expected from the fact that even for 
simple noises neither loudness nor reaction depends only on intensity. For 
example, in areas exposed both to aircraft and traffic noise, 'overall 
annoyance' is most influenced by aircraft noise (Diamond and Rice, 1987; 
Diamond and Walker, 1986) consistent with the claim that aircraft noise is 
more annoying than traffic noise (Miedema, 1993).

Pace 5-106 PPK Environment & Inerastructure Pty Ltd



Potential Noise Impacts - Chapter 5

Ind ividual Differences and Dem ographic Variables

A substantial body of evidence suggests that more variation in reaction to 
noise is explained by person factors than by acoustic features of the sound 
(Berglund and Lindvall, 1995; Job, 1993).

These person factors include, attitude to the noise source (Bullen et al., 
1985; Cederlof, Jonsson, and Sdrensen, 1967; Fields, 1993b; Fields and 
Walker, 1982; Job, 1988a; TRACOR, 1971), information conveyed by the 
noise, fear of the health/safety impacts of the noise and its source, noise 
sensitivity (for example, Fields, 1990; Finke, Guski, and Rohrmann, 1980; 
Gunn, 1987; Job, 1988a; McKennell, 1980; McKennell and Hunt, 1961; 
Rohrmann, Schumer, Schumer-Kohrs, Finke, and Guski, 1973), living 
conditions, socio-economic status, individual needs (for example, sleep, rest) 
and tastes (for example, loud music). Demographic variables such as age 
and gender do not appear to be influential (Fields, 1993b).

Job (1988a) in a review of community surveys of reaction to noise compared 
the correlation of reaction with noise to the correlation of reaction with 
attitude to the noise and its source (with and without noise controlled) and 
with sensitivity (with and without noise controlled). The correlation of noise 
with attitude and sensitivity was also considered. The reviewed data are 
presented in Table 5.5 and will be discussed in the ensuing sections.

table 5.5a Correlations of noise w ith  reaction , of attitude w ith  n o ise, an d  of
ATTITUDE WITH REACTION (BOTH WITH AND WITHOUT NOISE CONTROLLED), 
FOR A VARIETY OF NOISE SOURCES

Study Noise Source Noise/Reaction Noise/Attitude Reaction/Attitude Reaction/Attitude: 
Noise controlled

Borsky (1983) Aircraft 0.58 0.26
Bullen et al. (1986) 
Hede & Bullen (1982a)

Aircraft 0.36 0.22 068 -

Bullen & Hede (1984) Artillery 0.22 0.10 0.55 -

Bullen et al. (1985) 
Dankittikul et al. 
(1993)
Dankittikul et al. 
(1993)

Aircraft 
Road (japan)

Road (Thai)

0.58
0.49

0.23

0.21
n.s

n.s

0.45
-

Fields & Walker 
(1982)

Railway 0.36 - - 0.50

Garcia et al. (1993) Aircraft 0 32 0.27 - .

Hede & Bullen 
(1982b)

Rifle range 0.29 0.11 0.78 *

job & Hede (1989) Power stations 0.19 0.04 0.43 -

Lagdon (1976) Road 0.21 - - -

Large & Ludlow (1978) Construction 0.52 0.12 0.34
Lopez-Barrio & Carles 
(1993)

Road 0.30 - “ -

McKennell 91978) Super-sonic
aircraft

0.26 “ 0.42 -

McKennell (1963/73) 
Nivison & Endresen 
(1993)

Aircraft
Road

0.46
n.s

0.11 0.35 0.34

Nixon & Borsky (1965) Sonic boom - - sig- -

O'Laughlin et al. 
(1986)

Rifle range 0.06 - 0.54 •

Schuemer & 
Schuemer-Kors (1983)

Railway 0.46 ■ 0.20 “
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Study Noise Source Noise/Readion Noise/Attitude Reaction/Attitude Reaction/Attitude: 
Noise controlled

Schuemer & Road 0.52 0.22 •

Schuemer-Kors (1983)
Stansfeld (1992) Aircraft - - - .
Stansfeld (1992) Road * .

Tarnopolsky et al. Aircraft S'R- • - _
(1978)
van Dongen (1980) Road 0.30 • . - .
Wolsink & Sprengers Wind turbine 0.09 - n.s -
(1993)
Yanoet al. (1991) Road 0.27 • -
Mean 0.34 0.15 0.44 0.42
s.d. 0.15 0.08 0.18 0.11
number of cases 22 8 12 2

Source: Job, 1994.

Table 5.5b Co rrelatio ns o f noise w ith  reaction , o f sensitivity w ith  n o ise, and  
OF sensitiv ity  w ith  reaction  (both  w ith  and  w it h o u t  no ise 
co ntro lled ), fo r a variety of no ise sources

Study Noise
Source

Noise/
Reaction

Noise/
Sensitivly

Reaction/
Sensitivity

Reaction/ 
Sensitivity: 

Nosie Controlled

Sensitivity It 
Noise/Rcaction

Borsky (1983) Aircraft 0.56 - 0.15 - -

Bullen et al. 
(1986) Hede & 
Bullen (1982a)

Aircraft 0.36 -0.03 0.35

Bullen & Hede 
(1984)

Artillery 0.22 0.01 0.33 •

Bullen eta al. 
(1985)

Aircraft 0.56 0.01 0.26

Dankitlikul et al. 
(1993)

Road (Japan) 0.49 n.s

Dankitlikul et al. 
(1993)

Road (Thai) 0.23 sig. -

Fields & Walker 
(1982)

Railway 0.46 0.45

Garcia et al. 
(1993)

Aircraft 0.32 - - -

Hede & Bullen 
(1982b)

Rifle range 0.29 -0.13 0.21 - 0.30

Job & Hede 
(1969)

Power
stations

0.19 0.05 0.18 - -

Langdon (1976) Road 0.21 -0.28 - -0.08 0.45

Large & Ludlow
(1976)

Construction 0.52 0.01 0.31 -

Lopez-Barrlo & 
Carles (1993)

Road 0.30 0.03 - 0.34
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Study None
Source

Noire/
Reaction

Noise/
Sensitivty

Reaction/
Sensitivity

Reaction/ 
Sensitivity: 

Node Control let!

Sensitivity & 
Noise/Reaction

McKennell 
(1978)

Super-sonic 
aircraft

0.26 0.30 -

McKennell
(1963/73)

Aircraft 0.46 -0.03 0.25 0.25 -

Nivision & 
Endresen (1993)

Road n.s - 0.36 -

Nixon & Borsky 
(1965)

Sonic boom - - -

O ’Laughlin et al. 
(1986)

Rifle range 0.06 -0.19 0.35 -

Schuemer &
Schuemer-Kors
(1983)

Railway 0.46 * 0.19 - 0.54

Schuemer &
Schuemer-Kon
(1983)

Road 0.52 - 032 - 0.65

StansCeld (1992) Aircraft - - 0.68 - -

Sbnsfeld (1992) Road 0.49 •

Tarnopolsky et 
al. (1978)

Aircraft S'g- n.s n.s - /

van Dongen 
(1980)

Road 0.30 n.s - -

Wolsink & 
Sprengers (1993)

W ind turbine 0.09 - -

Yano et al. 
(1991)

Road 0.27 030 - -

Mean 0.34 -0.01 0.32 0 .2 4 0.49

c.d 0.15 0.15 0 .1 3 0 .2 3 0 .1 5

number af  cases 22 10 16 4 4

Source: Job, 1994.

Attitudes Toward the Noise and its Source

Individuals with more negative attitudes toward the noise source are more 
likely to be annoyed oy the noise (Fields, 1993b; Job, 1988a, 1993). In 
Fields' (1993b) meta-analysis, the four attitudinal hypotheses considered 
were supported by the great majority of relevant studies. Thus, annoyance 
appears to be greater if the respondent fears the noise source (supported by 
100% of 14 relevant studies), believes the noise could be prevented by 
designers, pilots or authorities (100% of six, see also Job, 1988a), is aware of 
non-noise problems associated with the source, such as air quality (two of 
two) or does not believe that the noise source is important (three of four). 
The notion that individuals who benefit from the noise source (users, or
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employees, or dependants of employees of the source) may have a better 
attitude toward it and thus might react more favourably toward it, was 
undermined by Fields' (1993b) meta-analysis. 89% of nine appropriate 
studies found no relationship between individuals' reaction to the noise and 
whether they were users, or employees, or dependants of employees of its 
source. Only one of the appropriate studies demonstrated a positive 
relationship. Fields (1993b) proposed that the disadvantages of being a user 
or employee of the source may counterbalance its advantages in producing 
and attitude to it and reaction to the noise.

Job (1988a) concluded from a review of correlations between attitude and 
reaction, and between attitude and noise, and between reaction and noise , 
which were observed in community studies, that "[t]he pattern of results 
suggests that attitude is, in part, a genuine factor affecting reaction, and, in 
partm a result of reaction" (Job, 1988a, p997) (see Table 5.5).

Preliminary analysis of the first wave of surveys conducted for the Sydney 
Airport Health Study, a study of the effects of the airport and the third 
runway in particular (Job et al., 1996c), provided data supportive of attitude 
change as a factor in reaction to noise. Job et al. (1996) found that 56% of 
the variance in reaction was accounted for by three attitudinal factors- one 
reflecting local concerns with the airport (for example, disagreement that the 
airport is of value to the neighbourhood, agreement that aircraft cause 
pollution), one reflecting financial concerns (for example, views that the 
airport is a waste of money, that only the wealthy benefit from it, that it does 
not benefit the economy) and one reflecting misfeasance (for example, the 
belief that the government is not doing enough to stop noise pollution). The 
anticipated changes to noise exposure with the opening of the third runway 
were widely publicised, offering the opportunity to test a peculiar prediction 
of this theory. That is, when people know the changes w ill occur in the 
future, this should be enough to change attitudes, which in turn should be 
enough to change in reaction even before the changes in noise exposure 
have actually taken place. The relevant data were all collected before the 
third runway was opened, so no relevant changes in noise exposure had yet 
occurred and could not have been the cause of any observed changes in 
attitude or reaction. The data clearly supported predictions based on Job's 
(1988b) theory. Residents of areas expecting an increase in noise (from low 
to high noise exposure) had more negative attitudes toward the airport and 
more reaction to noise than residents of areas expecting to maintain low 
noise exposure. Residents of areas expecting a decrease (from high to low 
noise exposure) had less negative attitudes toward the airport and less 
reaction to noise than residents of areas expecting to remain exposed to high 
noise levels. The alternative account that residents may deliberately 
'rew ard ' relevant authorities for reduced noise by reporting greatly reduced 
reaction, or 'punish ' decisions resulting in increased noise by showing 
greatly increased reaction Oob, 1988b), is also consistent with the findings 
reported by Job et al. (1996c).

