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Guidelines for Community Noise
3. Adverse health effects of noise

3.1 Introduction

The perception of sounds in day-to-day life is of major importance for human well-being.
Communication through speech, sounds from playing children, music, natural sounds in
parklands, parks and gardens are all examples of sounds essential for satisfaction in
every day life. Conversely, this document is related to the adverse effects of sound
(noise). According to the International Programme on Chemical Safety (WHO 1994), an
adverse effect of noise is defined as a change in the morphology and physiology of an
organism that results in impairment of functional capacity, or an impairment of capacity
to compensate for additional stress, or increases the susceptibility of an organism to the
harmful effects of other environmental influences. This definition includes any temporary
or long-term lowering of the physical, psychological or social functioning of humans or
human organs. The health significance of noise pollution is given in this chapter under
separate headings, according to the specific effects: noise-induced hearing impairment;
interference with speech communication; disturbance of rest and sleep;
psychophysiological, mental-health and performance effects; effects on residential
behaviour and annoyance; as well as interference with intended activities. This chapter
also considers vulnerable groups and the combined effects of sounds from different
sources. Conclusions based on the details given in this chapter are given in Chapter 4
as they relate to guideline values.

[
3.3 Sleep disturbance

Uninterrupted sleep is known to be a prerequisite for good physiological and mental
functioning of healthy persons (Hobson 1989); sleep disturbance, on the other hand, is
considered to be a major environmental noise effect. It is estimated that 80-90% of the
reported cases of sleep disturbance in noisy environments are for reasons other than
noise originating outdoors, for example, sanitary needs; indoor noises from other
occupants; worries; illness; and climate (e.g. Reyner & Horne 1995). Our understanding
of the impact of noise exposure on sleep stems mainly from experimental research in
controlled environments. Field studies conducted with people in their normal living
situations are scarce. Most of the more recent field research on sleep disturbance has
been conducted for aircraft noise (Fidell et al. 1994 1995a,b 1998; Horne et al. 1994
1995; Maschke et al. 1995 1996; Ollerhead et al. 1992; Passchier-Vermeer 1999).
Other field studies have examined the effects of road traffic and railway noise (Griefahn
et al. 1996 1998).

The primary sleep disturbance effects are: difficulty in falling asleep (increased sleep
latency time); awakenings; and alterations of sleep stages or depth, especially a
reduction in the proportion of REM-sleep (REM = rapid eye movement) (Hobson 1989).
Other primary physiological effects can also be induced by noise during sleep, including
increased blood pressure; increased heart rate; increased finger pulse amplitude;
vasoconstriction; changes in respiration; cardiac arrhythmia; and an increase in body



movements (cf. Berglund & Lindvall 1995). For each of these physiological effects, both
the noise threshold and the noise-response relationships may be different. Different
noises may also have different information content and this also could affect
physiological threshold and noise-response relationships (Edworthy 1998).

Exposure to night-time noise also induces secondary effects, or so-called after effects.
These are effects that can be measured the day following the night-time exposure, while
the individual is awake. The secondary effects include reduced perceived sleep quality;
increased fatigue; depressed mood or well-being; and decreased performance
(Ohrstrom 1993a; Passchier-Vermeer 1993; Carter 1996; Pearsons et al. 1995;
Pearsons 1998).

Long-term effects on psychosocial well-being have also been related to noise exposure
during the night (Ohrstrém 1991). Noise annoyance during the night-time increased the
total noise annoyance expressed by people in the following 24 h. Various studies have
also shown that people living in areas exposed to night-time noise have an increased
use of sedatives or sleeping pills. Other frequently reported behavioural effects of night-
time noise include closed bedroom windows and use of personal hearing protection.
Sensitive groups include the elderly, shift workers, persons especially vulnerable to
physical or mental disorders and other individuals with sleeping difficulties.

Questionnaire data indicate the importance of night-time noise on the perception of
sleep quality. A recent Japanese investigation was conducted for 3 600 women (20-80
years old) living in eight roadside zones with different road traffic noise. The results
showed that four measures of perceived sleep quality (difficulty in falling asleep; waking
up during sleep; waking up too early; feelings of sleeplessness one or more days a
week) correlated significantly with the average traffic volumes during night-time. An in-
depth investigation of 19 insomnia cases and their matched controls (age,work)
measured outdoor and indoor sound pressure levels during sleep (Kageyama et al.
1997). The study showed that road traffic noise in excess of 30 dB LAeq for nighttime
induced sleep disturbance, consistent with the results of Ohrstrom (1993b).

Meta-analyses of field and laboratory studies have suggested that there is a relationship
between the SEL for a single night-time noise event and the percentage of people
awakened, or who showed sleep stage changes (e.g. Ollerhead et al. 1992; Passchier-
Vermeer 1993; Finegold et al. 1994; Pearsons et al. 1995). All of these studies
assumed that the number of awakenings per night for each SEL value is proportional to
the number of night-time noise events. However, the results have been criticized for
methodological reasons. For example, there were small groups of sleepers; too few
original studies; and indoor exposure was estimated from outdoor sound pressure levels
(NRC-CNRC 1994; Beersma & Altena 1995; Vallet 1998). The most important result of
the meta-analyses is that there is a clear difference in the dose-response curves for
laboratory and field studies, and that noise has a lower effect under real-life conditions
(Pearsons et al. 1995; Pearsons 1998).

However, this result has been questioned, because the studies were not controlled for
such things as the sound insulation of the buildings, and the number of bedrooms with
closed windows. Also, only two indicators of sleep disturbance were considered
(awakening and sleep stage changes). The meta-analyses thus neglected other
important sleep disturbance effects (Ohrstrom 1993b; Carter et al. 1994a; Carter et al.
1994b; Carter 1996; Kuwano et al. 1998). For example, for road traffic noise, perceived
sleep quality is related both to the time needed to fall asleep and the total sleep time
(Ohrstrom & Bjorkman 1988). Individuals who are more sensitive to noise (as assessed



by different questionnaires) report worse sleep quality both in field studies and in
laboratory studies.

A further criticism of the meta-analyses is that laboratory experiments have shown that
habituation to night-time noise events occurs, and that noise-induced awakening
decreases with increasing number of sound exposures per night. This is in contrast to
the assumption used in the meta-analyses, that the percentage of awakenings is
linearly proportional to the number of night-time noise events. Studies have also shown
that the frequency of noise-induced awakenings decreases for at least the first eight
consecutive nights. So far, habituation has been shown for awakenings, but not for
heart rate and after effects such as perceived sleep quality, mood and performance
(Ohrstrém and Bjorkman 1988).

Other studies suggest that it is the difference in sound pressure levels between a noise
event and background, rather than the absolute sound pressure level of the noise event,
that determines the reaction probability. The time interval between two noise events
also has an important influence of the probability of obtaining a response (Griefahn
1977, cf. Berglund & Lindvall 1995). Another possible factor is the person’s age, with
older persons having an increased probability of awakening. However, one field study
showed that noise-induced awakenings are independent of age (Reyner & Horne 1995).

