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INSPECTORATE REGARDING THAMES WATER’S DCO WITH REFERENCE TO
CARNWATH ROAD RIVERSIDE AND
THE EFFECTS OF NOISE POLLUTION.
This submission comes from nominated RATS/SSF member Ann Rosenberg
representing a coalition of the following local groups and individuals registered as
Interested Parties, (IP). This represents several thousand people in Fulham and is
open to any local residents or groups who share the common objective of
safeguarding the quality of life of the of Carnwath Road (CRR) community and area.
This coalition comprises:
• PRARA (Peterborough Road and Area Residents’ Association);
• ABCD Residents’ Association;
• The Piper Building;
• Riverside West Tenants’ Association;
• Regent on the River Tenants’ Association,
• The Parsons Green Sports and Social Club (Ref: 10018563);
• RATS/SSF (Residents Against the Thames Sewer/Stop them Shafting Fulham)
(Ref: 10018585);
• The Fulham Society;
• HDRA (Hurlingham Residents’ Association);
• St Matthews Church;
• Friends of South Park,
• Plus individual Interested Parties, some of whom are also members of the above
groups. Also included are local schools and commercial businesses that will be
adversely affected by the disruption to their lives of nearly a decade of major
engineering works.
We wish to express our concern that Thames Water’s noise assessment in the
DCO of the use of the Tunnel Boring Machine 24/7 for a period of 3-4 years in
Carnwath Road Riverside is inadequate and therefore misleading and
inaccurate.
Its assessment of the impact of noise pollution on the health and well-being of
residents near the drive site does not take into account the insidious effect of
increasing noise pollution in the 21st century, which is only just now becoming
recognised as a major factor in the health of the population. Governments are slow to
act as evidenced by the length of time it has taken to ban smoking in public places,
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despite the evidence that second hand smoke damages health. It is only a matter of
time before noise is recognised as a major factor in environmental health.
Therefore we emphasise that these factors are much reduced if Thames Water
revert to Barn Elms which was their first choice of site.

According to an international team of researchers writing in The Lancet, the
combined toll of occupational, recreational and environmental noise exposure poses
a serious public health threat going far beyond hearing damage, The review team,
including an expert from the Perelman School of Medicine at the University of
Pennsylvania, examined the latest research on noise's impact on an array of health
indicators -- hearing loss, cardiovascular disease, cognitive performance and mental
health, and sleep disturbance -- in order to inform the medical community and the
public about the burden of both auditory and non-auditory effects of noise.
Noise is defined as unwanted sound. Environmental noise consists of all the
unwanted sounds in our communities except that which originates in the workplace.
Environmental noise pollution, a form of air pollution, is a threat to health and wellbeing. It is more severe and widespread than ever before, and it will continue to
increase in magnitude and severity because of population growth, urbanization, and
the associated growth in the use of increasingly powerful, varied, and highly mobile
sources of noise. It will also continue to grow because of sustained growth in
highway, rail, and air traffic, which remain major sources of environmental noise. The
potential health effects of noise pollution are numerous, pervasive, persistent, and
medically and socially significant. Noise produces direct and cumulative adverse
effects that impair health and that degrade residential, social, working, and learning
environments with corresponding real (economic) and intangible (well-being) losses.
It interferes with sleep, concentration, communication, and recreation. The aim of
enlightened governmental controls should be to protect citizens from the adverse
effects of airborne pollution, including those produced by noise.
People have the right to choose the nature of their acoustical environment; it
should not be imposed by others. Domestic tranquility is something we all
expect as a right.
It has been pointed out in the first submission (10017626 (CRR-01), that there is a
high percentage of residents who live close to the site who have health conditions,
are chronically sick, elderly and young families. Vulnerable groups include children
who have a higher awakening threshold than adults and therefore are often seen to
be less sensitive to night noise. For other effects however children seem to be
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equally or more reactive to night noise. As children also spend more time in bed they
are exposed more to night noise levels. For these reasons children are considered a
risk group. Since with age the sleep structure becomes more fragmented, elderly
people are more vulnerable to disturbance. This also happens in pregnant women
and people with ill health so they too are a group risk. Finally shift workers are at risk
because their sleep structure is under stress due to the adaptations of their circadian
rhythm.
A simple definition of background level or ‘ambient noise’ level is the noise that is not
targeted for measurement or calculation. Background noise can interfere with the
target noise in a number of ways such as:
•
•

Mask the signal
Interact physically

•

Interact psychologically.