Hede and Bullen (1982a) in a thorough examination of the effects of aircraft 
noise around several Australian airports, found that negative attitude toward 
aircraft and the airport (ten item index) was the best predictor of general 
reaction (comprised of "affectedness", "dissatisfaction", annoyance, activity 
disturbance, complaint disposition, fear of crashes, and perceived impact of
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aircraft noise of health) in a regression analysis, accounting for 45.8% of 
variance in general reaction (see Figure 5.13). Note that Hede and Bullen 
(1982a) treated fear of crashes as a component of reaction not attitude, 
whereas others have treated fear as an attitudinal variable. On logical 
grounds fear would appear to be a reaction to noise although it may be 
determined at least in part by beliefs about aircraft safety. Thus, the status of 
fear is not easily determined. The possibility that negative attitudes toward 
the noise source is itself part of a reaction to noise should be recognised. In 
keeping with the suggestion that at least in some instances attitude is part of 
reaction, (but see McKennell, 1978), Bullen et al. (1985) studied two airforce 
bases in Australia and reported that negative attitudes toward the noise 
source were associated with noise exposure to such an extent that their 
apparent effect on reaction could be entirely accounted for by noise 
exposure. However, while attitude does generally show a positive 
correlation with noise exposure, the relationship is much weaker than that 
between reaction and noise exposure (mean correlations of 0.15 versus 0.42 
in Job's 1988a analysis of relevant studies).

Hede and Bullen (1982a) also report a substantial relationship between fear 
of aircraft crashes and general reaction (partial correlation coefficient - 
0.443) (see Figure 5.14). The 107 out of 1480 Sydney subjects who 
spontaneously mentioned a crash which occurred just prior to the survey had 
a higher general reaction than the rest of the Sydney sample. This result, 
however, is merely suggestive. Memory of the crash may have caused more 
negative reaction, or more negative reaction may have increased motivation 
to mention the crash. A recent community study has assessed the impact of 
a crash on annoyance (Reijneveld, 1994). In the vicinity of the crash 36.8% 
of respondents (n-305) were annoyed before the incident and 60% after. In 
a control area (n-1006) no change in annoyance was observed from before 
to after the crash. However, these findings may have been influenced by 
changes in noise levels. In the crash area, post-crash measures were taken 
immediately after recommencement of aircraft flyovers (three to ten weeks 
after the crash), whereas in the control area there was no break in flyovers. 
However, since annoyance reactions are thought to adapt only minimally 
(Weinstein, 1982), dishabituation is unlikely to have produced the elevated 
annoyance in the crash area. Nonetheless, the report of Fairfield Residents 
Against Airport Noise (1996) that some residents in the vicinity of the 
proposed site of a Second Sydney Airport at Badgerys Creek are fearful of 
aircraft crashes represents some cause for concern. However, the actual rate 
of such fears in the community should be further considered with an 
awareness that residents may be politically motivated to report such fears.
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Figure 5.13 General Reaction Score as a function of Exposure to aircraft noise 
(NEF3) FOR RESPONDENTS WITH HIGH (AT LEAST 7), MEDIUM (FROM 3 TO 7), 
OR LOW (LESS THAN 3) SCORES ON A SCALE ASSESSING NEGATIVE ATTITUDES 
Toward the noise or its Source (NEGATT).

Source: Hede and Bullen, 1982a.
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Figure 5.14 General Reaction Score as a Function of Exposure to aircraft noise 
(NEF3) FOR RESPONDENTS WITH HIGH (AT LEAST 8), MEDIUM (FROM 4 TO 8), 
or Low  (Less than 4) Scores on a Scale assessing Fear of an aircraft 
Crashing (CRASH)

Source: Hede and Bullen, 1982a.

Several studies reported since Job's (1988a) and Fields' (1993b) reviews were 
written, have supported an influence of awareness of non-noise impacts of 
the noise source on reaction to the noise (Dankittikul, Izumi, Yano, 
Kurosawa, and Yamashita, 1993; Lercher and Widmann, 1993; Ohrstrom, 
1996; Sato, 1993; Kastka et al., 1996). For example, Yano et al. (1996b) 
report that vehicle exhaust increased annoyance with traffic noise
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Evidence also suggests that noise reaction is negatively related to 
neighbourhood satisfaction (Aubree, 1973; Langdon, 1976; Jonah et al., 
1981; Rohrmann, 1984; see also Fields, 1993b) and perhaps to the aesthetic 
appeal of the site (for evidence bearing on this issue see: Aubree, 1973; 
Langdon, 1976; Kastka and Hangartner, 1986; Sabadin, Suncic, Hrasovec, 
and Verhovnik, 1991; Dankittikul, et al., 1993). That is, individuals who are 
satisfied with their neighbourhood tend to react less to the noise (for 
example, in terms of annoyance). However, the causal sequence is not clear 
in this relationship. Furthermore, each of these variables may be related to a 
third variable but not to each other. For example, awareness of non-noise 
consequences of the noise source may promote dissatisfaction with the 
neighbourhood as well as potential reaction to the noise. The relationship 
between reaction and neighbourhood satisfaction may underlie the finding 
that for the same noise exposure, residents of large urban communities have 
more negative reactions to noise than residents of small towns (Bradley and 
Jonah, 1979), who in turn have higher annoyance than residents of rural 
areas (Vallet, Carrere, and Lacoste, 1983).

One ingenious way of examining whether attitude is a modifying variable 
(versus a part or a consequence of reaction) is to examine the nature of 
relationships between the variables. W hile the underlying causal sequences 
cannot be definitively determined from correlational data, informed 
commentary can be made. McKennell (1978) reported such analysis of the 
effects of a patriotic attitude on reaction to Concorde overflights in the U.K. 
Importantly, he found that patriotism was associated with reduced reaction to 
an equal extent regardless of noise exposure. This finding does not fit 
readily into claims that attitude is influenced by reaction or by noise 
exposure. Rather, the finding suggests that the attitude is a genuine 
modifying factor. The analysis of other data presented by Bullen et al. (1991) 
suggests that attitude may be, in part, influenced by noise exposure or 
reaction. This issue is not readily settled by available data. However, the 
balance of evidence suggests that, at least in some cases, and ,possibly to an 
incomplete extent, in all cases, attitude influences reaction.

Laboratory studies which manipulate attitude may also be employed to 
determine whether attitudes play a causal role in determining reaction. A 
recent laboratory study (Vera, Vila, and Godoy, 1995) support the causal role 
of attitude. All subjects were exposed to two 15 minute exposures of 
recorded traffic noise at 85-95 dBA, separated by a 10 minute recovery 
period. All subjects received statements designed to change attitudes toward 
the noise (for example, this noise is unnecessary", "what a horrible noise”, 
"they should not make this noise", 'I am not able to control this noise", ”1 
can't stand it") during one exposure period, but not the other, with the order 
of "statement" versus "no statement" periods counterbalanced across 
subjects. Subjects were required to rate the aversiveness of the noise and the 
duration of the noise at the end of each exposure period. In both stimulation 
periods, the subjects who received negative statements rated the noise as 
more aversive than did the subjects who did not receive the statements. 
However, this difference was not significant. Further, the noise was rated as 
more aversive in the "statements" versus the "no statements' condition only 
for subjects who experienced the "no statements" condition first, reflecting 
the fact that the aversiveness of the noise appeared to increase substantially 
from the first to the second stimulation periods and/or that the effects of the
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statements persisted. It may be the case that the statements directly affected 
mood and thus ratings, rather than actually affecting reactions to the noise. 
Finally, since subjects were to read statements during noise exposure, any 
increase in aversion in the "statements" condition may have been due to 
annoyance resulting from noise-induced disturbance of the reading task. A 
similar pattern of results was observed for the ratings of noise exposure 
duration.

The relationship of attitudes with reaction should not be interpreted as an 
indication that reaction is false or invalid. Rather, it indicates the 
unsurprising reality that ones attitude to noise exposure moderates the 
impact such exposure has in terms of reaction. It makes intuitive sense that 
someone who enjoys rock music is not going to be annoyed by it, whereas 
someone who dislikes rock and feels that it is not music at all, is likely to 
find it annoying. The latter group's annoyance should not be dismissed as 
invalid or irrelevant because others like rock and are not annoyed by it. 
Similarly, train enthusiasts may like train noise and some people may like 
aircraft noise or at least have positive attitudes toward the benefits of air 
transport. These positive attitudes do not render the dissatisfaction, 
annoyance and disturbance of others any less real. It is, however worth 
noting in this context that some types of sound are more likely to provoke 
negative attitudes than others, particularly those which are believed to have 
negative consequences.

Noise Sensitivity and Other Personality Traits

Noise sensitivity has also been found to influence reaction (for example, 
McKennell, 1963, 1973, 1980; TRACOR, 1971). Fields' (1993b) 
metaanalysis concluded that all 14 relevant studies which met the criteria for 
quality supported the hypothesis that a general sensitivity to noise increases 
annoyance. Job's (1988a) review of correlations between sensitivity and 
reaction, between sensitivity and noise and between reaction and noise 
suggests that there is a relationship between sensitivity and reaction which 
cannot be explained entirely by noise exposure, although the direction of 
causality in this relationship is ambiguous. The moderating influence of 
sensitivity on reaction is also supported by findings of studies conducted 
subsequent to these reviews (e.g. Stansfeld, 1992; Stansfeld, Gallacher, 
Babisch, and Elwood, 1993; Yano et al., 1996b).

As an example in the Australian setting, Hede and Bulien (1982a) reported a 
partial correlation coefficient of 0.246 between noise sensitivity and general 
reaction (see Figure 5.15). In another Australian study, Bulien et al. (1985) 
found that some items designed to assess sensitivity were associated with the 
reactions of Royal Australian Air Force personnel to aircraft noise in their 
working environment, without being associated with noise exposure. 
Sensitivity accounted for 7% of the variance in general reaction, as compared 
to 34% accounted for by noise exposure (Leq). Australian studies of other 
noise sources have also consistently identified the importance of noise 
sensitivity in reaction to power station noise (Job and Hede, 1989), artillery 
noise (Bulien et al., 1991), rifle range noise (Hede and Bulien, 1982b), and 
individual impulsive noises from distant explosions (Job, Peploe and Cook, 
1995).
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F igure 5.15 G eneral reaction score as a Function of exposure to aircraft noise 
(NEF3) FOR RESPONDENTS WITH HIGH (AT LEAST 8), MEDIUM (FROM 4 TO 8), 
OR LOW (LESS THAN 4) SCORES ON A SCALE ASSESSING NOISE SENSITIVITY

Source: Hede and Bullen, 1982a.
Inconsistent evidence has been found regarding the relationship between 
reaction to noise and other personality traits, including Type A/B profile 
(Moch, 1984; Nivison and Endresen, 1993), neuroticism/extroversion 
(Broadbent, 1972; Jonah et al., 1981; Jones and Davies, 1984; McLean and 
Tarnopolsky, 1977; Rohrmann, 1984; Stansfeld, 1992), negative affect (Job, 
1993; Stansfeld, 1992; Stansfeld et al., 1993; Weinstein 1980), locus of 
control (Jones and Davies, 1984; Pulles et al., 1990; Rotter, 1966; Thomas 
and Jones, 1982; Van Kamp, 1990) and non-complaining attitude (Pulles et 
al., 1990). Perceived ability to predict, control or adapt to the noise also 
reduces reaction to it (Glass and Singer, 1972; Graeven, 1974; Rohrmann, 
1984; Cohen and Spacapan, 1984).
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Age, Length of Residence, Gender, Socio-Economic Status