For a good sleep, it is believed that indoor sound pressure levels should not exceed
approximately 45 dB LAmax more than 10-15 times per night (Vallet & Vernet 1991),
and most studies show an increase in the percentage of awakenings at SEL values of
55—-60 dBA (Passchier-Vermeer 1993; Finegold et al. 1994; Pearsons et al. 1995). For
intermittent events that approximate aircraft noise, with an effective duration of 10-30 s,
SEL values of 55-60 dBA correspond to a LAmax value of 45 dB. Ten to 15 of these
events during an eight-hour night-time implies an LAeq,8h of 20-25 dB. This is 5-10 dB
below the LAeq,8h of 30 dB for continuous night-time noise exposure, and shows that
the intermittent character of noise has to be taken into account when setting night-time
limits for noise exposure. For example, this can be achieved by considering the number
of noise events and the difference between the maximum sound pressure level and the
background level of these events.

Special attention should also be given to the following considerations:

¢ Noise sources in an environment with a low background noise level. For
example, night-traffic in suburban residential areas.

e Environments where a combination of noise and vibrations are produced. For
example, railway noise, heavy duty vehicles.

e Sources with low-frequency components. Disturbances may occur even though
the sound pressure level during exposure is below 30 dBA.

If negative effects on sleep are to be avoided the equivalent sound pressure level
should not exceed 30 dBA indoors for continuous noise. If the noise is not continuous,
sleep disturbance correlates best with LAmax and effects have been observed at 45 dB
or less. This is particularly true if the background level is low. Noise events exceeding
45 dBA should therefore be limited if possible. For sensitive people an even lower limit
would be preferred. It should be noted that it should be possible to sleep with a
bedroom window slightly open (a reduction from outside to inside of 15 dB). To prevent
sleep disturbances, one should thus consider the equivalent sound pressure level and



the number and level of sound events. Mitigation targeted to the first part of the night is
believed to be effective for the ability to fall asleep.

3.4 Cardiovascular and physiological effects

Epidemiological and laboratory studies involving workers exposed to occupational
noise, and general populations (including children) living in noisy areas around airports,
industries and noisy streets, indicate that noise may have both temporary and
permanent impacts on physiological functions in humans. It has been postulated that
noise acts as an environmental stressor (for a review see Passchier-Vermeer 1993;
Berglund & Lindvall 1995). Acute noise exposures activate the autonomic and hormonal
systems, leading to temporary changes such as increased blood pressure, increased
heart rate and vasoconstriction. After prolonged exposure, susceptible individuals in the
general population may develop permanent effects, such as hypertension and
ischaemic heart disease associated with exposures to high sound pressure levels (for a
review see Passchier-Vermeer 1993; Berglund & Lindvall 1995). The magnitude and
duration of the effects are determined in part by individual characteristics, lifestyle
behaviours and environmental conditions. Sounds also evoke reflex responses,
particularly when they are unfamiliar and have a sudden onset.

Laboratory experiments and field quasi-experiments show that if noise exposure is
temporary, the physiological system usually returns - after the exposure terminates - to
a normal (pre-exposure) state within a time in the range of the exposure duration. If the
exposure is of sufficient intensity and unpredictability, cardiovascular and hormonal
responses may appear, including increases in heart rate and peripheral vascular
resistance; changes in blood pressure, blood viscosity and blood lipids; and shifts in
electrolyte balance (Mg/Ca) and hormonal levels (epinephrine, norepinephrine, cortisol).
The first four effects are of interest because of noise-related coronary heart disease
(Ising & Gunther 1997). Laboratory and clinical data suggest that noise may significantly
elevate gastrointestinal motility in humans.

By far the greatest number of occupational and community noise studies have focused
on the possibility that noise may be a risk factor for cardiovascular disease. Many
studies in occupational settings have indicated that workers exposed to high levels of
industrial noise for 5-30 years have increased blood pressure and statistically
significant increases in risk for hypertension, compared to workers in control areas
(Passchier-Vermeer 1993). In contrast, only a few studies on environmental noise have
shown that populations living in noisy areas around airports and on noisy streets have
an increased risk for hypertension. The overall evidence suggests a weak association
between long-term environmental noise exposure and hypertension (HCN 1994,
Berglund & Lindvall 1995; IEH 1997), and no dose-response relationships could be
established.

Recently, an updated summary of available studies for ischaemic heart disease has
been presented (Babisch 1998a; Babisch 1998b; Babisch et al. 1999; see also
Thompson 1996). The studies reviewed include case-control and cross-sectional
designs, as well as three longitudinal studies. However, it has not yet been possible to
conduct the most advanced quantitative integrated analysis of the available studies.
Relative risks and their confidence intervals could be estimated only for the classes of
high noise levels (mostly >65 dBA during daytime) and low levels (mostly <55 dBA
during daytime), rather than a range of exposure levels. For methodological reasons
identified in the meta-analysis, a cautious interpretation of the results is warranted
(Lercher et al. 1998).



Prospective studies that controlled for confounding factors suggest an increase in
ischaemic heart disease when the noise levels exceed 65-70 dB for LAeq (6—-22). (For
road traffic noise, the difference between LAeq (6-22h) and LAeq,24h usually is of the
order of 1.5 dB). When orientation of the bedroom, window opening habits and years of
exposure are taken into account, the risk of heart disease is slightly higher (Babisch et
al. 1998; Babisch et al. 1999). However, disposition, behavioural and environmental
factors were not sufficiently accounted for in the analyses carried out to date. In
epidemiological studies the lowest level at which traffic noise had an effect on ischaemic
heart disease was 70 dB for LAeq,24h (HCN 1994).

The overall conclusion is that cardiovascular effects are associated with long-term
exposure to LAeq,24h values in the range of 65-70 dB or more, for both air- and road-
traffic noise. However, the associations are weak and the effect is somewhat stronger
for ischaemic heart disease than for hypertension. Nevertheless, such small risks are
potentially important because a large number of persons are currently exposed to these
noise levels, or are likely to be exposed in the future. Furthermore, only the average risk
is considered and sensitive subgroups of the populations have not been sufficiently
characterized. For example, a 10% increase in risk factors (a relative risk of 1.1) may
imply an increase of up to 200 cases per 100 000 people at risk per year. Other
observed psychophysiological effects, such as changes in stress hormones,
magnesium levels, immunological indicators, and gastrointestinal disturbances are too
inconsistent for conclusions to be drawn about the influence of noise pollution.

3.5 Mental health effects

Mental health is defined as the absence of identifiable psychiatric disorders according to
current norms (Freeman 1984). Environmental noise is not believed to be a direct cause
of mental illness, but it is assumed that it accelerates and intensifies the development of
latent mental disorder. Studies on the adverse effects of environmental noise on mental
health cover a variety of symptoms, including anxiety; emotional stress; nervous
complaints; nausea; headaches; instability; argumentativeness; sexual impotency;
changes in mood; increase in social conflicts, as well as general psychiatric disorders
such as neurosis, psychosis and hysteria. Large-scale population studies have
suggested associations between noise exposure and a variety of mental health
indicators, such as single rating of well-being; standard psychological symptom profiles;
the intake of psychotropic drugs; and consumption of tranquilizers and sleeping pills.
Early studies showed a weak association between exposure to aircraft noise and
psychiatric hospital admissions in the general population surrounding an airport (see
also Berglund & Lindvall 1995). However, the studies have been criticized because of
problems in selecting variables and in response bias (Halpern 1995).