When dealing with low-level target noise, masking is an important issue. The other
interactions are more important in the domain of annoyance. Masking is a complex
process. The human auditory system is uncannily good as separating signals from
‘background’. Microphones and the software behind them have been slow to catch
up as the unsatisfactory results show when it comes to automatically recognising
aircraft in long-term unmanned measuring stations.
There are many studies of the effects of noise on health and well- being, particularly
in relation to Airports and aircraft noise, but there are no studies we are aware of
assessing the accumulative effect of low level non-auditory noise and vibration
sustained continuously 24/7 over a period of 3-4 years.
As direct evidence concerning the effects of night noise on health is rarely available,
the published research is based on indirect evidence of the effect on sleep and the
link between sleep and health. The advantage of this approach is that a lot of
medical evidence is available on the relationship between sleep and health and
detailed information also exists on sleep disturbance by noise.
Carnwath Road Riverside is one of the sites which are established in the heart of a
densely residential area. The effect of continuous noise, both auditory and nonauditory and low level frequency vibration from the Tunnel Boring Machine, (24/7)
has not been comprehensively measured by Thames Water as indicated in the
following assessment.
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DCO Sound Measurement Concerns
We asked a sound engineer to informally interpret a few random paragraphs selected
from the DCO relating to sound measurements in Carnwath Road in which the
assessment was ‘not significant’, and explain in layman’s language the meaning of
the terms used.
This was his response:
Firstly –what 32dBLAeq means in layman’s terms:
This is a time averaged noise measurement, measured using a meter with "A"
weighting. The A curve simulates the actual sensitivity of the ear across the
frequency spectrum. We are much less sensitive to low frequencies, so the A
weighting partially disregards these frequencies. The eq bit says that the figure is an
average measurement over a period of time, containing the same energy as the
noise measured. So, although 32dBA is a low figure, the actual instantaneous noise
would be much higher. As an example, a gunshot could register 144dBA for
50milliseconds - enough to damage your hearing permanently. However, averaged
over an hour in a quiet area, the LAeq reading could be only fractionally higher than
the background noise.
There appear to be 2 things missing from these statements - the length of time they
are averaging over, and the current background noise levels.
If averaged over 8 hours (I think this is likely), many high noise events will be
masked, such as pile driving which is short duration high SPL noise.
Regard needs to be taken of the current (particularly night time) background noise
levels, and a survey should have been done. Not sure of the figures, but a figure over
the current background is much more significant than a raw figure. So in a noisy
area, a loud noise would not disturb, but in a quiet area, a relatively quiet noise would
wake everyone up! Thinks the figure is around 10dB higher than the background
noise level. In Putney, I think the 2 a.m. figure would be around 22dBA, so anything
instantaneous over 32dBA would be intrusive, and if you take into account LAeq is an
average level, then instantaneous noise over 80dBA could be masked in a figure of
32dBLAeq.
There is also the factor of flanking transmission - that is noise transmitted directly as
vibration through the earth. This would have a significant impact on residents, but is
ignored by the dBA measurements. If you use dBC curve instead, the figures would
be much higher as the dBC curve takes low frequencies into account. It seems the
effect of this has been conveniently ignored.
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Dr Anthony Jelley, a psychiatrist resident in Carnwath Road submitted his concerns
as follows:
Psychiatric risks
Life stressors, life events and life changes have been linked in studies (particularly
the work of Brown, Birley and Wing) as causal to the development of major
psychiatric illnesses, such as depressive disorder and schizophrenia. The various
physical and psychological stressors, changes to circumstances and damage to
social and financial well-being that would be caused by major construction works,
occurring 24 hours a day and lasting many years, would be likely to put those
residents who are susceptible, at risk of developing psychiatric disorders. These
disorders have been shown, in turn, to increase risk of successful suicide.
Respiratory risks
Particulate emissions from HGV diesel engines converging in a built-up and
congested neighbourhood would be likely to be trapped and concentrated between
the buildings in a way that would not happen in an open space. Residents would
have no choice but to inhale this particulate matter in their homes and in the street.
Those who already suffer from Chronic Obstructive Pulmonary Disease (around 5%
of the UK population), Asthma (around 8% of the UK population) and other
respiratory conditions would be susceptible to serious adverse consequences. The
Massachusetts Institute of Technology (MIT) estimates that particulate emissions
already cause 3200 deaths per year in London. The risk of death from inhaled
particulates is real and not abstract.
We ask the Planning Inspectorate to urgently investigate this issue as environmental
health will apply to all communities near Thames Water’s engineering sites. Thames
Water offers mitigating measures to reduce noise. But the fact that noise generated
by this is a major engineering feat cannot be sufficiently minimised by the mitigation
offered such as building Welfare Units and Stores. This may reduce the noise level
by some percentage points – but will not reduce the noise to an acceptable level for
normal life. Double or triple glazing may reduce noise, but will not reduce it to the
current ambient noise level. These measurements deal with auditory noise but take
no account of low frequency noise and vibration which will be generated by
continuous drilling 24/7 for 3-4 years.
Sleep is an essential part of healthy life and is recognised as a fundamental right
under the European Convention on Human Rights 1 (European Court of Human
Rights, 2003).
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It is therefore of concern that Thames Water has sought to suspend our rights
as citizens to take action against them should noise become a health hazard.
Ref: Document 9.20.02 Defense to proceedings in respect of statutory nuisance.