Fields (1993b) concluded from a meta-analytic examination of the influence 
of nine potential demographic variables on annoyance with noise, that none 
of these variables had an important effect. Only 16% of the 19 relevant 
quality surveys supported the contention that older people are more annoyed 
by noise than younger people, whereas 53% of these surveys suggest that 
age has no effect on noise annoyance. Length of residence also appears to 
have no effect on reaction to noise, with only 4 out of 16 relevant studies 
suggesting that longer residency is associated with reaction, 8 suggesting no 
effect, and 4 suggesting the opposite effect. In the Australian context, Bullen 
et al. (1985) found no significant effect of age on reaction to military aircraft 
noise, whereas Hede and Bullen (1982a) found that older individuals had 
less negative reactions to civil aircraft noise, as well as less negative attitudes 
toward the noise source and lower fears of crashes. Another Australian study 
of reaction, to artillery noise, also found a small effect of age on reaction- 
again with older people reacting less although age only accounted for 2%  of 
the variance in reaction (Bullen et al., 1991). The occupational sample of 
Bullen et al. (1985) is likely to have been more restricted in age range than 
that of Hede and Bullen (1982a) and Bullen et al. (1991), making detection 
of a correlation more difficult. Job et al. (1995) report that reaction to 
individual impulsive events in the home was influenced by age, however the 
age did not influence reaction to noise events at the time they were 
experienced and was hypothesised to exert its influence at the point of recall, 
integration and report.

Every one of 15 relevant, quality studies meta-analysed by Fields (1993b) 
indicated that gender has no effect on reaction to noise. In keeping with this 
finding neither Bullen et al. (1985) nor Hede and Bullen (1982a) found 
significant effects of gender on reaction to aircraft noise in the Australian 
context.

Fields' (1993b) meta-analysis also considered the moderating effects of a 
number of indicators of socio-economic status, including status ranking, 
income and education. For each of these indicators, more relevant quality 
studies suggested that these variables had no effect on reaction, than suggest 
they have an effect. High ranked status residents were found to be more 
annoyed than lower ranked status residents was supported by four out of 12 
appropriate studies, whereas 8 studies demonstrated no effect. Income and 
annoyance were found to be positively related in 38%, but unrelated in 
62%, of 8 appropriate studies. Higher education was associated with 
reaction in 23% of 13 relevant quality studies, but was not related with 
reaction in 77% of such studies. No studies revealed the opposite influence 
of any of these variables. In the Australian context, both Bullen et al. (1985) 
and Hede and Bullen (1982a) found no effect of socio-economic status on 
reaction to aircraft noise.

Similarly, Fields' (1993b) meta-analysis revealed no effect of home 
ownership or type of dwelling (see also Lercher and Widmann, 1993). These 
data undermine the assumptions that residents of multiple unit dwellings 
react less to exterior noise on account of their higher exposure to interior 
noise and that financial investment increases reaction to noise (Fields, 
1993b). In fact, data regarding the relationship between reaction to noise
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and concern for property devaluation due to noise are inconsistent (DeVany, 
1976; Kryter, 1994; Taylor, Breston, and Hall, 1982).

5.4.6 Indirect Effects of Sound Exposure on Annoyance

As well as immediate reaction to noise, adverse reactions may result from 
negative impacts of noise on health and performance.

It is possible that perceived deleterious effects of noise on auditory and non- 
auditory physical health could provoke a negative reaction to the noise.

The impact of noise-induced activity disturbance and performance deficits on 
reaction to noise has received considerable attention (Babisch et al., 1993; 
Borsky, 1980; Cohen and Weinstein, 1981; Gunn, 1987; Hall, Taylor, and 
Birnie, 1985; Lambert et al., 1984; Lindvall and Radford, 1973; McKennall, 
1963, 1973). Amongst subjects exposed to simulated traffic noise at 85 dB 
LAeq in the laboratory, annoyance was associated with the perceived 
influence of noise on performance and performance efficiency (Arvidsson 
and Lindvall, 1978).

Similarly, annoyance has been found to be associated with interference with 
activities such as conversation, mental concentration, rest, or recreation (for 
example, in Australia: Hede and Bullen, 1982a, 1982b; Bullen et al., 1991; 
Job et al., 1991) and for some sounds the critical factor in determining 
reaction is whether they are perceived as intrusive (Berglund et al., 1990). 
Widmann (1996) examined the relationship of annoyance with the 
intelligibility of speech signals of several intensities amongst subjects 
simultaneously exposed to steady traffic noise at 64.5 dBA or 74 dBA. For 
each halving of the speech to noise ratio annoyance was found to increase 
linearly by 18.5% for traffic noise at 64.5 dBA, and by 13% for traffic noise 
at 74 dBA. However, the role of traffic noise level was confounded with 
noise variability, because the more intense traffic noise was also more 
variable. Further, the generalisability of data based on the intelligibility of a 
list of one syllable words to actual conversation, which has a context and 
potentially greater importance to the subject, is tenuous. Holmberg et al. 
(1996) found that the annoyance produced by noise in the workplace was 
greater for individuals performing tasks that involved verbal communication 
than those involved in other tasks (see also Ohrstrom and Skanberg, 1996). 
Gunn, Shigehisa, and Shepherd (1977) found that the maximum annoyance 
reduction to aircraft noise occurred when a given amount of energy was 
removed from octave bands in the frequency range 800-1,600 Hz. This 
noise is likely to have produced maximum masking of speech signals (Miller, 
1947), and thus maximum disturbance of communication or television 
viewing. The importance of interference with television viewing in 
determining reaction to aircraft noise is widely accepted (Galloway and 
Bishop 1970).

The importance of sleep disturbance is suggested by the finding that 
annoyance during night time influences the total daily annoyance level 
(Lambert et al., 1984). However, Fidell et al. (1994) found no relation 
between overnight LAeq and reported annoyance due to aircraft noise in 
their field studies of aircraft noise and sleep. Yano et al. 9196b), however, 
found a relationship between sleep quality and annoyance with road traffic
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noise. In a community study around Australian airports (Hede and Bulien, 
1982a) respondents were asked which of a range of activity disturbances 
they would most like to eliminate. Only 19.1% of all respondents but 
26.7% of seriously affected (defined in terms of general reaction) 
respondents nominated sleep disturbance. Amongst seriously affected 
respondents, sleep disturbances were regarded as worth eliminating more 
than any other disturbance. However, these data may underestimate the 
importance of sleep disturbance because many respondents in the Hede and 
Bulien (1982a) study were protected by the night time curfews which were 
operational at Sydney airport.

For aircraft noise, interference with rest/recreation/watching television is 
particularly critical to reaction. In contrast, for annoyance with road traffic 
noise sleep disturbance is a particularly critical activity disturbance (Berglund 
and Lindvall, 1995). The critical activity disturbance may differ for aircraft 
and traffic noise because of differences in the typical distribution of exposure 
for these noise sources.

Whilst, activity disturbance has been employed as an index of reaction to 
noise, each noise outcome may be influenced by other factors and high level 
of activity disturbance have been observed in the absence of high 
annoyance. Thus, indices of noise-induced activity interference may be best 
treated as a supplement to scales of general annoyance with the noise.

5.4.7 Comments from Recent Sydney A irport Studies

The Proposed Third Runway Sydney (Kingsford Smith) Airport Draft 
Environmental Impact Statement (Kinhill, 1990) gave substantial
consideration to community reaction to aircraft noise, and the Report of the 
Senate Select Committee on Aircraft Noise in Sydney (Senate Select 
Committee on Aircraft Noise in Sydney, 1995) gave it somewhat less 
consideration.

Kinhill (1990) presented the dose-response relationship of Hede and Bulien 
(1982a), but did not refer to any other analyses or meta analyses which have 
examined the relationship between aircraft noise and reaction. It was 
suggested that outside the 20 ANEF contour noise is not a significant 
problem, in the 20-25 ANEF contour noise is a moderate problem and within 
the 25 ANEF contour noise begins to present more of a problem, in terms of 
the number of people who are likely to be "affected" by the noise (according 
to the criterion of Hede and Bulien, 1982a, which includes "dissatisfaction", 
"affectedness", "annoyance", complaint disposition, activity disturbance, fear 
of crashes and presence of symptoms). However, in using the dose-response 
curve to generate predictions, Kinhill (1990) did not explicitly recognise that 
reaction to a particular noise level tends to be higher when exposure has just 
increased to that level, than if exposure has been at that level for some time. 
However, reference was made to a US finding (citing Muldoon and Miller,
1989) that people object to increases of more than 5 dB Ldn in the noise 
exposure. (Note that the ANEF is a long term average metric, in which 
exposure data over many months would typically be used).

It was recognised in the Proposed Third Runway Sydney (Kingsford Smith) 
Airport Draft Environmental Impact Statement (Kinhill, 1990) that reaction
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can be influenced by factors besides noise exposure. According to this 
study, demographic factors, such as age, sex and marital status, have been 
found to correlate only weakly with reaction (citing Bullen, 1984), but 
reaction has been found to be stronger in people who are afraid of an aircraft 
crash, concerned about potential health effects or who are suffering activity 
disturbances. Kinhill (1990) does not identify the potential importance of 
negative attitudes to the noise source, perceived uncontroflability of the 
noise or noise sensitivity, to mention a few of the reaction modifiers 
addressed in the present review. The potential of noise mitigation measures 
to contribute to negative reactions by disrupting people's lifestyles, for 
example by restricting their freedom to open windows, was suggested in the 
Proposed Third Runway Sydney (Kingsford Smith) Airport Draft
Environmental Impact Statement (Kinhill, 1990).

Kinhill (1990) reported that complaints received on a complaints hotline had 
increased since mid-1988, with 56% relating to aircraft loudness, 7% relating 
to noise outside curfew, 7% relating to noise and inconvenient times other 
than outside the curfew and 3% relating to vibration. It was also reported 
that home owners tended to complain more than non-home owners. 
Proposed Third Runway Sydney (Kingsford Smith) Airport Draft
Environmental Impact Statement (Kinhill, 1990) proposed that this might 
reflect concern about property values or commitment to the neighbourhood 
rather than a real difference in the reactions of these two groups to aircraft 
noise. However, as has been suggested in the present review, concern about 
property values or property damage due to vibration may partially mediate 
the impact of noise on reaction. Home-owners may actually react more 
negatively to aircraft noise because of concern about property value, 
although home ownership versus rental is not a substantial predictor of 
reaction. Furthermore, any real or apparent influence of home ownership on 
reaction is likely to be seriously confounded by the influence of factors such 
as age, socio-economic status, education, self-judged capacity to complain 
and evaluations of likely efficacy of complaint.