Exposure to high levels of occupational noise has been associated with development of
neurosis and irritability; and exposure to high levels of environmental noise with
deteriorated mental health (Stansfeld 1992). However, the findings on environmental
noise and mental health effects are inconclusive (HCN 1994; Berglund & Lindvall 1995;
IEH 1997). The only longitudinal study in this field (Stansfeld et al. 1996) showed an
association between the initial level of road traffic noise and minor psychiatric disorders,
although the association for increased anxiety was weak and non-linear. It turned out
that psychiatric disorders are associated with noise sensitivity, rather than with noise
exposure, and the association was found to disappear after adjustment for baseline trait
anxiety. These and other results show the importance of taking vulnerable groups into
account, because they may not be able to cope sufficiently with unwanted



environmental noise (e.g. Stansfeld 1992). This is particularly true of children, the
elderly and people with pre-existing ilinesses, especially depression (IEH 1997). Despite
the weaknesses of the various studies, the possibility that community noise has adverse
effects on mental health is suggested by studies on the use of medical drugs, such as
tranquilizers and sleeping pills, on psychiatric symptoms and on mental hospital
admission rates.

3.6 The effects of noise on performance

It has been documented in both laboratory subjects and in workers exposed to
occupational noise, that noise adversely affects cognitive task performance. In children,
too, environmental noise impairs a number of cognitive and motivational parameters
(Cohen et al. 1980; Evans & Lepore 1993; Evans 1998; Hygge et al. 1998; Haines et al.
1998). However, there are no published studies on whether environmental noise at
home also impairs cognitive performance in adults. Accidents may also be an indicator
of performance deficits. The few field studies on the effects of noise on performance
and safety showed that noise may produce some task impairment and increase the
number of errors in work, but the effects depend on the type of noise and the task being
performed (Smith 1990).

Laboratory and workplace studies showed that noise can act as a distracting stimulus.
Also, impulsive noise events (e.g. sonic booms) may produce disruptive effects as a
result of startle responses. In the short term, noise-induced arousal may produce better
performance of simple tasks, but cognitive performance deteriorates substantially for
more complex tasks (i.e. tasks that require sustained attention to details or to multiple
cues; or tasks that demand a large capacity of working memory, such as complex
analytical processes). Some of the effects are related to loss in auditory comprehension
and language acquisition, but others are not (Evans & Maxwell 1997). Among the
cognitive effects, reading, attention, problem solving and memory are most strongly
affected by noise. The observed effects on motivation, as measured by persistence with
a difficult cognitive task, may either be independent or secondary to the aforementioned
cognitive impairments.

Two types of memory deficits have been identified under experimental noise exposure:
incidental memory and memory for materials that the observer was not explicitly
instructed to focus on during a learning phase. For example, when presenting semantic
information to subjects in the presence of noise, recall of the information content was
unaffected, but the subjects were significantly less able to recall, for example, in which
corner of the slide a word had been located. There is also some evidence that the lack
of "helping behavior" that was noted under experimental noise exposure may be related
to inattention to incidental cues (Berglund & Lindvall 1995). 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
were required to recall in sequence letters that they had just heard, subjects recalled
recent items better under noisy conditions, but made more errors farther back into the
list.

Experimental noise exposure consistently produces negative after-effects on
performance (Glass & Singer 1972). Following exposure to aircraft noise, schoolchildren
in the vicinity of Los Angeles airport were found to be deficient in proofreading, and in
persistence with challenging puzzles (Cohen et al. 1980). The uncontrollability of noise,
rather than the intensity of the noise, appears to be the most critical variable. The only
prospective study on noise-exposed schoolchildren, designed around the move of the



Munich airport (Hygge et al. 1996; Evans et al. 1998), confirmed the results of
laboratory and workplace studies in adults, as well the results of the Los Angeles airport
study with children (Cohen et al. 1980). An important finding was that some of the
adaptation strategies for dealing with aircraft noise, such as tuning out or ignoring the
noise, and the effort necessary to maintain task performance, come at a price. There is
heightened sympathetic arousal, as indicated by increased levels of stress hormone,
and elevation of resting blood pressure (Evans et al. 1995; Evans et al. 1998). Notably,
in the airport studies reported above, the adverse effects were larger in children with
lower school achievement.

For aircraft noise, it has been shown that chronic exposure during early childhood
appears to impair reading acquisition and reduces motivational capabilities. Of recent
concern are concomitant psychophysiological changes (blood pressure and stress
hormone levels). Evidence indicates that the longer the exposure, the greater the
damage. It seems clear that daycare centers and schools should not be located near
major sources of noise, such as highways, airports and industrial sites.

3.7 Effects of Noise on Residential Behaviour and Annoyance

Noise annoyance is a global phenomenon. A definition of annoyance is "a feeling of
displeasure associated with any agent or condition, known or believed by an individual
or group to adversely affect them" (Lindvall & Radford 1973; Koelega 1987). However,
apart from "annoyance", people may feel a variety of negative emotions when exposed
to community noise, and may report anger, disappointment, dissatisfaction, withdrawal,
helplessness, depression, anxiety, distraction, agitation, or exhaustion (Job 1993; Fields
et al. 1997 1998). Thus, although the term annoyance does not cover all the negative
reactions, it is used for convenience in this document.

Noise can produce a number of social and behavioural effects in residents, besides
annoyance (for review see Berglund & Lindvall 1995). The social and behavioural
effects are often complex, subtle and indirect. Many of the effects are assumed to be
the result of interactions with a number of non-auditory variables. Social and
behavioural effects include changes in overt everyday behaviour patterns (e.g. closing
windows, not using balconies, turning TV and radio to louder levels, writing petitions,
complaining to authorities); adverse changes in social behaviour (e.g. aggression,
unfriendliness, disengagement, non-participation); adverse changes in social indicators
(e.g. residential mobility, hospital admissions, drug consumption, accident rates); and
changes in mood (e.g. less happy, more depressed).

Although changes in social behaviour, such as a reduction in helpfulness and increased
aggressiveness, are associated with noise exposure, noise exposure alone is not
believed to be sufficient to produce aggression. However, in combination with
provocation or pre-existing anger or hostility, it may trigger aggression. It has also been
suspected that people are less willing to help, both during exposure and for a period
after exposure. Fairly consistent evidence shows that noise above 80 dBA is associated
with reduced helping behaviour and increased aggressive behaviour. Particularly, there
is concern that high-level continuous noise exposures may contribute to the
susceptibility of schoolchildren to feelings of helplessness (Evans & Lepore 1993)

The effects of community noise can be evaluated by assessing the extent of annoyance
(low, moderate, high) among exposed individuals; or by assessing the disturbance of
specific activities, such as reading, watching television and communication. The
relationship between annoyance and activity disturbances is not necessarily direct and



there are examples of situations where the extent of annoyance is low, despite a high
level of activity disturbance. For aircraft noise, the most important effects are
interference with rest, recreation and watching television. This is in contrast to road
traffic noise, where sleep disturbance is the predominant effect (Berglund & Lindvall
1995).