This is our statement:
We object strongly to the Thames Waters’ application to suspend the right of
citizens to sue under the Environmental Protection Act 1990. This is a
derogation of residents’ rights and is not justified in the public interest. The
applicant’s proposed noise mitigation scheme does not guarantee that it will
be effective in preventing nuisance. However if a resident obtains mitigation
they are not permitted to claim compensation or to be able to sue in nuisance if
mitigation is ineffective. It is the case that the scheme can be constructed on
TW’s case from removing the ability to sue in nuisance.
This part of the DCO must be amended to allow residents to continue to be
able to sue in nuisance.

The following appendices are the latest research and recommendations on the
adverse effects of noise on health and well-being.
We attach the research and extensive references regarding the increasing evidence
that environmental noise is a threat to public health, having negative impacts on
human health and well-being. These research documents detail the negative health
effects of night time noise exposure; examine does effects relations and presents
interim and ultimate guideline values of night noise exposure.
Appendix 1 – Noise Pollution – Non-Auditory Effects on Health
Appendix 2 – World Health Organisation - Night Noise Guidelines for Europe
Appendix 3 – World Health Organisation - ENNAH Final report
Appendix 4 – ERCD Report 0907 - Environmental Noise and Health: A Review
Appendix 5 – ERCD Report 1208 - Aircraft Noise, Sleep Disturbance and Health
Effects: A Review
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Noise pollution: non-auditory effects on health
Stephen A Stansfeld and Mark P Matheson
Department of Psychiatry, Medical Sciences Building, Queen Mary, University of London,
London, UK

Introduction
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Noise, defined as ‘unwanted sound’, is perceived as an environmental
stressor and nuisance. Non-auditory effects of noise, as dealt with in this
chapter, can be defined as ‘all those effects on health and well-being which
are caused by exposure to noise, with the exclusion of effects on the
hearing organ and the effects which are due to the masking of auditory
information (i.e. communication problems)1.
Exposure to continuous noise of 85–90 dBA, particularly over a lifetime
in industrial settings, can lead to a progressive loss of hearing, with an
increase in the threshold of hearing sensitivity2. Hearing impairments due
to noise are a direct consequence of the effects of sound energy on the
inner ear. However, the levels of environmental noise, as opposed to
industrial noise, are much lower and effects on non-auditory health cannot
be explained as a consequence of sound energy.
If noise does cause ill-health other than hearing impairment, what might
be the mechanism? It is generally believed that noise disturbs activities
and communication, causing annoyance. In some cases, annoyance may
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Noise is a prominent feature of the environment including noise from transport,
industry and neighbours. Exposure to transport noise disturbs sleep in the
laboratory, but not generally in field studies where adaptation occurs. Noise
interferes in complex task performance, modifies social behaviour and causes
annoyance. Studies of occupational and environmental noise exposure suggest
an association with hypertension, whereas community studies show only weak
relationships between noise and cardiovascular disease. Aircraft and road traffic
noise exposure are associated with psychological symptoms but not with clinically
defined psychiatric disorder. In both industrial studies and community studies,
noise exposure is related to raised catecholamine secretion. In children, chronic
aircraft noise exposure impairs reading comprehension and long-term memory
and may be associated with raised blood pressure. Further research is needed
examining coping strategies and the possible health consequences of adaptation
to noise.