In an attitudinal survey reported in Kinhill (1990), residents of areas facing a 
potential increase in noise levels were more likely to be dissatisfied (11 %  of 
residents in such areas) with their neighbourhoods than residents of high 
noise areas (10%). Dissatisfaction was less likely in residents expecting a 
reduction in noise levels, or residents of low noise areas (both 6%). 
However, these findings are difficult to interpret because there was a 17% 
overlap in the high noise and "going high" noise groups. Additionally, no 
further information was given regarding the current noise levels in areas 
facing either an increase or reduction in noise levels. Because noise levels 
are time consuming and expensive to measure and compute (Carter et al., 
1996b), this is not surprising. No information regarding the statistical 
significance of the differences is given, and it is unlikely that the difference 
between the dissatisfaction amongst residents of areas facing a potential 
increase in noise levels (11%) and amongst residents of high noise areas 
(10%) was significant. Aircraft noise was the reason most commonly given 
for dissatisfaction, being mentioned by 50% of the respondents who reported 
being dissatisfied. It was recognised that the impact of noise on health, 
sleep, speech and social well-being could result in residential dissatisfaction 
(Kinhill, 1990).
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Residents in areas of potential noise increase were also least likely to be sure 
whether they would still be living in the same area in the next three years 
and most likely to report that they would consider moving. Residents in 
areas of potential noise decrease were most likely to be sure and least likely 
to consider moving (Kinhill, 1990). Again the statistical significant of these 
differences is not reported in the study. However, it is reported that current 
and potential noise exposure accounted for only 3%  of responses regarding 
the likelihood of moving. Work-related factors were mentioned more 
frequently.

The Report of the Senate Select Committee on Aircraft Noise in Sydney 
(Senate Select Committee on Aircraft Noise in Sydney, 1995) includes 
numerous submissions regarding reactions to the noise, and these 
submissions themselves can be viewed as a part of reaction. As previously 
discussed people complained of disturbances to activities including sleep, 
conversation, and recreational activities. The Committee heard reports of 
increased tension and argument in families and teachers reported increased 
irritability and aggression in children. People reported feeling frustrated and 
powerless to change the situation. The potential of such perceived lack of 
control to worsen the impact of aircraft noise has been discussed in the 
present review in the context of learned helplessness. The Committee 
seemed to confuse the issue of whether there is a significant risk of an aircraft 
crashing and whether people fear that there is. Whilst it was reported that 
residents in the vicinity of the airport have a real fear of an aircraft crashing, 
the potential impact of this on reaction was not identified.

The DEAF "studies" also considered reaction to the noise and found that 
complaints of tension/anxiety/annoyance were the second most common of 
all complaints received (Senate Select Committee on Aircraft Noise in 
Sydney, 1995). As previously identified, problems which are reported to the 
Committee and to DEAF may not be caused by aircraft noise. However, 
scientific studies suggest that such problems may be caused by aircraft noise 
and that the complaints themselves may indeed be a part of reaction to 
aircraft noise.

Submissions to the Senate Select Committee on Aircraft Noise in Sydney 
(Senate Select Committee on Aircraft Noise in Sydney, 1995) are in keeping 
with evidence that aircraft noise may affect residential behaviour and the 
like. For example, Goldberg submitted that there were reports from teachers 
of families moving out of noise affected areas and/or moving their children to 
schools that were not noise affected. Submissions also suggested that noise 
affected institutions, such as schools and hospitals, were having difficulty 
recruiting staff, however no experimental data were presented to substantiate 
these claims.

Key issues in the prediction of long-term reaction is the extent to which the 
various reactions can be predicted from contours of noise exposure and the 
extent to which this prediction may change depending on the development 
of demand for and design of aircraft. Thus, predictions are likely to differ for 
exposure made up of more, though quieter, overflights versus exposure 
resulting from moves to larger heavier aircraft, which may produce louder 
noises and a different spread of noise due to their flatter flight path. These
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issues cannot readily be addressed without accurate prediction of future 
aviation patterns.

5.5 Impact of Noise o n  Psychological Health

It has been hypothesised that if noise causes annoyance and frustration, 
prolonged noise exposure might either cause or exacerbate mental illness 
(Cohen and Weinstein, 1982; Cohen et al., 1986; Evans and Cohen, 1987; 
Herridge and Chir, 1972). A recent review by Stansfeld (1992) produced a 
similar conclusion to earlier reviews (see for example McLean and 
Tarnopolsky, 1977): "noise exposure may lead to minor emotional 
symptoms, but the evidence of elevated levels of aircraft noise leading to 
psychiatric hospital admissions and psychiatric disorder in the community is 
contradictory". Noise level is related to annoyance, which in turn is related 
to psychiatric disorder.

5.5.1 Methodological Concerns with Relevant Studies

Studies of the impact of noise on mental health have been plagued by a 
number of difficulties:

■ any theoretical considerations are restricted to post hoc explanations, 
and this may be selectively explaining results after the event;

■ no clear distinction is made between causation versus aggravation of 
mental illness;

■ the concept of mental illness is not clearly defined, resulting in 
confusion with other health effects, such as irritability;

■ a wide range of psychiatric variables are used, varying in specificity, 
place of contact with medical agencies, and use of psychotropic 
medicine;

• assessment of "casinos” has relied on the use of symptom checklists (self- 
report or psychiatrist) (for example, Tarnopolsky, Barker, Wiggins, and 
McLean, 1978), admissions to hospitals (Abey-Wickrama, A'Brook, 
Gattoni, and Herridge, 1969; Ahrlin and Ohrstrom, 1978; Gattoni and 
Tarnopolsky, 1973; Herridge and Chir, 1972; Jenkins, Tarnopolsky, and 
Hand, 1981; Kryter, 1990; McLean and Tarnopolsky, 1977; Meecham 
and Smith, 1977; Tarnopolsky et al., 1978; Tarnopolsky et al., 1980; 
Watkins et al., 1981), and use of medication (for example, Watkins et 
al., 1981). Each of these approaches have specific problems and all may 
result in only severe mental cases being given consideration. Further, 
the data collected using these methods are often retrospective raising 
concerns with accuracy of recall, although not a problem where hospital 
records are used; and

■ many community studies of mental health effects of noise exposure have 
given inadequate consideration to the influence of confounding 
variables such as "noise sensitivity" and socio-economic status. For 
example, Stansfeld (1992) reported evidence suggesting a direct 
relationship between sensitivity and mental health, independent of noise
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exposure (see also Stansfeld, Clark, Jenkins, and Tarnopolsky, 1985). 
Socio-economic status may influence private treatment versus 
hospitalisation and thus entry into public records. This would tend to 
underestimate hospital admissions in higher socio-economic, often 
lower noise, areas. Social support may influence admission. Gender 
and mental problems may influence socio-economic status and social 
support.

5.5.2 The Impact of Noise on Psychological Health

A simple relationship between aircraft noise and psychiatric morbidity is yet 
to be detected, however there is evidence that some relationship exists.

In an early study of the records of 124,000 residents in the vicinity of 
London Heathrow airport (Abey-Wickrama et al., 1969), a higher rate of 
admissions to mental hospitals was detected in high than in low noise areas. 
However, the study design was questioned by other researchers (Chowns, 
1970) and the result could not be replicated in a later study with suitable 
controls for demographic factors such as age and gender (Gattoni and 
Tarnopolski, 1973). Further studies have found mental hospital admissions 
to be related to level of aircraft noise (Herridge and Chir, 1972: 31% more 
hospital admissions in high noise areas) and residence in noisy areas 
(Meecham and Smith, 1977: 29% more hospital admissions in high noise 
areas), but the effects of potential confounding variables were not accounted 
for and d isaffirm ing studies are also available (for example, Tarnopolsky et 
al., 1980). Jenkins et al. (1981) studied 9000 admissions to three hospitals 
over 4 years to conclude that while admission rate correlated with noise 
exposure it was more closely related to non-noise factors. Reanalysis of 
these data, adjusting for unemployment and the percentage of people in 
rental accommodation (Kryter, 1985, 1990), produced a significant positive 
correlation between aircraft noise exposure and admission rate at two of the 
three psychiatric hospitals examined. Aircraft noise exposure above 58 Ldn 
was found to be predictive of an increase in psychiatric hospital admissions, 
with an increase to 70 Ldn being associated with a 40% increase in 
admissions.

Studies which have employed symptom checklists to determine "casinos" 
suggest that the relationship of noise exposure to psychiatric morbidity is an 
indirect one, via annoyance. Grandjean (1974a, 1974b) found no 
correlation between symptoms and exposure. Similarly, Tarnopolski et al. 
(1978), using the General Health Questionnaire (which assesses anxiety, 
personality disorder, and depressive, phobic, obsessional and other 
neuroses) corroborated by psychiatrists' diagnoses, also found no overall 
difference between the incidence of mental symptoms in 100 Ss living near 
Heathrow airport and 100 living in a quieter area (with road traffic noise 
controlled). However, mental symptoms were more prevalent in subjects 
who reported a greater annoyance with noise, and annoyance was related to 
noise levels as well as noise sensitivity (see also Tarnopolski and Morton- 
Williams, 1980). Knipschild (1976) found a high proportion of 
psychological and psychosomatic complaints in a high aircraft noise area. 
Van Kamp (1990) found no significant association between aircraft or traffic 
noise stratum and depression or social anxiety.
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Evidence of higher consumption of tranquillisers and sleeping pills in high 
noise areas has been regarded as an indication of latent disease or mental 
disturbance in noise-exposed communities. In keeping with the view  that 
annoyance mediates the relationship between noise exposure and mental 
health, Watkins et al. (1981) found increased use of psychotropic drugs by 
people who reported that they are highly annoyed by noise, in the absence 
of a relationship between medication use and noise exposure.

Preliminary data from a prospective traffic noise study parallels the findings 
regarding aircraft noise. Whilst no association was observed between noise 
level at baseline and later development of psychiatric disorder, noise 
sensitivity was found to be strongly related to psychiatric symptoms 
(Stansfeld et al., 1993). In a cross-sectional community study Relster (1975) 
found that there were more consultations for psychological problems in areas 
with high levels of road traffic noise compared to areas with lower levels. In 
a laboratory study, exposure to 90 dBA traffic noise produced significant 
increases in anxiety (as measured by the STAI-A-State Anxiety questionnaire) 
when presented both when subjects were or were not performing a 
calculation task, performance of which alone did not increase anxiety 
(Iwamoto et al., 1995).

Occupational studies have demonstrated an association between noise 
exposure and development of neurosis and irritability (Evans, 1982; Cohen 
et al., 1986). However, again confounding factors abound.

5.5.3 Moderators

It has been proposed that sensitivity, a relatively stable trait, might moderate 
(or mediate) any deleterious effects of noise exposure on mental health, 
possibly by increasing annoyance with noise. The relationships among noise 
annoyance, noise sensitivity and psychiatric illness have been found to be 
complex and not yet well differentiated (Stansfeld, 1988, 1992; Stansfeld et 
al., 1985; Tarnopolsky et al., 1980a, 1980b). Tarnopolsky et al. (1978) 
report a marked association between annoyance by aircraft noise and current 
psychiatric symptoms, and found noise sensitivity to be a powerful predictor 
of noise annoyance. They conclude that sensitivity to noise is a predisposing 
factor for psychiatric morbidity. The only prospective study of noise 
sensitivity and psychiatric disorder confirms this conclusion; noise sensitivity 
was found to be strongly related to psychiatric symptoms (Stansfeld et al., 
1993).