A number of studies have shown that equal levels of traffic and industrial noises result
in different magnitudes of annoyance (Hall et al. 1981, Griffiths 1983; Miedema 1993;
Bradley 1994a; Miedema & Vos 1998). This has led to criticism (e.g. Kryter 1994;
Bradley 1994a) of averaged dose-response curves determined by meta-analysis, which
assumed that all traffic noises are the same (Fidell et al. 1991; Fields 1994a; Finegold
et al. 1994). Schultz (1978) and Miedema & Vos (1998) have synthesized curves of
annoyance associated with three types of traffic noise (road, air, railway). In these
curves, the percentage of people highly or moderately annoyed was related to the day
and night continuous equivalent sound level, Ldn. For each of the three types of traffic
noise, the percentage of highly annoyed persons in a population started to increase at
an Ldn value of 42 dBA, and the percentage of moderately annoyed persons at an Ldn
value of 37 dBA (Miedema & Vos 1998). Aircraft noise produced a stronger annoyance
response than road traffic, for the same Ldn exposure, consistent with earlier analyses
(Kryter 1994; Bradley 1994a). However, caution should be exercised when interpreting
synthesized data from different studies, since five major parameters should be randomly
distributed for the analyses to be valid: personal, demographic, and lifestyle factors, as
well as the duration of noise exposure and the population experience with noise (Kryter
1994).

Annoyance in populations exposed to environmental noise varies not only with the
acoustical characteristics of the noise (source, exposure), but also with many non-
acoustical factors of social, psychological, or economic nature (Fields 1993). These
factors include fear associated with the noise source, conviction that the noise could be
reduced by third parties, individual noise sensitivity, the degree to which an individual
feels able to control the noise (coping strategies), and whether the noise originates from
an important economic activity. Demographic variables such as age, sex and
socioeconomic status, are less strongly associated with annoyance. The correlation
between noise exposure and general annoyance is much higher at the group level than
at the individual level, as might be expected. Data from 42 surveys showed that at the
group level about 70% of the variance in annoyance is explained by noise exposure
characteristics, whereas at the individual level it is typically about 20% (Job 1988).

When the type and amount of noise exposure is kept constant in the meta-analyses,
differences between communities, regions and countries still exist (Fields 1990; Bradley
1996). This is well demonstrated by a comparison of the dose-response curve
determined for road-traffic noise (Miedema & Vos 1998) and that obtained in a survey
along the North-South transportation route through the Austrian Alps (Lercher 1998b).
The differences may be explained in terms of the influence of topography and
meteorological factors on acoustical measures, as well as the low background noise
level on the mountain slopes.

Stronger reactions have been observed when noise is accompanied by vibrations and
contains low frequency components (Paulsen & Kastka 1995; Ohrstrom 1997; for
review see Berglund et al. 1996), or when the noise contains impulses, such as
shooting noise (Buchta 1996; Vos 1996; Smoorenburg 1998). Stronger, but temporary,
reactions also occur when noise exposure is increased over time, in comparison to



situations with constant noise exposure (e.g. HCN 1997; Kleeboe et al. 1998).
Conversely, for road traffic noise, the introduction of noise protection barriers in
residential areas resulted in smaller reductions in annoyance than expected for a
stationary situation (Kastka et al. 1995).

To obtain an indicator for annoyance, other methods of combining parameters of noise
exposure have been extensively tested, in addition to metrics such as LAeq,24h and
Ldn. When used for a set of community noises, these indicators correlate well both
among themselves and with LAeq,24h or Ldn values (e.g. HCN 1997). Although
LAeq,24h and Ldn are in most cases acceptable approximations, there is a growing
concern that all the component parameters of the noise should be individually assessed
in noise exposure investigations, at least in the complex cases (Berglund & Lindvall
1995).

3.8 The effects of combined noise sources

Many acoustical environments consist of sounds from more than one source. For these
environments, health effects are associated with the total noise exposure, rather than
with the noise from a single source (WHO 1980b). When considering hearing
impairment, for example, the total noise exposure can be expressed in terms of
LAeq,24h for the combined sources. For other adverse health effects, however, such a
simple model most likely will not apply. It is possible that some disturbances (e.g.
speech interference, sleep disturbance) may more easily be attributed to specific
noises. In cases where one noise source clearly dominates, the magnitude of an effect
may be assessed by taking into account the dominant source only (HCN 1997).
Furthermore, at a policy level, there may be little need to identify the adverse effect of
each specific noise, unless the responsibility for these effects is to be shared among
several polluters (cf. The Polluter Pays Principle in Chapter 5, UNCED 1992).

There is no consensus on a model for assessing the total annoyance due to a
combination of environmental noise sources. This is partly due to a lack of research into
the temporal patterns of combined noises. The current approach for assessing the
effects of "mixed noise sources" is limited to data on "total annoyance" transformed to
mathematical principles or rules of thumb (Ronnebaum et al. 1996; Vos 1992; Miedema
1996; Berglund & Nilsson 1997). Models to assess the total annoyance of combinations
of environmental noises may not be applicable to those health effects for which the
mechanisms of noise interaction are unknown, and for which different cumulative or
synergistic effects cannot be ruled out. When noise is combined with different types of
environmental agents, such as vibrations, ototoxic chemicals, or chemical odours, again
there is insufficient knowledge to accurately assess the combined effects on health
(Berglund & Lindvall 1995; HCN 1994; Miedema 1996; Zeichart 1998; Passchier-
Vermeer & Zeichart 1998). Therefore, caution should be exercised when trying to
predict the adverse health effects of combined factors in residential populations.

The evidence on low-frequency noise is sufficiently strong to warrant immediate
concern. Various industrial sources emit continuous low-frequency noise (compressors,
pumps, diesel engines, fans, public works); and large aircraft, heavy-duty vehicles and
railway traffic produce intermittent low-frequency noise. Low-frequency noise may also
produce vibrations and rattles as secondary effects. Health effects due to low-frequency
components in noise are estimated to be more severe than for community noises in
general (Berglund et al. 1996). Since A-weighting underestimates the sound pressure
level of noise with low-frequency components, a better assessment of health effects
would be to use C-weighting.



In residential populations heavy noise pollution will most certainly be associated with a
combination of health effects. For example, cardiovascular disease, annoyance, speech
interference at work and at home, and sleep disturbance. Therefore, it is important that
the total adverse health load over 24 hours be considered and that the precautionary
principle for sustainable development is applied in the management of health effects
(see Chapter 5).

3.9 Vulnerable groups

Protective standards are essentially derived from observations on the health effects of
noise on "normal” or "average" populations. The participants of these investigations are
selected from the general population and are usually adults. Sometimes, samples of
participants are selected because of their easy availability. However, vulnerable groups
of people are typically underrepresented. This group includes people with decreased
personal abilities (old, ill, or depressed people); people with particular diseases or
medical problems; people dealing with complex cognitive tasks, such as reading
acquisition; people who are blind or who have hearing impairment; fetuses, babies and
young children; and the elderly in general (Jansen 1987; AAP 1997). These people may
be less able to cope with the impacts of noise exposure and be at greater risk for
harmful effects.