Impact of environmental pollution on health: balancing risk

lead to stress responses, then symptoms and possibly illness3. Alternatively,
noise may influence health directly and not through annoyance. The response to noise may depend on characteristics of the sound, including
intensity, frequency, complexity of sound, duration and the meaning of
the noise.

Non-auditory effects of noise on health
Noise and sleep disturbance
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There is both objective and subjective evidence for sleep disturbance by
noise4. Exposure to noise disturbs sleep proportional to the amount of
noise experienced in terms of an increased rate of changes in sleep stages and
in number of awakenings. Habituation occurs with an increased number of
sound exposures by night and across nights. One laboratory study, however, found no habituation during 14 nights of exposure to noise at
maximum noise level exposure5. Objective sleep disturbance is likely to
occur if there are more than 50 noise events per night with a maximum
level of 50 dBA indoors or more. In fact, there is a low association
between outdoor noise levels and sleep disturbance.
In the Civil Aviation Authority Study6 around Heathrow and Gatwick
airports, the relative proportion of total sleep disturbance attributable to
noise increased in noisy areas but not the level of total sleep disturbance.
In effect, the work suggested a symptom reporting or attribution effect
rather than real noise effects. In a subsequent actigraphy study around
four UK airports, sleep disturbance was studied in relation to a wide range
of aircraft noise exposure over 15 consecutive nights7. Although there was
a strong association between sleep EEGs and actigram-measured awakenings and self-reported sleep disturbance, none of the aircraft noise events
were associated with awakenings detected by actigram and the chance of
sleep disturbance with aircraft noise exposure of <82 dB was insignificant.
Although it is likely that the population studied was one already
adapted to aircraft noise exposure, this study is also likely to be closer
to real life than laboratory studies with subjects newly exposed to noise.
However, the actigraph as a sensitive measure of sleep disturbance has
been questioned.
Noise exposure during sleep may increase blood pressure, heart rate
and finger pulse amplitude as well as body movements. There may also
be after-effects during the day following disturbed sleep; perceived sleep
quality, mood and performance in terms of reaction time all decreased
following sleep disturbed by road traffic noise. Studies on noise abatement
show that, by reducing indoor noise level, the amount of REM sleep and
slow wave sleep can be increased8. It thus seems that, although there may

Noise pollution and health

be some adaptation to sleep disturbance by noise, complete habituation
does not occur, particularly for heart rate.
Noise exposure and performance

Noise and cardiovascular disease
Physiological responses to noise exposure

Noise exposure causes a number of predictable short-term physiological
responses mediated through the autonomic nervous system. Exposure to
noise causes physiological activation including increase in heart rate and
blood pressure, peripheral vasoconstriction and thus increased peripheral
vascular resistance. There is rapid habituation to brief noise exposure but
habituation to prolonged noise is less certain8.
Occupational studies: noise and high blood pressure