Evidence regarding the role of sensitivity is not unambiguous. Noise 
sensitive subjects have been found to have more psychiatric symptoms, 
higher neuroticism scores and greater reactivity to other sensory simuli, than 
subjects who are not noise sensitive (Stansfeld et al., 1985). It has thus been 
proposed that noise sensitivity may be a self-perceived indicator of 
vulnerability to stressors in general and may also be indirectly measuring a 
subclinical level of psychological morbidity (Berglund and Lindvall, 1995). 
Noise sensitivity may not indicate susceptibility to noise-induced mental 
illness, but rather the presence of mental illness (which may be exacerbated 
by noise exposure). Consistently with this hypothesis, the effect of noise 
sensitivity on psychiatric disorder was virtually eliminated when a measure 
of trait anxiety was included in the analysis (Stansfeld et al., 1993).
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There are other potential modifiers of the noise-mental illness relationship. 
For example, people with low social support are perhaps more likely to be 
hospitalised for noise-related mental problems (Berglund and Lindvall, 
1995).

5.5.4 Indirect Effects of Noise on Psychological Health

Noise-induced sleep disturbance may contribute to noise-related mental 
illness, since sleep is thought to be a prerequisite for good mental health 
(Hobson, 1989). Indeed, there is evidence that noise disturbed sleep can 
have deleterious long-term effects on psychosocial health and wellbeing. 
OhrstrOm (1991) found worse self-reported depression amongst individuals 
living in apartments facing a noisy street. Depression was found to be 
significantly related to sleep quality and reported noise annoyance (see also 
Ohrstrom, 1989). Various psychosocial symptoms, including feeling 'very 
tired', 'anxious/nervous', and 'o f wanting to be left alone', were more 
frequent in a noisy (72 dB LAeq) than in a quiet (52 dB LAeq) area. It was 
proposed that these symptoms may be linked to noise-induced sleep 
disturbances, but not to daily activity disturbances (see Berglund and 
Lindvall, 1995).

Noise-related illness may also be caused or aggravated by noise interference 
with speech intelligibility. Disturbances of speech communication have 
been associated with problems with concentration, fatigue, uncertainty and 
lack of self-confidence, irritation, misunderstandings, decreased working 
capacity, problems in human relations, and a number of reactions to stress 
(Berglund and Lindvall, 1995).

Noise may have a negative impact on mental health as a result of "learned 
helplessness". Exposure to aircraft noise is largely uncontrollable, except 
insofar as individuals can reduce the impact of the noise slightly by moving 
to a quieter room or closing doors and windows. Exposure to uncontrollable 
noise has often been found to produce learned helplessness in humans in the 
laboratory (for example, Hiroto and Seligman, 1975). Learned helplessness 
has been proposed, with considerable evidence, as an account of human 
depression (see job and Barnes, 1995; Overmier and Helhammer, 1988; 
Seligman, 1975; 1991). Thus, observed relationships between noise 
exposure and depression (Ohrstom, 1989; Stansfeld, 1992; Tarnopolsky et 
al., 1980) are not surprising.

It has been proposed that annoyance with noise represents a point on a 
continuum, the end of which is marked by mental illness. It has also been 
suggested that repeated or continue annoyance could mediate a negative 
impact of noise on mental health (see Berglund and Lindvall, 1995; 
Stansfeld, 1992). Ohrstom (1993a) reported an association between noise 
annoyance and psychosocial well-being, although the relationship may 
reflect noise-induced sleep disturbance.

5.5.5 C omments from Recent Sydney A irport Studies

Kinhill (1990) discussed the effect of exposure to aircraft noise on mental 
health only in the context of admissions to both general and psychiatric
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hospitals. Two of the studies cited considered mental hospital admissions 
(Abey-Wickrama et al., 1969; Meecham and Smith, 1977), however these 
were appropriately criticised for failure to account for confounding variables. 
The epidemiological study performed for the Proposed Third Runway 
Sydney (Kingsford Smith) Airport Draft Environmental Impact Statement 
(Kinhill, 1990) (Taylor and Lyle, 1990) also did not distinguish between 
general and psychiatric hospital admissions, probably for logistic reasons. 
Thus, it is not clear to what extent the finding that there were no consistent 
associations between admissions and noise levels applies to psychiatric 
admissions in particular.

The Report of the Senate Select Committee on Aircraft Noise in Sydney 
(Senate Select Committee on Aircraft Noise in Sydney, 1995) comments on 
the Taylor and Lyle (1990) study but did not identify the failure to distinguish 
between mental and general health. The Committee mentioned two studies 
at Heathrow which showed a correlation between noise level and 
hospitalisation rates (Herridge and Chir, 1972; Meecham and Smith, 1977), 
without identifying the shortcomings of these studies such as the failure to 
control for confounding variables. However, Kryter's (1990) reanalysis of 
data collected around Heathrow in 1981, which controlled for confounding 
variables, demonstrated "statistically significant associations between 
psychiatric hospital admission rates and the level of exposure to aircraft 
noise" (Senate Select Committee on Aircraft Noise in Sydney, 1995, p i 50). 
In a submission to the Committee, Dr Soames Job commended Kryter's 
(1990) reanalysis and suggested that the weight of the evidence supported an 
effect of aircraft noise exposure on mental health. In its submission the 
Australian Medical Association also referred to the Kryter study, as well as to 
the findings of Stansfeld (1992) that subjects who are highly noise sensitive 
exhibit significantly more psychiatric symptoms. It was not identified that 
Stansfeld concluded there was no direct relationship of noise exposure with 
psychiatric symptoms, but rather that noise exposure was associated with 
annoyance, which in turn was related to psychiatric symptoms.

The DEAF "studies" found complaints of symptoms which could reflect mild 
depression. According to the submission of one psychotherapist, several 
new patients had been seen since the opening of the third runway, some of 
them suicidal. However, such reports are scientifically meaningless in the 
absence of baseline measurements to indicate the number of new (and 
suicidal) patients that could have been expected in the absence of the third 
runway opening.

5.6 Adaptation/Habituation to Noise Exposure

Adaptation refers to a temporarily reduced sensory responsiveness with 
stimulus exposure. Habituation refers to a reduced response to the sensory 
input detected. Whether or not people habituate to noise remains a 
contentious issue (see Weinstein, 1982; Raw and Griffiths, 199). However, 
failure to observe habituation of reactions to noise in community studies may 
indicate that these studies were conducted after subjects had already adapted 
to noise exposure. Responses reported in community studies may be lower 
than initial responses, rather than accurately reflecting initial responses 
which could then be expected to habituate. Thus, it should not be expected
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that the impacts of aircraft noise exposure some time following 
commencement of aircraft operations in a particular area w ill be lower than 
those suggested by the present literature review.

Available evidence suggests that some responses to community noise 
habituate whereas others do not. For example, habituation has been 
observed in the orienting response (Berglund and Lindvall, 1995), the 
fight/flight and stress responses for fluctuating noise (for example, Meyer- 
Falke et al., 1995; Vallet et al., 1983a, 1983b)f peripheral vasoconstriction 
under some conditions (Ginsberg and Furedy, 1974; Jansen, 1969; but see 
Fruhstorfer and Hensel, 1980), and several indicators of sleep disturbance 
(body movements within each night and probability of awakening: Berglund 
and Lindvall, 1995). In contrast minimal habituation has been observed for 
body movements across nights (Ohrstrom, 1989; see also Ohrstrom, 1993c), 
shifts towards earlier sleep stages (Berglund and Lindvall, 1995), the cardiac 
response during sleep (Muzet and Ehrhart, 1978) and reaction to noise 
(dissatisfaction, annoyance etc.XGriffiths and Raw, 1989; Weinstein, 1982). 
However, the perceived loudness of a continuous sound has been found to 
decrease with exposure time (Miskiewicz, Hellmann, and Scharf, 1995; for 
an earlier review see Scharf, 1991), with sensory adaptation being greater for 
low frequency sounds.

Generally, the claim that humans do not habituate to noise is based on the 
failure to observe a reduction in self-reported annoyance to noise over 
extended periods after a change in exposure (Griffiths and Raw, 1989; 
Weinstein, 1982). On the other hand, human laboratory studies show 
reductions in response to noise relatively early in the exposures (for example, 
Miskiewicz et al., 1995; Scharf, 1991; Vallet et al., 1983a, 1983b). For 
example, loudness adaptation has been found to occur within 3-6 minutes in 
the laboratory (Scharf, 1991). Since community studies have not examined 
responses following a change in noise within a time interval commensurate 
with those used in laboratory studies, it is possible that habituation had 
already occurred before the community studies were conducted. Thus 
studies of long-existing noise exposure should be viewed as studies of 
reaction after any adaptation or habituation.

Goldberg (1996) criticised the Draft EIS for presenting data from studies 
which have examined the effects of noise in areas with long-term noise 
exposure without considering adaptation, such that these data would 
underestimate the impacts which could be expected immediately following a 
change to noise exposure. There are several points to make in relation to 
this objection. Firstly, few studies of the impacts of noise in newly exposed 
areas are available, although this problem could perhaps have been made 
more explicit in the Draft EIS. This issue has been addressed in the present 
review. Secondly, evidence regarding habituation and adaptation is also 
scant. Available evidence suggests that habituation may not occur for all 
noise effects. Thirdly, post-habituation data is appropriate for predicting the 
impacts of noise some time after an increase in exposure levels, even if they 
underestimates immediate effects. The present review provides available 
data regarding the impact of noise in newly exposed areas, and recognises 
that even these data may reflea post-habituation/adaptation impacts. 
Evidence for adaptation and habituation themselves have also been 
considered.
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5.7 Combined Effects of A ircraft Noise and Other 
Stressors

Exposure to aircraft noise seldom occurs in isolation and thus it is important 
to consider whether its impacts interact with other stressors, such that the 
impact of the noise and/or the other stressors is moderated (potentiated or 
ameliorated). Aircraft noise exposure is often associated with noise from 
other sources, such as ground transport or industry. Air pollution, especially 
from aircraft and road traffic exhausts, is also commonly experienced in 
conjunction with aircraft noise.

Research into the interactive effects of noise and other stressors has been 
insufficient to justify firm conclusions for any particular outcome. However, 
evidence supports the hypothesis that noise-induced hearing losses are 
exacerbated by combined exposure with ototoxic agents, including the 
asphyxiant carbon monoxide, which is present in road traffic exhaust fumes. 
Furthermore, combined exposure to aircraft noise and noise from other 
sources may potentate hearing loss, sleep disturbance, and negative reaction. 
However, the manner in which noises interact to produce these outcomes is 
complex and not yet fully understood.