Persons with impaired hearing are the most adversely affected with respect to speech
intelligibility. Even slight hearing impairments in the high-frequency range may cause
problems with speech perception in a noisy environment. From about 40 years of age,
people typically demonstrate an impaired ability to understand difficult, spoken
messages with low linguistic redundancy. Therefore, based on interference with speech
perception, a majority of the population belongs to the vulnerable group.

Children have also been identified as vulnerable to noise exposure (see Agenda 21:
UNCED 1992). The evidence on noise pollution and children’s health is strong enough
to warrant monitoring programmes at schools and preschools to protect children from
the effects of noise. Follow up programmes to study the main health effects of noise on
children, including effects on speech perception and reading acquisition, are also
warranted in heavily noise polluted areas (Cohen et al. 1986; Evans et al. 1998).

The issue of vulnerable subgroups in the general population should thus be considered
when developing regulations or recommendations for the management of community
noise. This consideration should take into account the types of effects (communication,
recreation, annoyance, etc.), specific environments (in utero, incubator, home, school,
workplace, public institutions, etc.) and specific lifestyles (listening to loud music through
headphones, or at discotheques and festivals; motor cycling, etc.).



4. Guideline Values

4.1 Introduction

The human ear and lower auditory system continuously receive stimuli from the world
around us. However, this does not mean that all the acoustical inputs are necessarily
disturbing or have harmful effects. This is because the auditory nerve provides
activating impulses to the brain that enable us to regulate the vigilance and wakefulness
necessary for optimal performance. On the other hand, there are scientific reports that a
completely silent world can have harmful effects, because of sensory deprivation. Thus,
both too little sound and too much sound can be harmful. For this reason, people should
have the right to decide for themselves the quality of the acoustical environment they
live in.

Exposure to noise from various sources is most commonly expressed as the average
sound pressure level over a specific time period, such as 24 hours. This means that
identical average sound levels for a given time period could be derived from either a
large number of sound events with relatively low, almost inaudible levels, or from a few
events with high sound levels. This technical concept does not fully agree with common
experience on how environmental noise is experienced, or with the neurophysiological
characteristics of the human receptor system.

Human perception of the environment through vision, hearing, touch, smell and taste is
characterized by a good discrimination of stimulus intensity differences, and by a
decaying response to a continuous stimulus (adaptation or habituation). Single sound
events cannot be discriminated if the interval between events drops below a threshold
value; if this occurs, the sound is interpreted as continuous. These characteristics are
linked to survival, since new and different stimuli with low probability and high
information value indicate warnings. Thus, when assessing the effects of environmental
noise on people it is relevant to consider the importance of the background noise level,
the number of events, and the noise exposure level independently.

Community noise studies have traditionally considered noise annoyance from single
specific sources such as aircraft, road traffic or railways. In recent years, efforts have
been made to compare the results from road traffic, aircraft and railway surveys. Data
from a number of sources show that aircraft noise is more annoying than road traffic
noise, which, in turn, is more annoying than railway noise. However, there is not a clear
understanding of the mechanisms that create these differences. Some populations may
also be at greater risk for the harmful effects of noise. Young children (especially during
language acquisition), the blind, and perhaps foetuses are examples of such
populations. There are no definite conclusions on this topic, but the reader should be
alerted that guidelines in this report are developed for the population at large; guidelines
for potentially more vulnerable groups are addressed only to a limited extent.

In the following, guideline values are summarized with regard to specific environments
and effects. For each environment and situation, the guideline values take into
consideration the identified health effects and are set, based on the lowest levels of
noise that affect health (critical health effect). Guideline values typically correspond to
the lowest effect level for general populations, such as those for indoor speech
intelligibility. By contrast, guideline values for annoyance have been set at 50 or 55
dBA, representing daytime levels below which a majority of the adult population will be
protected from becoming moderately or seriously annoyed, respectively.



In these Guidelines for Community Noise only guideline values are presented. These
are essentially values for the onset of health effects from noise exposure. It would have
been preferred to establish guidelines for exposure-response relationships. Such
relationships would indicate the effects to be expected if standards were set above the
WHO guideline values and would facilitate the setting of standards for sound pressure
levels (noise immission standards). However, exposure-response relationships could
not be established as the scientific literature is very limited. The best-studied exposure-
response relationship is that between Ldn and annoyance (WHO 1995a; Berglund &
Lindvall 1995; Miedema & Vos 1998). Even the most recent relationships between
integrated noise levels and the percentage of highly or moderately annoyed people are
still being scrutinized. The results of a forthcoming meta-analysis are expected to be
published in the near future (Miedema, personal communication).

4.2 Specific Effects

4.2.1 Interference with communication

Noise tends to interfere with auditory communication, in which speech is a most
important signal. However, it is also vital to be able to hear alarming and informative
signals such as door bells, telephone signals, alarm clocks, fire alarms etc., as well as
sounds and signals involved in occupational tasks. The effects of noise on speech
discrimination have been studied extensively and deal with this problem in lexical terms
(mostly words but also sentences). For communication distances beyond a few metres,
speech interference starts at sound pressure levels below 50 dB for octave bands
centred on the main speech frequencies at 500, 1 000 and 2 000 Hz. It is usually
possible to express the relationship between noise levels and speech intelligibility in a
single diagram, based on the following assumptions and empirical observations, and for
speaker-to-listener distance of about 1 m:

Speech in relaxed conversation is 100% intelligible in background noise levels of about
35 dBA, and can be understood fairly well in background levels of 45 dBA.

Speech with more vocal effort can be understood when the background sound pressure
level is about 65 dBA.

A majority of the population belongs to groups sensitive to interference with speech
perception. Most sensitive are the elderly and persons with impaired hearing. Even
slight hearing impairments in the high-frequency range may cause problems with
speech perception in a noisy environment. From about 40 years of age, people
demonstrate impaired ability to interpret difficult, spoken messages with low linguistic
redundancy, when compared to people aged 20—-30 years. It has also been shown that
children, before language acquisition has been completed, have more adverse effects
than young adults to high noise levels and long reverberation times.

For speech outdoors and for moderate distances, the sound level drops by
approximately 6 dB for a doubling of the distance between speaker and listener. This
relationship is also applicable to indoor conditions, but only up to a distance of about 2
m. Speech communication is affected also by the reverberation characteristics of the
room, and reverberation times beyond 1 s can produce a loss in speech discrimination.
A longer reverberation time combined with background noise makes speech perception
still more difficult.