The strongest evidence for the effect of noise on the cardiovascular system
comes from studies of blood pressure in occupational settings13 (Table 1).
Many occupational studies have suggested that individuals chronically
exposed to continuous noise at levels of at least 85 dB have higher blood
pressure than those not exposed to noise14,15. In many of these studies,
noise exposure has also been an indicator of exposure to other factors, both
physical and psychosocial, which are also associated with high blood
British Medical Bulletin 2003;68
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There is good evidence, largely from laboratory studies, that noise exposure
impairs performance9. Performance may be impaired if speech is played
while a subject reads and remembers verbal material, although this effect
is not found with non-speech noise10. The effects of ‘irrelevant speech’
are independent of the intensity and meaning of the speech. The susceptibility of complex mental tasks to disruption by ‘irrelevant speech’ suggests
that reading, with its reliance on memory, may also be impaired.
Perceived control over and predictability of noise has been found to be
important in determining effects and after-effects of noise exposure. Glass
and Singer11 found that tasks performed during noise were unimpaired
but tasks that were carried out after noise had been switched off were
impaired, this being reduced when subjects were given perceived control
over the noise. Indeed, even anticipation of a loud noise exposure in the
absence of real exposure may impair performance and an expectation
of control counters this effect. Noise exposure may also slow rehearsal
in memory, influence processes of selectivity in memory, and choice of
strategies for carrying out tasks1. There is also evidence that noise may
reduce helping behaviour, increase aggression and reduce the processing
of social cues seen as irrelevant to task performance12.
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Table 1 Occupational studies of noise exposure and blood pressure

Noise exposure correlates
with resting heart rate
(significant in men) and DBP
only in women. Intensity of
noise exposure significantly
associated to resting HR in
women

No noise effects on blood
pressure

Heart rate, DBP not differ
SBP higher in noise

SBP, DBP related to noise.
Not confirmed in
multivariate analysis

Dose–response relationships
in SBP and DBP

Stratified results indicate
noise relates to
hypertension. Not
confirmed in multivariate
analysis
SBP, DBP raised in younger
but not older worker

Findings

Impact of environmental pollution on health: balancing risk

Noise pollution and health

pressure. Unless these other risk factors are controlled, spurious associations between noise and blood pressure may arise. A recent pioneering
longitudinal industrial noise study has shown that noise levels predicted
raised systolic and diastolic pressure in those doing complex but not
simple jobs16, and predicts increased mortality risk. Occupational noise
exposure has also recently been linked to greater risk of death from
motor vehicle injury17. One possibility is that the effects of noise on blood
pressure are mediated through an intermediate psychological response
such as noise annoyance18 although this has not been convincingly
proved.

Aircraft noise exposure around Schiphol Airport, Amsterdam has been
related to more medical treatment for heart trouble and hypertension,
more cardiovascular drug use and higher blood pressure, even after adjustment for age, sex, smoking, height/weight and socio-economic differences19.
The evidence of the effects of noise on coronary risk factors has not been
especially consistent: effects of noise have been shown on systolic blood
pressure (but not diastolic pressure), total cholesterol, total triglycerides20,
blood viscosity, platelet count and glucose level21. However, a recent
Swedish study found that the prevalence of hypertension was higher
among people exposed to time-weighted energy averaged aircraft noise
levels of at least 55 dBA or maximum levels above 72 dBA around
Arlanda airport, Stockholm22. In summary, there is some evidence from
community studies that environmental noise is related to hypertension and
there is also evidence that environmental noise may be a minor risk factor
for coronary heart disease (Relative Risk 1.1–1.5)22–24.
A sudden intense exposure to noise may stimulate catecholamine
secretion and precipitate cardiac dysrhythmias. However, neither studies
in coronary care units of the effect of speech noise nor studies of noise
from low altitude military flights on patients on continuous cardiac monitoring have detected changes in cardiac rhythm attributable to noise25.

Endocrine responses to noise

Exposure to high intensity noise in industry has been linked in some
studies to raised levels of noradrenaline and adrenaline26. In one study,
catecholamine secretion decreased when workers wore hearing protection
against noise. Some studies, but not all, have shown raised cortisol in
relation to noise27. The general pattern of endocrine responses to noise is
indicative of noise as a stressor, exciting short-term physiological responses,
but there are inconsistencies between studies.
British Medical Bulletin 2003;68
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Noise and cardiovascular disease in the community

Impact of environmental pollution on health: balancing risk

Noise and psychiatric disorder

Noise exposure and psychological symptoms

Symptoms reported among industrial workers regularly exposed to high
noise levels in settings such as schools29 and factories30 include nausea,
headaches, argumentativeness and changes in mood and anxiety. Many of
these industrial studies are difficult to interpret, however, because workers
were exposed to other stressors such as physical danger and heavy work
demands, in addition to excessive noise. Community surveys have found
that high percentages of people reported ‘headaches’, ‘restless nights’, and
‘being tense and edgy’ in high-noise areas12,31. An explicit link between
aircraft noise and symptoms emerging in such studies raised the possibility
of a bias towards over-reporting of symptoms32. Notably, a study around
three Swiss airports33, which did not mention that it was related to aircraft noise, did not find any association between the level of exposure to
aircraft noise and symptoms.
Noise and common mental disorder