Many of the data presented in this review regarding the impacts of aircraft 
noise on health, performance and reaction have been gleaned in community 
studies, in which combined exposures occur naturally. Thus, these data 
provide a valid indication of the effects of aircraft noise which might be 
expected in a real world situation.
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V u l n e r a b l e  G r o u p s  a n d  L a n d  U s e s

6.1 Summary of Vulnerable G roups

Inadequate research attention has been given to factors which moderate 
(ameliorate or potentate) the risk of negative consequences of noise exposure 
on health, performance and reaction. Where such data are available, its 
meaning is often ambiguous due to its correlational nature. Nonetheless, 
consideration of the existing evidence is worthwhile in terms of targeting 
noise mitigation measures toward critical groups, designing interventions to 
reduce their risks, or, if the opportunity arises, siting noise sources to avoid 
vulnerable groups. Both features of the noise and of the exposed individual 
moderate the impacts of the noise, but person factors w ill be the focus of the 
following section, since the features of aircraft noise are regarded as a given 
(but see earlier comments on changing aircraft fleets).

Vulnerable groups have been identified for a range of potential outcomes of 
aircraft noise. However, a non-specific vulnerability has been hypothesised 
for "people with reduced adaptability or reserve capacity such as the sick, the 
aged, people with impaired sleeping functions or those who are subject to 
other environmental strains" (Berglund and Lindvall, 1995, p140).

6.1.1 Auditory Health

Aural Discom fort and Pain

Noise levels typically encountered in residential areas around airports are 
unlikely to cause aural pain in people with normal hearing. However, 
people with sensorineural hearing damage (possibly noise-induced) and/or 
hearing aid users could well experience pain at these levels. Some 
discomfort may be experienced regardless of hearing ability.

Noise-sensitivity also increases the likelihood of experiencing discomfort and 
pain.

Hearing Loss

The probability of suffering permanent hearing losses as a result of exposure 
to aircraft noise is increased amongst groups who are frequently exposed to 
high levels of non-aircraft noise, because this reduces the possibility of 
recovery between noise events. For example, individuals who work in noisy 
industries are more likely to suffer hearing losses due to aircraft noise. 
Exposure to aircraft noise increases the probability that their occupational 
exposure w ill have adverse effects on hearing.

Individuals who are simultaneously exposed to ototoxic agents either in the 
home or in occupational settings, are more likely to suffer noise-induced 
hearing losses than those who are not. A number of drugs which are 
ototoxic on their own have been found to potentate the effects of noise on 
hearing, including the aminoglycoside antibiotics and cis-platin. No
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evidence is available regarding the effects of loop diuretics and available 
evidence regarding the effects of aspirin is inconsistent. However, it seems 
that chronic high doses of aspirin probably potentate the effects of noise. 
Asphyxiants, organic solvents, and metals, which are common in 
occupational settings are ototoxic on there own and potentate the effects of 
noise on hearing. Organic solvents are often encountered in the home (for 
example, glue, paint). Thus, people exposed to these chemicals in the 
workplace or as a result of pollution or smoking are at increased risk for 
noise-induced hearing loss. Residents of areas with a lot of road traffic are at 
particular risk because of the carbon monoxide and lead content in the air.

Risk of noise-induced hearing might also be increased in individuals with 
pathological changes to the middle ear or latent vitamin b deficiency.

Evidence that older individuals are more likely suffer aircraft-noise-induced 
hearing losses is inconsistent. Some studies have not supported this 
contention while others suggest a synergistic effect of age and exposure. 
Males and females are equally likely to suffer noise-induced hearing losses. 
However, the risk is increased among people with lower socio-economic 
status

6.1.2 Non-Auditory Physiological Health 

Balance

Exposure to aircraft noise is most likely to upset balance in individuals who 
have unequal stimulation to the two sides of their vestibular systems (for 
example, people who have suffered unilateral deafferentation).

Startle Reflex and O rienting Response

Aircraft noise is more likely to cause startle in individuals who regard it as a 
signal for danger. Sonic booms also produce startle.

Cardiovascular Health

Both acute and chronic noise-induced effects on cardiovascular function are 
increased for people with additional exposure to non-aircraft noise. Thus, 
workers in noisy industries are at increased risk for cardiovascular problems.

Acute and chronic elevations of blood pressure are more likely amongst 
females and individuals with a family history of hypertension.

Noise-induced effects on cardiovascular health are also more likely amongst 
individuals who perceive aircraft noise to be uncontrollable or to be a signal 
for danger.

Perinatal Health

Data regarding the only researched potential moderating variable of the 
influence of aircraft noise exposure on perinatal health, sex, are inconsistent. 
One study revealed that the observed differences in birth weights between 
high and low areas mostly reflect differences amongst girls. However, a
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much larger study found that the differences in birth weight were more often 
among boys.

General Health

Individuals who regard the noise as uncontrollable may be more likely to be 
effected by the immunosupressive effects of learned helplessness.

Noise sensitive individuals are also more likely to suffer noise-induced 
reductions in general health status.

6.1.3 Performance and Activity

Sleep Disturbance

It has been proposed that shift workers might be more at risk of aircraft-noise- 
induced sleep disturbances than the general population, because they sleep 
during the day, when there are more aircraft noise events and sleep tends to 
be lighter. However, data are insufficient to identify whether shift workers 
are at increased risk of noise-induced sleep disturbance over and above their 
exposure to noise when they are trying to sleep during the day. The 
possibility that shift workers suffer particularly from noise-induced sleep 
disturbances is also inadequate to abandon a curfew. Firstly, available data 
do not address the issue of whether the sleep of shift-workers during the day 
would be markedly improved by slightly reducing the intensity or number of 
noise events during the day. Secondly, it is not yet known whether any such 
improvement would be undermined by potentially increased disturbance 
during the nights when these workers are not on shift as a result of increased 
nighttime noise.

The influence of age on noise-induced sleep disturbances, depends on the 
nature of the disturbance. The probability of EEG responses and awakening 
as a result of noise increases with age. In contrast, children are more likely 
than adults to demonstrate a heart rate response for a given sound pressure 
level.

Women are probably more sensitive to noise-induced sleep disturbance than 
men.

Psychological variables can also influence the effect of noise on sleep. 
Evidence suggests than neuroticism and noise sensitivity may increase 
susceptibility to sleep disturbance. The one third of the population who are 
most noise sensitive are more likely to demonstrate a noise-induced 
reduction in subjective sleep quality.

Im pairm ent o f Voice Com m unication

Noise-induced impairment of speech intelligibility may be particularly 
prevalent amongst certain groups; including the hearing impaired, the 
elderly, young children and people for whom the language being spoken is 
not their first.
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There is a more pronounced masking effect of noise on speech 
discrimination for hearing impaired individuals, who often experience a loss 
of frequency resolution. Individuals who are not familiar with the spoken 
language, such as children in the process of language acquisition and 
second-language persons, may experience an exaggerated reduction of 
speech intelligibility due to noise. For these groups, a 5 to 10 dB larger 
signal-to-noise ratio is needed for acceptable speech intelligibility. In aircraft 
noise exposed areas, typically this may require an increased vocal effort 
which may strain the voice.

Interference w ith Tasks

The impact of noise on task performance differs markedly for different 
groups. Noise may improve the performance of people who are tired (low 
arousal) because of sleep deprivation and/or strain, by raising their arousal to 
a more optimal level. In contrast, noise has been found to impair cognition 
and reading in children, especially those in higher school years.

Noise-sensitivity also increases the probability that noise exposure w ill 
interfere with task performance, and reduce productivity.

6.1.4 Reaction to Noise Exposure

Since reaction is to noise, noise is a major determinant of reaction. Around 
major airports a majority of the population w ill perceive noise as disturbing 
daily activities. Nonetheless, large individual variation in reaction exists.

The likelihood of a negative reaction to aircraft noise is increased by a 
number of psychological factors. Thus, people who have negative attitude to 
aircraft noise or its source (aircraft, the airport, airport authorities) are more 
likely to be annoyed or dissatisfied by it. The belief that vibration due to 
aircraft noise causes structural damage to the home is also relevant here. 
Similarly, individuals who are fearful of the health and/or safety impacts of 
aircraft noise and its source are more likely to react negatively to it. For 
example, someone who believes that aircraft noise adversely affects their 
health, or that an aircraft might crash on their home are more likely to find it 
disturbing.

Noise-sensitive individuals have been found to react more negatively to 
aircraft noise than those who are not noise-sensitive. Evidence pertaining to 
the relationship between reaction to noise and other personality traits, 
including Type A/B profile, neuroticism/extraversion, negative affect, locus of 
control and non-complaining attitude is less consistent. Perceived inability 
to predict, control or adapt to the noise also increases the risk of negative 
reaction to it.

Australian data suggest that older individuals are less likely than younger 
individuals to report negative reactions to the noise, although the effect of 
age is small. However, this may reflect differences in recall and reporting 
rather than a difference in reaction itself. There appears to be no effect of 
gender or socio-economic status on reaction to noise.
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6.1.5 Psychological Health

Psychological factors which have been associated with increased potential 
for deleterious effects of noise on mental health include, high trait 
neuroticism, or anxiety. Individuals with latent mental illness, are also more 
likely to demonstrate psychiatric morbidity as a result of exposure to noise.

Noise-sensitivity has also been found to be a risk factor for noise-induced 
psychiatric morbidity, possibly because it indicates a latent potential for 
mental illness.

Individuals who perceive the noise as uncontrollable are at increased risk of 
"learned helplessness" and depression.

Females are more likely than males to suffer depression and other psychiatric 
illnesses (for example, see Seligman, 1991). It is not yet known whether 
noise exposure interacts with this effect.

6.1.6 Comments from Recent Sydney A irport Studies

Both the Proposed Third Runway Sydney (Kingsford Smith) Airport Draft 
Environmental Impact Statement (Kinhill, 1990) and the Report of the Senate 
Select Committee on Aircraft Noise in Sydney (Senate Select Committee on 
Aircraft Noise in Sydney, 1995) isolated a number of groups as potentially 
vulnerable to the negative impact of aircraft noise. However, selection of 
these groups was based largely on intuition, rather than close examination of 
the potential impacts of aircraft noise, and the groups which have been 
found to be particularly vulnerable to them. Further, neither Kinhill (1990) 
nor the Report of the Senate Select Committee on Aircraft Noise in Sydney 
(Senate Select Committee on Aircraft Noise in Sydney, 1995) distinguish 
clearly between vulnerability to a particular direct impact of aircraft noise 
and vulnerability to the consequences of such an impact.

Kinhill (1990) identifies young children, people with a poor command of 
English, shift workers, the elderly, the sick, and people who are at home a lot 
during the day as groups who are particularly vulnerable to the effects of 
noise.