Speech signal perception is of paramount importance, for example, in classrooms or
conference rooms. To ensure any speech communication, the signal-to-noise
relationship should exceed zero dB. But when listening to complicated messages (at



school, listening to foreign languages, telephone conversation) the signal-to-noise ratio
should be at least 15 dB. With a voice level of 50 dBA (at 1 m distance this corresponds
on average to a casual voice level in both women and men), the background level
should not exceed 35 dBA. This means that in classrooms, for example, one should
strive for as low background levels as possible. This is particularly true when listeners
with impaired hearing are involved, for example, in homes for the elderly. Reverberation
times below 1 s are necessary for good speech intelligibility in smaller rooms; and even
in a quiet environment a reverberation time below 0.6 s is desirable for adequate
speech intelligibility for sensitive groups.

4.2.2 Noise-induced hearing impairment

The ISO Standard 1999 (ISO 1990) gives a method of calculating noise-induced
hearing impairment in populations exposed to all types of occupational noise
(continuous, intermittent, impulse). However, noise-induced hearing impairment is by no
means restricted to occupational situations alone. High noise levels can also occur in
open-air concerts, discotheques, motor sports, shooting ranges, and from loudspeakers
or other leisure activities in dwellings. Other loud noise sources, such as music played
back in headphones and impulse noise from toys and fireworks, are also important.
Evidence strongly suggests that the calculation method from ISO Standard 1999 for
occupational noise (ISO 1990) should also be used for environmental and leisure time
noise exposures. This implies that long term exposure to LAeq,24h of up to 70 dBA will
not result in hearing impairment. However, given the limitations of the various
underlying studies, care should be taken with respect to the following:

Data from animal experiments indicate that children may be more vulnerable in
acquiring noise-induced hearing impairment than adults.

At very high instantaneous sound pressure levels mechanical damage to the ear may
occur (Hanner & Axelsson 1988). Occupational limits are set at peak sound pressure
levels of 140 dBA (EU 1986a). For adults, this same limit is assumed to be in order for
exposure to environmental and leisure time noise. In the case of children, however,
considering their habits while playing with noisy toys, peak sound pressure levels
should never exceed 120 dBA.

For shooting noise with LAeq,24h over 80 dB, studies on temporary threshold shift
suggest there is the possibility of an increased risk for noise-induced hearing
impairment (Smoorenburg 1998).

The risk for noise-induced hearing impairment increases when noise exposure is
combined with vibrations, ototoxic drugs or chemicals (Fechter 1999). In these
circumstances, long-term exposure to LAeq,24h of 70 dB may induce small hearing
impairments.

It is uncertain whether the relationships in ISO Standard 1999 (ISO 1990) are applicable
to environmental sounds having a short rise time. For example, in the case of military
low-altitude flying areas (75—-300 m above ground) LAmax values of 110-130 dB occur
within seconds after onset of the sound.

In conclusion, dose-response data are lacking for the general population. However,
judging from the limited data for study groups (teenagers, young adults and women),
and on the assumption that time of exposure can be equated with sound energy, the
risk for hearing impairment would be negligible for LAeq,24h values of 70 dB over a
lifetime. To avoid hearing impairment, impulse noise exposures should never exceed a
peak sound pressure of 140 dB peak in adults, and 120 dB in children.



4.2.3 Sleep disturbance effects

Electrophysiological and behavioral methods have demonstrated that both continuous
and intermittent noise indoors lead to sleep disturbance. The more intense the
background noise, the more disturbing is its effect on sleep. Measurable effects on
sleep start at background noise levels of about 30 dB LAeq. Physiological effects
include changes in the pattern of sleep stages, especially a reduction in the proportion
of REM sleep. Subjective effects have also been identified, such as difficulty in falling
asleep, perceived sleep quality, and adverse after-effects such as headache and
tiredness. Sensitive groups mainly include elderly persons, shift workers and persons
with physical or mental disorders.

Where noise is continuous, the equivalent sound pressure level should not exceed 30
dBA indoors, if negative effects on sleep are to be avoided. When the noise is
composed of a large proportion of low-frequency sounds a still lower guideline value is
recommended, because low-frequency noise (e.g. from ventilation systems) can disturb
rest and sleep even at low sound pressure levels. It should be noted that the adverse
effect of noise partly depends on the nature of the source. A special situation is for new-
borns in incubators, for which the noise can cause sleep disturbance and other health
effects.

If the noise is not continuous, LAmax or SEL are used to indicate the probability of
noise-induced awakenings. Effects have been observed at individual LAmax exposures
of 45 dB or less. Consequently, it is important to limit the number of noise events with a
LAmax exceeding 45 dB. Therefore, the guidelines should be based on a combination
of values of 30 dB LAeq,8h and 45 dB LAmax. To protect sensitive persons, a still lower
guideline value would be preferred when the background level is low. Sleep disturbance
from intermittent noise events increases with the maximum noise level. Even if the total
equivalent noise level is fairly low, a small number of noise events with a high maximum
sound pressure level will affect sleep.

Therefore, to avoid sleep disturbance, guidelines for community noise should be
expressed in terms of equivalent sound pressure levels, as well as LAmax/SEL and the
number of noise events. Measures reducing disturbance during the first part of the night
are believed to be the most effective for reducing problems in falling asleep.

4.2.4 Cardiovascular and psychophysiological effects

Epidemiological studies show that cardiovascular effects occur after long-term exposure
to noise (aircraft and road traffic) with LAeq,24h values of 65-70 dB. However, the
associations are weak. The association is somewhat stronger for ischaemic heart
disease than for hypertension. Such small risks are important, however, because a
large number of persons are currently exposed to these noise levels, or are likely to be
exposed in the future. Other possible effects, such as changes in stress hormone levels
and blood magnesium levels, and changes in the immune system and gastro-intestinal
tract, are too inconsistent to draw conclusions. Thus, more research is required to
estimate the long-term cardiovascular and psychophysiological risks due to noise. In
view of the equivocal findings, no guideline values can be given.

4.2.5 Mental health effects

Studies that have examined the effects of noise on mental health are inconclusive and
no guideline values can be given. However, in noisy areas, it has been observed that

there is an increased use of prescription drugs such as tranquilizers and sleeping pills,
and an increased frequency of psychiatric symptoms and mental hospital admissions.



This strongly suggests that adverse mental health effects are associated with
community noise.

4.2.6 Effects on performance

The effects of noise on task performance have mainly been studied in the laboratory
and to some extent in work situations. But there have been few, if any, detailed studies
on the effects of noise on human productivity in community situations. It is evident that
when a task involves auditory signals of any kind, noise at an intensity sufficient to mask
or interfere with the perception of these signals will also interfere with the performance
of the task. A novel event, such as the start of an unfamiliar noise, will also cause
distraction and interfere with many kinds of tasks. For example, impulsive noises such
as sonic booms can produce disruptive effects as the result of startle responses; and
these types of responses are more resistant to habituation.

Mental activities involving high load in working memory, such as sustained attention to
multiple cues or complex analysis, are all directly sensitive to noise and performance
suffers as a result. Some accidents may also be indicators of noise-related effects on
performance. In addition to the direct effects on performance, noise also has consistent
after-effects on cognitive performance with tasks such as proof-reading, and on
persistence with challenging puzzles. In contrast, the performance of tasks involving
either motor or monotonous activities is not always degraded by noise.