Early studies found associations between the level of aircraft noise and
psychiatric hospital admission rates both in London34 and Los Angeles35,
but this has not been convincingly confirmed by more recent studies36.
In community studies such as the West London Survey of Psychiatric
Morbidity37, no overall relationship was found between aircraft noise
and the prevalence of psychiatric morbidity using various indices of noise
exposure. In longitudinal analyses in the Caerphilly Study, no association
was found between road traffic noise and psychiatric disorder, even after
adjustment for socio-demographic factors and baseline psychiatric disorder,
although there was a small non-linear association of noise with increased
anxiety scores38.
Some studies have found dose–response associations: exposure to
higher levels of military aircraft noise around Kadena airport in Japan was
related in a dose–response relationship to depressiveness and nervousness39,
248
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It has been postulated that noise exposure creates annoyance which then
leads on to more serious psychological effects. This pathway remains
unconfirmed; rather it seems that noise causes annoyance and, independently, mental ill-health also increases annoyance. A more complex
model28 incorporates the interaction between the person and their environment. In this model, the person readjusts their behaviour in noisy
conditions to reduce exposure. An important addition is the inclusion of
the appraisal of noise (in terms of danger, loss of environmental quality,
meaning of the noise, challenges for environmental control, etc.) and
coping (the ability to alter behaviour to deal with the stressor). This
model emphasizes that dealing with noise is not a passive process.

Noise pollution and health

and road traffic noise has been weakly associated with mental health
symptoms after adjusting for age, sex, income and length of residence40.
Overall, environmental noise seems to be linked to psychological symptoms
but not to clinical psychiatric disorder. However, there may be a link to
psychiatric disorder at much higher noise levels.
Noise annoyance

Acoustic predictors of noise annoyance in community surveys

One of the primary characteristics affecting the unwantedness of noise
is its loudness or perceived intensity. Loudness comprises the intensity
of sound, the tonal distribution of sound and its duration. The evidence
is mixed on the importance of both the duration and the frequency components of sound and also the number of events involved in determining
annoyance46. High frequency noise has been found to be more annoying
than low frequency noise47. Vibrations are perceived as a complement to
loud noise in most community surveys of noise and are found to be
important factors in determining annoyance, particularly because they
are commonly experienced through other senses as well as hearing.
Fields48 found that, after controlling for noise level, noise annoyance
increases with fear of danger from the noise source, sensitivity to noise,
the belief that the authorities can control the noise, awareness of the
non-noise impacts of the source and the belief that the noise source is
not important.

Combined effects of noise exposure and other stressors

Noise effects on health may be augmented by, or in turn may augment, the
impact of other stressors on health. Stressors may act synergistically,
antagonistically or not at all. Stressors may include physical, chemical,
British Medical Bulletin 2003;68
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The most widespread and well documented subjective response to noise
is annoyance, which may include fear and mild anger, related to a belief
that one is being avoidably harmed41. Noise is also seen as intrusive into
personal privacy, while its meaning for any individual is important in
determining whether that person will be annoyed by it42.
Annoyance reactions are often associated with the degree of interference
that any noise causes in everyday activities, which probably precedes and
leads on to annoyance43. In both traffic and aircraft noise studies, noise
levels have been found to be associated with annoyance in a dose–response
relationship44,45. Overall, it seems that conversation, watching television
or listening to the radio (all involving speech communication) are the
activities most disturbed by aircraft noise while traffic noise, if present
at night, is most disturbing for sleep.