The vulnerability of children was discussed mainly in terms of impaired 
speech intelligibility and consequent retardation of learning. Students are 
also identified as being vulnerable to noise-induced disturbance of 
educational activity. It must be explicitly recognised, however, that children 
are particularly vulnerable not just in virtue of engaging in educational 
activity, but because they require a stronger signal to noise ratio in order to 
achieve the same speech intelligibility as young adults. It was also reported 
that children have been shown to suffer noise-induced elevations in blood 
pressure. However, available data does not indicate that children are any 
more prone to this effect of noise exposure than adults, although it is 
conceivable that experience of this effect from a young age may result in 
serious problems later in life. It was argued that children seem somewhat 
immune to noise-induced hearing loss. However, failure to find hearing 
losses in children following noise exposure does not indicate that exposure 
has not had a negative impact. Exposure to aircraft noise may speed the
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processes of presbyacusis and socioacusis, but not be detectable as an 
immediate change in hearing acuity.

People with poor command of the English language were also presented as 
being more vulnerable than average to noise-induced speech disturbance 
(Kinhill, 1990). It was further hypothesised that this group and people of 
lower socio-economic status are more likely to be frustrated in any effort to 
overcome the problems potentially associated with aircraft noise exposure. 
However, overall socio-acoustic surveys have not supported a relationship 
between socio-economic status and reaction.

Shift-workers are identified as being particularly at risk of noise-induced 
sleep disturbance when they try to sleep during the day (Kinhill, 1990). No 
evidence is reported which resolves whether their increased risk is simply 
due to sleeping during non-curfew hours or whether their sleep is more 
easily disturbed, for example due to disruption of circadian rhythms.

Elderly people were presented as being at increased risk of noise-induced 
sleep disturbance, which may equate to greater susceptibility to negative 
health outcomes (Kinhill, 1990). It was also proposed that elderly people 
with impaired hearing may be especially prone to aural pain. However, it is 
hearing impairment rather than age which is central to this effect.

Patients of hospitals and nursing homes were considered to be at increased 
risk of noise-induced sleep disturbance (Kinhill, 1990). However, the point 
seems to be not that they are more likely to have sleep disrupted but that 
disruption is more likely to adversely effect health, due to the importance of 
sleep to recuperation.

Residents of noise affected areas who spend most of their day at home were 
also regarded as being more likely to suffer negative impacts of aircraft noise, 
presumably because of increased noise exposure (Kinhill, 1990). However, 
this claim would seem to rely on the assumption that individuals who are not 
at home are in an environment which is exposed to lower levels of aircraft 
noise. It not clear that this w ill be uniformly true. Further, available data 
suggests that the number of hours spent at home is not related to reaction. It 
is not yet known whether this is true of other noise outcomes.

The Report of the Senate Select Committee on Aircraft Noise in Sydney 
(Senate Select Committee on Aircraft Noise in Sydney, 1995) gives only 
limited consideration to vulnerable groups. Sleep loss was thought to be 
particularly problematic to children and the sick, again not because of these 
groups being more prone to disturbance but because of their being more 
likely to suffer negative consequences of it. The elderly were regarded as 
being particularly at risk of confusion and anxiety due to exposure 
throughout the day. This claim again depends on the unjustified assumption 
that people away from home have a lesser exposure to aircraft noise, as well 
as perhaps the assumption that elderly people are particularly liable to 
experience anxiety due to the noise. Some data in fact suggests that elderly 
react less to aircraft noise (for example, Hede and Bullen, 1982a), while 
meta-analysis indicates no relationship between age and reaction to noise 
(Fields, 1992a). The possibility that the sick are more adversely affected 
would require more careful investigation than it has received to date.
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6.2 Sensitive Land Uses and Recommended Sound  
Parameters

It is possible to specify sound parameters to minimise the likelihood of 
several potential outcomes of noise exposure. Unfortunately, available data 
are insufficient to provide such guidelines for all potential outcomes.

Different guidelines have been adopted by various authorities, and may not 
all be relevant to Australian conditions.

The following section provides guidelines for outcomes where relevant data 
are available, largely in terms of sound parameters. It is, however, critical to 
recognise that the impacts of noise are moderated by a wide range of non
acoustic variables.

In particular, health effects are often more closely related to reactions, such 
as annoyance, rather than noise exposure (for example, Hede and Bullen, 
1982a; Craeven, 1974; Lercher, 1996; Neus et al., 1983; Nivison and 
Endresen, 1993; Otten et al., 1990; Stansfeld, 1992). The causal sequence 
in such relationships has not been clearly identified but is consistent with the 
view that health effects are caused by reaction, not noise exposure per se. 
This fact, combined with potential overreaction to the change in noise, raises 
the possibility that any health effects of the proposed Second Sydney Airport 
w ill be greater than might be predicted on the basis of data regarding 
unchanged aircraft noise exposure.

6.2.1 Auditory Health

Aural Discom fort and Pain

Aural discomfort is experienced at sound pressure levels above 100-110 dB 
and acute pain begins at sound pressure levels above approximately 130 dB. 
However, lower levels than these are recommended to avoid discomfort and 
pain in among sensitive individuals, including the hearing impaired.

Tissue Dam age

There is a risk of rupture of the tympanic membrane at sound pressure levels 
in excess of 130-140 dBA, regardless of sound duration.

Hearing Loss (Im pairm ent)

On the basis of studies of workers continually exposed to noise during their 
working day it has been concluded that risk is negligible at noise exposure 
levels lower than 75 dB LAeq, 8h, but increases with increasing levels. 
Thus, risk should also be negligible with a four hour exposure to 78 dBA, a 
two hour exposure to 81 dBA, and a one hour exposure to 84 dBA.

Because aircraft noise tends to be intermittent, the risk it presents to hearing 
is lower still. However, the risk to hearing presented by aircraft noise may 
be increased by its low frequency component or concurrent exposure to 
other noise sources or ototoxic agents.
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Exposure to aircraft noise may increase the risk of occupational hearing loss 
such that, the limit of safe exposure may be reduced to 70 dB LAeq averaged 
over a 24-h day.

Finally, it should be noted that the data on hearing loss which are presented 
above are based on many years of exposure.

6.2.2 Performance and Activity

Sleep Disturbance

Sleep disturbance is a critical effect of aircraft noise exposure in dwellings, 
hospitals and preschools. In order to avoid the negative effects of noise on 
sleep, the maximum sound pressure levels of an intermittent noise source 
such as aircraft should not exceed 45dBA indoors. A lower limit of 40dB 
LAmax is recommended in residential areas with low backgrounds noise 
levels or in the homes of particularly susceptible individuals.

"Safe" outdoor values should be determined on the basis of the magnitude of 
the sound attenuation from outdoors to indoors, with particular 
consideration to whether the exposed individuals prefer to sleep with open 
windows. Outdoor levels are generally from 5-15 dBA higher than indoor 
levels with the windows open (see Berglund and Lindvall, 1995).

Im pairm ent of Voice Com m unication

In order to avoid impairment of voice communication, which is a critical 
effect of noise in dwellings, hospitals (including impaired detection of 
warning signals), schools and preschools, speech signals should always 
exceed background noise levels.

When the distance of the listener from the speaker is approximately two 
meters, relaxed conversation speech (54-55 dBA) is 100% intelligible only in 
background sound pressure levels of less than 45 dB LAeq, but reasonably 
intelligible in background sound pressure levels of 55 dBA Slightly more 
effortful speech (60dBA) is fairly intelligible in background sound pressure 
levels around 65 dB LAeq.

For outdoor speech communication, the "inverse square law ' applies. In 
order to remain intelligible the speech signal must increase by 3dBA for any 
doubling of speaker to listener distance, with background noise level 
constant. Inside, reverberation makes prediction of speech intelligibility 
more difficult.

For sensitive groups or when listening to complicated messages (at school, 
listening to foreign languages, telephone conversation) the speech signal 
should exceed background noise levels by at least 10 dBA, preferably 15 
dBA. Thus, it is recommended that the sound pressure level should not 
exceed 35 dB LAeq in class rooms during teaching sessions, so that spoken 
messages can be heard and understood. In outdoor playgrounds background 
sound pressure levels should not exceed 55 dB LAeq.
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For hearing impaired individuals inevitably the effect of noise depends on 
level of impairment, but generally the speech signal must exceed the 
background levels by about three to four decibels more than for individuals 
with normal hearing, to achieve equivalent speech intelligibility.

6.2.3 Reaction

Reaction is a critical impact of noise in dwellings, hospitals, schools, 
preschools and possibly work sites. To protect the majority of people from 
being seriously annoyed during the daytime, the sound pressure level from 
continuous noise in outdoor living areas should not exceed 55 dB LAeq. To 
protect the majority of people from being moderately annoyed during the 
daytime the sound pressure level outdoors should not exceed 50 dB LAeq.

These criterion sound pressure levels should be 5 to 10 dB lower during the 
evening and night than during the day.

It is critical that maximum sound pressure levels and the number of noise 
events over time be considered in predicting reaction to aircraft noise.

6.2.4 C omments from Recent Sydney A irport Studies

Proposed Third Runway Sydney (Kingsford Smith) Airport Draft 
Environmental Impact Statement (Kinhill, 1990) identifies as "sensitive land 
uses" facilities where:

■ speech communication is essential, for example for teaching, worship, 
theatre and meetings;

■ listening or relaxation is important, for example in listening to music, 
watching television, or sleeping;

■ exposure to noise places additional stress on people, in hospitals for 
example; and

■ low vibration is necessary, for example where electron microscopes are 
used.

Recommendations of the former Department of Aviation for noise levels for 
particular land uses was presented in Kinhill (1990) as Table 6 .1.

A number of submissions to the Senate Select Committee on Aircraft Noise 
in Sydney (Senate Select Committee on Aircraft Noise in Sydney, 1995) were 
relevant to the issue of sensitive land uses. For example, a number of 
complaints regarded interruption of church services (including funerals and 
wedding ceremonies) and fundraising activities at schools. Reported 
disturbance of educational activities has already been discussed, as has 
potential interference with recuperation due to noise-induced sleep loss. 
Medical staff also complained of difficulties obtaining patient histories or 
conducting therapies with constant interference by aircraft noise. Again, it 
must be recognised that whilst these submissions give an indication of 
feelings of some residents, they are of limited scientific merit.
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Table 6.1 La n d  u ses  an d  Associated n o ise  Levels (ANEF) w h ic h  are acceptable, 
w h ic h  are Acceptable Co nd it io nal  u po n  Inclusion  of Suitable n o ise  
Control Features in the b u ild in g , and  w h ic h  are unacceptable, in 
the V ic inity of Australian airports

Land u se

A N E F

A cc e p ta b le C on d itio n a l U n a c c e p ta b le

E du cation  fac ilities
adult <20 2 0 -2 5 * >25
p rim ary <20 2 0 -2 5 * >25
seco n d a ry <20 2 0 -2 5 * >25
o th e r <20 2 0 -2 5 * >25

H ealth  fa c ilities
h o sp ita ls <20 2 0 -2 5 * >25
o th er <20 2 0 -2 5 * >25

Child care  facilities <20 2 0 -2 5 * >25
Aged facilities

a c co m m o d a tio n <20 2 0 -2 5 * >25
d ay  ca re <20 2 0 -2 5 * >25

R ecrea tio n  fa c ilities
ind oor
ou td oor

<25 25-30
N o lim its specified , u ses v ary

>30

C o m m u n ity  facilities
resid en tia l/ n eig h b o u rh o od <25 25-30 >30

H ouses, h o m e u n its  and  flats <20 2 0 -2 5 ** >25
Places o f  w orship <20 2 0 -3 0 * >30
H otels, m o te ls  and  h ostels <25 2 5 -3 0 * >30
Public bu ild in g s <20 2 0 -3 0 * >30
C om m ercia l b u ild in g s <25 25-35+ >35+
Light in d u stria l bu ild in g s 

H eavy in d u stria l b u ild in g s

<30 30-40

A ccep table in  a ll A N E F  zones

>40

An an alysis  o f  bu ild ing noise reduction  requirem ents should  be m ade by an acou stic  consu ltant an d  an y  necessary  n oise con trol fea tu res  
in clu ded  in the design  o f  the bu ilding.