Chronic exposure to aircraft noise during early childhood appears to damage reading
acquisition. Evidence indicates that the longer the exposure, the greater the damage.
Although there is insufficient information on these effects to set specific guideline
values, it is clear that day-care centres and schools should not be located near major
noise sources, such as highways, airports and industrial sites.

4.2.7 Annoyance responses

The capacity of a noise to induce annoyance depends upon many of its physical
characteristics, including its sound pressure level and spectral characteristics, as well
as the variations of these properties over time. However, annoyance reactions are
sensitive to many non-acoustical factors of social, psychological or economic nature,
and there are also considerable differences in individual reactions to the same noise.
Dose-response relations for different types of traffic noise (air, road and railway) clearly
demonstrate that these noises can cause different annoyance effects at equal LAeq,24h
values. And the same type of noise, such as that found in residential areas around
airports, can also produce different annoyance responses in different countries.

The annoyance response to noise is affected by several factors, including the
equivalent sound pressure level and the highest sound pressure level of the noise, the
number of such events, and the time of day. Methods for combining these effects have
been extensively studied. The results are not inconsistent with the simple, physically
based equivalent energy theory, which is represented by the LAeq noise index.

Annoyance to community noise varies with the type of activity producing the noise.
Speech communication, relaxation, listening to radio and TV are all examples of noise-
producing activities. During the daytime, few people are seriously annoyed by activities
with LAeq levels below 55 dB; or moderately annoyed with LAeq levels below 50 dB.
Sound pressure levels during the evening and night should be 5-10 dB lower than
during the day. Noise with low-frequency components requires even lower levels. It is
emphasized that for intermittent noise it is necessary to take into account the maximum



sound pressure level as well as the number of noise events. Guidelines or noise
abatement measures should also take into account residential outdoor activities.

4.2.8 Effects on social behaviour

The effects of environmental noise may be evaluated by assessing the extent to which it
interferes with different activities. For many community noises, interference with rest,
recreation and watching television seem to be the most important issues. However,
there is evidence that noise has other effects on social behaviour: helping behaviour is
reduced by noise in excess of 80 dBA; and loud noise increases aggressive behaviour
in individuals predisposed to aggressiveness. There is concern that schoolchildren
exposed to high levels of chronic noise could be more susceptible to helplessness.
Guidelines on these issues must await further research.

4.3 Specific Environments

Noise measures based solely on LAeq values do not adequately characterize most
noise environments and do not adequately assess the health impacts of noise on
human well-being. It is also important to measure the maximum noise level and the
number of noise events when deriving guideline values. If the noise includes a large
proportion of low-frequency components, values even lower than the guideline values
will be needed, because low-frequency components in noise may increase the adverse
effects considerably. When prominent low-frequency components are present,
measures based on A-weighting are inappropriate. However, the difference between
dBC (or dBlin) and dBA will give crude information about the presence of low-frequency
components in noise. If the difference is more than 10 dB, it is recommended that a
frequency analysis of the noise be performed.

4.3.1 Dwellings

In dwellings, the critical effects of noise are on sleep, annoyance and speech
interference. To avoid sleep disturbance, indoor guideline values for bedrooms are 30
dB LAeq for continuous noise and 45 dB LAmax for single sound events. Lower levels
may be annoying, depending on the nature of the noise source. The maximum sound
pressure level should be measured with the instrument set at "Fast".

To protect the majority of people from being seriously annoyed during the daytime, the
sound pressure level on balconies, terraces and outdoor living areas should not exceed
55 dB LAeq for a steady, continuous noise. To protect the majority of people from being
moderately annoyed during the daytime, the outdoor sound pressure level should not
exceed 50 dB LAeq. These values are based on annoyance studies, but most countries
in Europe have adopted 40 dB LAeq as the maximum allowable level for new
developments (Gottlob 1995). Indeed, the lower value should be considered the
maximum allowable sound pressure level for all new developments whenever feasible.

At night, sound pressure levels at the outside facades of the living spaces should not
exceed 45 dB LAeqg and 60 dB LAmax, so that people may sleep with bedroom
windows open. These values have been obtained by assuming that the noise reduction
from outside to inside with the window partly open is 15 dB.



Panache Application — Appendices
Appendix 2 — Noise Policy Statement for England (extract)
Noise Policy Statement Explanatory Note

Why do we need a Noise Policy Statement for England (NPSE)?

2.1 Noise is an inevitable consequence of a mature and vibrant society. For some
the noise of city life provides a desirable sense of excitement and exhilaration, but
for others noise is an unwanted intrusion that adversely impacts on their quality of
life, affecting their health and well-being.

2.2 The management of noise has developed over many years as the types and
character of noise sources have altered and as people’s attitude to noise has
changed.

The Noise Abatement Act came into law in 1960 and the Report from the Committee
on the Problem of Noise was published in 1963 (the Wilson report).

Since then, examples of noise management can be found in many areas including
reducing noise at source; the use of the land use and transport planning systems,
compensation measures, the statutory nuisance and licensing regimes and other
related legislation.

2.3 Furthermore, the broad aim of noise management has been to separate noise
sources from sensitive noise receivers and to minimise noise.

Of course, taken in isolation and to a literal extreme, noise minimisation would mean
no noise at all. In reality, although it has not always been stated, the aim has tended
to be to minimise noise as far as reasonably practical.

This concept can be found in the Environmental Protection Act 1990, where, in some
circumstances, there is a defence of best practicable means in summary statutory
nuisance proceedings.

2.4 By describing clear policy vision and aims the NPSE provides the necessary
clarity and direction to enable decisions to be made regarding what is an acceptable
noise burden to place on society.

What types of noise are addressed by the Noise Policy Statement for England?

2.5 The intention is that the NPSE should apply to all types of noise apart from noise
in the workplace (occupational noise). For the purposes of the NPSE, “noise”
includes:

e “environmental noise” which includes noise from transportation sources;

e “neighbour noise” which includes noise from inside and outside peoples
homes; and

¢ “neighbourhood noise” which includes noise arising from within the community
such as industrial and entertainment premises, trade and business premises,
construction sites and noise in the street.



What will the Noise Policy Statement for England achieve?

2.6 The application of the NPSE should mean that noise is properly taken into
account at the appropriate time. In the past, the opportunity for the cost effective
management of noise has often been missed because the noise implications of a
particular policy, development or other activity have not been considered at an early
enough stage.

2.7 In addition, the application of the NPSE should enable noise to be considered
alongside other relevant issues and not to be considered in isolation. In the past, the
wider benefits of a particular policy, development or other activity may not have been
given adequate weight when assessing the noise implications.

2.8 In the longer term, the Government hopes that existing policies could be
reviewed (on a prioritised basis), and revised if necessary, so that the policies and
any noise management measures being adopted accord with the vision, aims and
principles of the NPSE.

How should the Noise Policy Statement for England be used?
2.9 Noise management is a complex issue and at times requires complex solutions.

Unlike air quality, there are currently no European or national noise limits which have
to be met, although there can be specific local limits for specific developments.

Furthermore, sound only becomes noise (often defined as unwanted sound) when it
exists in the wrong place or at the wrong time such that it causes or contributes to
some harmful or otherwise unwanted effect, like annoyance or sleep disturbance.