Impact of environmental pollution on health: balancing risk

Noise and non-auditory health effects in children

It is likely that children represent a group which is particularly vulnerable
to the non-auditory health effects of noise. They have less cognitive capacity
to understand and anticipate stressors and lack well-developed coping
strategies54,55. Moreover, in view of the fact that children are still developing
both physically and cognitively, there is a possible risk that exposure to
an environmental stressor such as noise may have irreversible negative
consequences for this group.
Cognition

Studies of children exposed to environmental noise have consistently found
effects on cognitive performance. The studies which are most informative
in terms of the effects of noise on cognition have been field studies
focusing on primary school children. This article will focus on these
studies. For details of noise effects on pre-school children and of laboratory
studies of acute noise exposure, see Ref. 56.
The effects of noise have not been found uniformly across all cognitive
functions. The research evidence suggests that chronic exposure to noise
affects cognitive functions involving central processing and language comprehension. The effects which have been found can be summarized as
follows. Deficits have been found in sustained attention and visual
attention57–62. Relatedly, according to teachers’ reports, noise-exposed
children have difficulties in concentrating in comparison with children
250
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biological, social and work organizational factors49. In a laboratory based
experiment, an interaction was found between having a cold and noise
exposure on simple reaction time50. There was little difference between
healthy and cold subjects’ performance tested in quiet conditions, but for
subjects tested in noisy conditions (70 dBA), performance was much
slower for the cold subjects. Synergistic effects of exposure to noise and
vibration have been demonstrated on diastolic blood pressure, whereas
temperature and noise have been shown to affect morning adrenaline
secretion51,52.
There has been much emphasis on laboratory studies without considering that results of such studies may lack external validity. Past research
on combined effects has not considered common conditions and levels of
stressors across studies, direct and indirect effects, long durations of exposure
and complex tasks. Field studies suggest that the effects of multiple
stressors have greater combined effects than simply summing individual
stressors53. Few field studies have examined the effects of multiple environmental stressors. This could be an important new area for the development
of noise research.

Noise pollution and health
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from quieter schools2,63. Children exposed to chronic environmental
noise have been found to have poorer auditory discrimination and speech
perception54,60,64–67 as well as poorer memory requiring high processing
demands56,68,69. Finally, chronically exposed children tend to have
poorer reading ability and school performance on national standardized
tests64,65,67,70–76.
The first well-designed naturalistic field study to examine the effects of
chronic noise exposure focused on primary school children living in four
32-floor apartment buildings adjacent to a major road65. The rationale
behind this study was that children in the lower floor of the apartment
building would be exposed to higher amounts of noise from the road
than those higher up the building. Seventy-three children were tested for
auditory discrimination and reading level and the results indicated that
children living on the lower floors had greater impairments on these
measures than those living higher up the buildings.
A very well controlled study by Bronzaft and McCarthy71 compared
primary school children taught in a classroom which was exposed to high
levels of railway noise with children in a quiet classroom in the same
school. Significant differences in reading scores were found between children
in the two classrooms. In fact, the mean reading age of the noise-exposed
children was 3–4 months behind that of the control children.
A series of studies have been carried out in schools around Heathrow
Airport in west London. These studies have used repeated-measures designs
to compare noise-exposed and control children. In the first of these
studies73, the cognitive performance and stress responses of 9- to 10-yearold children in four high noise schools were compared with those of
children in four matched control schools. The results showed that, at
baseline, the noise-exposed children had impaired reading comprehension
and sustained attention after adjustment for age, main language spoken
at home and social deprivation. The results at follow up 1 year later suggest
that the children’s further development in reading comprehension may
be affected.
The second study to be conducted near Heathrow Airport74 was a
multi-level modelling study of national standardized test scores (SATs).
The data for 11,000 eleven-year-old children were analysed in relation
to aircraft noise exposure contours. The results showed that noise exposure
was associated with performance on reading and maths tests in a dose–
response function but that this was influenced by socio-economic factors.
The most recent study to be carried out at Heathrow75 compared the
cognitive performance and stress responses of children in 10 high-noise
schools with those of children in 10 matched control schools. The results
indicated that children in the noise-exposed schools experienced greater
annoyance and had poorer reading performance on the difficult items of
a national standardized reading test.
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Motivation