’ * Som e p eop le  m ay  fin d  the area w ithin  the 2 0 -2 5  A N E F con tou r in terval to be u n su itable fo r  resid en tia l use. L and use au thorities may 
con sider that the incorporation  o f  n o ise  control fea tu res in the construction  o f  residences is appropriate. 

t I f  the 35  A N E F  con tou r is not included in A N EF draw ings, this con tou r should be determ ined by interpolation .

Source: Kinhill Engineers, 1990.

6.3 Research Needs

6.3.1 O v e r v ie w

W hilst extensive research provides evidence for some effects of aircraft noise 
on health, performance and reaction, further research is required before a full 
understanding of the effects of noise is reached.

This section provides an outline of what the authors consider to be future 
research needs with respect to the effects of aircraft noise on health. It 
contains only the views of the authors of this Technical Paper and is not 
intended to represent the Commonwealth Government's or the Department
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of Transport and Regional Development's views, and is not endorsed by 
either of these entities.

6.3.2 Research Needs

Further research is required into the most reliable, valid and accurate 
measurement of noise and its health, performance and reaction outcomes. 
More thorough investigation of which noise index is most useful in 
predicting certain outcomes is also required. It may be the case that different 
noise indices are differentially effective in predicting different outcomes (see 
Job, 1993).

An important issue in the assessment of aircraft noise impact and the 
development of strategies for land use planning in the vicinity of airports is 
which of annoyance and dissatisfaction, or sleep disturbance is the most 
sensitive indicator of noise impact. (However, it should be noted that a 
composite index of reaction, which includes all these elements may provide 
a reasonable solution and has been used in some studies). It would assist in 
the evaluation of this question if contours of equal sleep disturbance could 
be developed and superimposed on maps of airports and their surrounds 
along with contours of equal annoyance and of noise exposure (for example, 
ANEF contours). There should be no technical difficulty in translating 
scenarios of various aircraft types and numbers into 'sleep disturbance 
contours' using the procedure developed by Passchier-Vermeer (1994). 
Application of contours may also facilitate the prediction of noise-induced 
sleep disturbances, particularly for shift workers. However corrections may 
be necessary depending on whether shiftworkers' susceptibility to noise- 
induced sleep disturbance is more, less or the same as for the general 
population.

There are many laboratory and cross-sectional community studies of the 
outcomes of exposure to aircraft noise. However, more longitudinal studies 
and long term studies of reaction to changes in noise levels are needed (see 
Lercher, 1996) to address several as yet unresolved issues. Firstly, such 
studies would provide an opportunity to disentangle the effects of noise from 
those of confounding factors such as socio-economic status (see Carter et al., 
1993). The discovery of poorer health in high than in low noise areas may 
simply reflea an effea of lower socio-economic status in high noise areas. 
However, a change in noise levels provides the opportunity of a pseudo- 
experimental design in which noise level is the independent variable. By 
testing the same individuals twice, under different noise conditions, variance 
due to confounding and modifying variables is controlled. Secondly, 
longitudinal designs offer the opportunity of assessing cumulative effeas of 
long-term exposure to noise and examining the influence of risk faaors. That 
is, it may be possible to predia which individuals are likely to be most 
negatively effeaed by noise exposure. Such prediaion is of clear praaical 
importance in terms of appropriate use of noise mitigation measures. Finally, 
longitudinal designs may be employed to evaluate the influence of using a 
"survivor" population. For example, it might be examined whether there are 
differences between residents who choose to stay in a high noise area and 
those who choose to leave it. It would also be useful to determine whether 
individuals who move out of a high noise area subsequently suffer less 
deleterious effects of noise than those who remain in residence. Such a

DEPARTMENT OF TRANSPORT AND REGIONAL DEVELOPMENT PACE 6-11



Second Sydney A irport

study is currently underway in relation to the introduction of the third 
runway at Sydney Airport (see Carter et al., 1996a, 1996b; Job et al., 1996a, 
1996b, 1996c, 1996c).

Community studies are required to substantiate findings for several potential 
outcomes of aircraft noise exposure, which have chiefly been examined in 
the laboratory. Similarly, the applicability of data regarding the effects of 
occupational noise to the prediction of the effects of aircraft noise should be 
evaluated. In particular, the study of noise-induced hearing impairment has 
largely been restricted to occupational and recreational (music) settings. 
These studies suggest that aircraft noise does not pose a significant risk to 
hearing, primarily because it is intermittent. However, the degree to which 
aircraft potentiates or accelerates hearing loss due to non-aircraft noise 
exposure (including occupational exposure) and due to ageing deserves 
further consideration.

The role of variables which mediate or moderate the influence the effects of 
exposure to aircraft noise, requires further investigation. For example, better 
understanding of the nature of, and causal role(s) of, noise sensitivity would 
allow increase the usefulness of the concept. Whilst, "noise sensitivity" is 
associated with a wide range of outcomes of noise exposure, including 
cardiovascular effects, general health effects, sleep disturbance, reaction and 
mental health effects, its usefulness as an indicator of risk w ill remain 
dubious until it is defined (or validated) and studied independently of these 
outcomes. Validation of self-reported sensitivity has occurred to some 
extent, but could be broadened to include numerous noise-reactivity 
measures. Furthermore, noise sensitivity is commonly comprised of more 
than one factor (Job and Hede, 1989; Bullen et al., 1991). The separate 
validation of each factor would be useful. Similarly, delineation of the 
causal role of attitude in reaction would be beneficial. Job (1993) and 
Lercher (1996) have suggested that further research into the role of Locus of 
Control, Type A versus Type B personality and learned helplessness would 
also be profitable.

Very few studies examine the effects of aircraft noise on blood pressure 
elevation in the field. Further research should correct this deficiency.

Further studies should examine hospital admissions with better control for 
potential confounding variables, such as age, gender, socio-economic status, 
and previous noise exposure.

Research based on a new procedure for assessing the impact of aircraft noise 
on sleep should be conducted in the vicinity of Australian airports. A novel 
procedure for predicting the average maximum number of awakenings 
and/or sleep stage changes per person per year due to night time aircraft 
noise has been proposed by Passchier-Vermeer (1994) and adopted as the 
basis for regulations by the Netherlands government. The procedure is based 
on dose/response relation (percentage awakening versus LAmax or SEL) 
derived from all the major field studies of aircraft noise and sleep reported to 
the time the procedure was developed, which agrees well with the more 
recent studies conducted in the US by Fidell and associates. The procedure 
also adopts a rule for estimating the effect of number of aircraft flyovers, and 
results in the calculation of an LAeq for all aircraft noise events overnight.
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Prediction and potential regulation of the average number of aircraft noise- 
induced awakenings and changes in sleep stage distribution per year may be 
based on this LAeq.

Measured in terms of awakening, sleep disturbance is related to noise by a 
reliable does-response function. However, it is important also to consider 
the time spent awake following awakening. Individuals who find it difficult 
to return to sleep following awakening are paradoxically likely to experience 
less awakenings, thus giving the impression of minimal sleep disturbance in 
spite of being awake for extended periods of time. O nly polygraphic 
measures can provide an estimate of the time spent awake.

A number of potential risk factors for noise-induced sleep disturbance require 
further research attention. For example. Carter and colleagues (Carter and 
Hunyor, 1988, Hunyor, et al, 1992a; Carter, et al, 1992b) have 
recommended further research into the effects of noise on previously existing 
cardiac arrhythmias both in subjects with higher grade (more serious) 
arrhythmias, and utilising common environmental noises of sudden onset 
(such as noise from low flying military aircraft) Further, given the apparent 
importance of attitude in the noise source in determining reaction to the 
noise, it could be potentially important to consider the effect of this variable 
on noise-induced sleep disturbance. It is also critical to test the hypothesis 
that sick individuals are liable to suffer more as a result of noise-induced 
sleep disturbance due to the necessity of sleep for recuperation. Carter 
(1996a) has made other relevant suggestions for research on the effects of 
noise on sleep.

The mechanisms underlying overreaction to changes in noise exposure are 
also not yet fully understood. People who receive a sudden increase in 
noise exposure show a large increase in reaction to a level beyond that 
expected from the new exposure level (see Raw and Griffiths, 1990; Job, 
1988a). Adaptation/habituation is unlikely to be the explanation of this 
effect, because adaptation/habituation of noise reaction is thought to be 
minimal (Weinstein, 1982). Research should focus on disentangling 
competing theories of (and therefore factors of practical relevance to the 
effect) (Brown, 1987; Raw and Griffiths, 1990; Job, 1988a).

Evaluation of the longer term effect of insulation of homes affected by 
Sydney Airport should be a priority.

Reaction to noise seems to have escalated in the last twenty years. This 
change is potentially due to greater publicity regarding the noise problem, 
greater awareness of the noise problem, greater concern with environmental 
issues in general, higher expectations about the local environment or greater 
expectation of political influence by (groups of) individuals. Careful 
evaluations of this effect and the reasons for it are required.

It would be of interest to examine the relationships between directly 
measured indices of fear of aircraft and/or aircraft noise and self-reported 
fear. There are a number of objectively measurable effects of fear of noise. 
For example, fear should be reflected in reduced habituation of the orienting 
and startle responses, greater vasoconstriction and possibly greater elevation 
of blood pressure. It would be profitable to compare subjects who report 
high versus no fear in surveys in terms of these indices of fear.
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Given the practical importance of identifying which groups are particularly at 
risk for various effects of noise exposure, further research should be aimed at 
identifying risk factors. A number of potentially vulnerable groups, including 
children, the aged, and the ill, and shiftworkers have been proposed. 
However, examination of such hypotheses has been scant and restricted to 
only a few potential noise exposure outcomes. Thus, for example it is 
unclear to what degree the sleep disturbances suffered by shift workers are in 
fact due to aircraft noise exposure rather than disruption of circadian rhythms 
due to sleeping during the day. Nor is it clear whether they would benefit 
overall from a reduction daytime aircraft noise exposure. As suggested by 
Kinhill (1990), research should be directed toward an understanding of the 
particular risks faced by supposedly "vulnerable" groups.
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