Unlike many other pollutants, noise pollution depends not just on the physical
aspects of the sound itself, but also the human reaction to it. Consequently, the
NPSE provides a clear description of desired outcome from the noise management
of a particular situation.

2.10 The guiding principles of Government policy on sustainable development, (Error!
Reference source not found.), should be used to assist in its implementation. The
development of further principles specifically to underpin implementation of noise
management policy will be kept under review as experience is gained from the
application of the NPSE.

What does the vision of the Noise Policy Statement for England mean?

2.11 There are several key phrases within the NPSE vision and these are discussed
below.

“Health and quality of life”

2.12 The World Health Organisation defines health as a state of complete physical,
mental and social well being and not merely the absence of disease or infirmity, and
recognises the enjoyment of the highest attainable standard of health as one of the
fundamental rights of every human being.

2.13 It can be argued that quality of life contributes to our standard of health.
However, in the NPSE it has been decided to make a distinction between quality of
life which is a subjective measure that refers to peoples emotional, social and
physical well being and health, which refers to physical and mental well being.



2.14 1t is recognised that noise exposure can cause annoyance and sleep
disturbance both of which impact on quality of life.

It is also agreed by many experts that annoyance and sleep disturbance can give
rise to adverse health effects.

The distinction that has been made between quality of life effects and health effects
recognises that there is emerging evidence that long term exposure to some types of
transport noise can additionally cause an increased risk of direct health effects.

The Government intends to keep research on the health effects of long-term
exposure to noise under review in accordance with the principles of the NPSE.

“Promote good health and good quality of life”

2.15 This statement expresses the long term desired policy outcome, but in the use
of “promote” and “good” recognises that it is not possible to have a single objective
noise-based measure that is mandatory and applicable to all sources of noise in all
situations.

“Effective management of noise”

2.16 This concept confirms that the policy applies to all types of “noise”
(environmental, neighbour and neighbourhood) and that the solution could be more
than simply minimising the noise.

“Within the context of Government policy on sustainable development”

2.17 Sustainable development is a core principle underpinning all government policy.
For the UK Government the goal of sustainable development is being pursued in an
integrated way through a sustainable, innovative and productive economy that
delivers high levels of employment and a just society that promotes social inclusion,
sustainable communities and personal wellbeing. The goal is pursued in ways that
protect and enhance the physical and natural environment, and that use resources
and energy as efficiently as possible.

2.18 There is a need to integrate consideration of the economic and social benefit of
the activity or policy under examination with proper consideration of the adverse
environmental effects, including the impact of noise on health and quality of life. This
should avoid noise being treated in isolation in any particular situation, i.e. not
focussing solely on the noise impact without taking into account other related factors.

What do the aims of the Noise Policy Statement for England mean?

2.19 There are several key phrases within the NPSE aims and these are discussed
below.

“Significant adverse” and “adverse”

2.20 There are two established concepts from toxicology that are currently being
applied to noise impacts, for example, by the World Health Organisation. They are:

NOEL — No Observed Effect Level

This is the level below which no effect can be detected. In simple terms, below this
level, there is no detectable effect on health and quality of life due to the noise.

LOAEL - Lowest Observed Adverse Effect Level



This is the level above which adverse effects on health and quality of life can be
detected.

2.21 Extending these concepts for the purpose of this NPSE leads to the concept of
a significant observed adverse effect level.

SOAEL - Significant Observed Adverse Effect Level

This is the level above which significant adverse effects on health and quality of life
occur.

2.22 It is not possible to have a single objective noise-based measure that defines
SOAEL that is applicable to all sources of noise in all situations.

Consequently, the SOAEL is likely to be different for different noise sources, for
different receptors and at different times.

It is acknowledged that further research is required to increase our understanding of
what may constitute a significant adverse impact on health and quality of life from
noise.

However, not having specific SOAEL values in the NPSE provides the necessary
policy flexibility until further evidence and suitable guidance is available.

The first aim of the Noise Policy Statement for England

Avoid significant adverse impacts on health and quality of life from
environmental, neighbour and neighbourhood noise within the context of
Government policy on sustainable development.

2.23 The first aim of the NPSE states that significant adverse effects on health and
guality of life should be avoided while also taking into account the guiding principles
of sustainable development (Error! Reference source not found.).

The second aim of the Noise Policy Statement for England

Mitigate and minimise adverse impacts on health and quality of life from
environmental, neighbour and neighbourhood noise within the context of
Government policy on sustainable development.

2.24 The second aim of the NPSE refers to the situation where the impact lies
somewhere between LOAEL and SOAEL.

It requires that all reasonable steps should be taken to mitigate and minimise
adverse effects on health and quality of life while also taking into account the guiding
principles of sustainable development (Error! Reference source not found.). This does not
mean that such adverse effects cannot occur.

The third aim of the Noise Policy Statement for England

Where possible, contribute to the improvement of health and quality of life
through the effective management and control of environmental, neighbour
and neighbourhood noise within the context of Government policy on
sustainable development.



2.25 This aim seeks, where possible, positively to improve health and quality of life
through the pro-active management of noise while also taking into account the
guiding principles of sustainable development (Error! Reference source not found.),
recognising that there will be opportunities for such measures to be taken and that
they will deliver potential benefits to society. The protection of quiet places and quiet
times as well as the enhancement of the acoustic environment will assist with
delivering this aim.
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Appendix 3 — Burden of disease from environmental noise

Quantification of healthy life years lost in Europe
ABSTRACT

The health impacts of environmental noise are a growing concern among both the
general public and policy-makers in Europe. This publication was prepared by
experts in working groups convened by the WHO Regional Office for Europe to
provide technical support to policy-makers and their advisers in the quantitative risk
assessment of environmental noise, using evidence and data available in Europe.

The chapters contain the summary of synthesized reviews of evidence on the
relationship between environmental noise and specific health effects, including
cardiovascular disease, cognitive impairment, sleep disturbance and tinnitus.

A chapter on annoyance is also included. For each outcome, the environmental
burden of disease methodology, based on exposure—response relationship,
exposure distribution, background prevalence of disease and disability weights of the
outcome, is applied to calculate the burden of disease in terms of disability-adjusted
life-years (DALYS).

With conservative assumptions applied to the calculation methods, it is estimated
that DALYs lost from environmental noise are 61 000 years for ischaemic heart
disease, 45 000 years for cognitive impairment of children, 903 000 years for sleep
disturbance, 22 000 years for tinnitus and 654 000 years for annoyance in the
European Union Member States and other western European countries.

These results indicate that at least one million healthy life years are lost every year
from traffic related noise in the western part of Europe.

Sleep disturbance and annoyance, mostly related to road traffic noise, comprise the
main burden of environmental noise.

Owing to a lack of exposure data in south-east Europe and the newly independent
states, it was not possible to estimate the disease burden in the whole of the WHO
European Region. The procedure of estimating burdens related to environmental
noise exposure presented here can be used by international, national and local
authorities as long as the assumptions, limitations and uncertainties reported in this
publication are carefully taken into account.