A number of studies have identified an association between chronic
exposure to aircraft noise and decreased motivation54,64,66,78. The results
are however not consistent. In the Los Angeles Airport Study66,78 children
exposed to chronic aircraft noise were less likely to solve a difficult puzzle
involving a success or failure experience and were more likely to give up.
In a follow-up 1 year later78 the finding that noise-exposed children were
less likely to solve a difficult puzzle was replicated, but the finding that
the same children are more likely to give up on a difficult puzzle was
not. In the Munich study64, noise-exposed children gave up on an insoluble
puzzle more quickly than their non noise-exposed counterparts.
Cardiovascular effects

In addition to effects on cognitive performance, there is evidence that
chronic noise exposure may give rise to physiological effects in terms of
raised blood pressure. In the Los Angeles Airport Study66, chronic exposure
to aircraft noise was found to be associated with raised systolic and
diastolic blood pressure. These increases, although significant, were within
the normal range and were not indicative of hypertension. At follow-up
1 year later78, the findings were the same, showing that these effects had
not habituated. In the Munich study, chronic noise exposure was found
to be associated with both baseline systolic blood pressure and lower
reactivity of systolic blood pressure to a cognitive task presented under
acute noise. After the new airport opened, a significant increase in systolic
blood pressure was observed providing evidence for a causal link between
chronic noise exposure and raised blood pressure. No association was
found between noise and diastolic blood pressure or reactivity.
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Perhaps the most important of all the naturalistic field studies to examine
the effects of noise exposure on children was that carried out in Munich
in the 1990s. This prospective, longitudinal study was able to take
advantage of a naturally occurring experiment in which the existing
Munich Airport was closed down and a new airport was opened at another
location. Data were collected at both sites across three testing waves,
one before the closure of the old airport and opening of the new one and
two afterwards. The mean age of children was 10.8 years. The crosssectional results64 showed that, at Wave 1, children at the old airport displayed effects on long-term episodic memory and reading comprehension.
The longitudinal results77 showed that after three waves of testing, children
at the old airport had improvements in long-term memory, suggesting
that this effect of noise exposure is reversible. Interestingly, by the third
wave of testing children at the new airport were exhibiting deficits in longterm memory and reading comprehension, providing strong evidence for a
causal link between noise exposure and cognitive effects.

Noise pollution and health

Endocrine disturbance

The Munich Airport Study64,79 examined overnight, resting levels of urinary
catecholamines (adrenaline and noradrenaline). In the cross-sectional
study at the old airport, endocrine levels were significantly higher in the
noise-exposed children, indicating raised stress levels. The longitudinal data
reveal a sharp increase in catecholamine levels in noise-exposed children
following the opening of the new airport. Cortisol levels were also examined
but no significant differences were observed in either the cross-sectional
or longitudinal data. This latter finding is consistent with that of one of
the Heathrow Studies75.

Studies have consistently found evidence that exposure to chronic environmental noise causes annoyance in children, even in young children64,57,71.
In Munich, noise-exposed children were found to be more annoyed by
noise as indexed by a calibrated community measure. In London, childadapted, standard self-report questions48,80 were used to assess annoyance
and showed higher annoyance levels in noise-exposed children. In a followup 1 year later, the same result was found, suggesting that annoyance effects
are not subject to habituation.

Conclusions
The evidence for effects of environmental noise on health is strongest
for annoyance, sleep and cognitive performance in adults and children.
Occupational noise exposure also shows some association with raised
blood pressure. Dose–response relationships can be demonstrated for
annoyance and, less consistently, for blood pressure. The effects of noise
are strongest for those outcomes that, like annoyance, can be classified
under ‘quality of life’ rather than illness. What these effects lack in severity
is made up for in numbers of people affected, as these responses are very
widespread.
It may be that the risk of developing mental or physical illness attributable
to environmental noise is quite small, although it is too soon to be certain
of this in terms of the progress of research. Part of the problem is that
the interaction between people, noise and ill-health is a complex one.
Humans are not usually passive recipients of noise exposure and can
develop coping strategies to reduce the impact of noise exposure. If people
do not like noise they may take action to avoid it by moving away from
noisy environments or, if they are unable to move away, by developing
coping strategies. Active coping with noise may be sufficient to mitigate
any ill-effects. Perception of control over the noise source may reduce
the threat of noise and the belief that it can be harmful. It may also be
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