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Appendix 2 :  Examples Of Regional Noise Situations

REGION OF THE AMERICAS

Latin America (Guillermo Fuchs, Argentina).

As more and more cities in Latin America surpass the 20 million inhabitants mark, the noise
pollution situation will continue to deteriorate.  Most noise pollution in Latin American cities
comes from traffic, industry, domestic situations and from the community.  Traffic is the main
source of outdoor noise in most big cities.  The increase in automobile engine power and lack of
adequate silencing results in LAeq street levels >70 dB, above acceptable limits.  Vehicle noise
has strong low-frequency peaks at ~13 Hz, and at driving speeds of 100 Km/h noise levels can
exceed 100 dB.  The low-frequency (LF) noise is aerodynamic in origin produced, for example,
by driving with the car windows open.  Little can be done to mitigate these low-frequency
noises, except to drive with all the windows closed.  Noise exposure due to leisure activities such
as carting, motor racing and Walkman use is also growing at a fast rate.  Walkman use in the
street not only contributes to temporary threshold shifts (TTS) in hearing, but also endangers the
user because they may not hear warning signals  Construction sites, pavement repairs and
advertisements also contribute to street noise, and noise levels of 85–100 dB are common.

The Centro de Investigaciones Acústicas y Luminotécnicas (CIAL) in Córdoba, Argentina has
investigated noise pollution in both the field and in the laboratory.  The most noticeable effect of
excessive urban noise is hearing impairment, but other psychophysiological effects also result.
For example, tinnitus resulting from sudden or continuous noise bursts, can produce a TTS of
20–30 dB, and prolonged exposures can result in permanent threshold shifts (PTS).  By
analyzing sound spectra down to a few Hertz, and at levels of up to 120 dB, discrete frequencies
and bands of infrasound were found which damage hearing.  With LF sounds at levels of 120 dB,
TTS resulted after brief exposure, and PTS after only 30 min of exposure.  The effects of noise
on hearing can be especially detrimental to children in schools located downtown.  Field studies
in Córdoba city schools located near streets with high traffic density showed that speech
intelligibility was dramatically degraded in classrooms that did not meet international acoustical
standards.  This is a particularly worrying problem for the younger students, who are in the
process of language acquisition, and interferes with their learning process.

In general, community noise in Latin America remains above accepted limits.  Particularly at
night, sleep and rest are affected by transient noise signals from electronically amplified sounds,
music and propaganda.  Field research was carried out in four zones of Buenos Aires, to
determine the effects of urban noise on the well-being, health and activities of the inhabitants.
The effects of confounding variables were taken into consideration.  It was concluded that night-
time noise levels in downtown Buenos Aires were barely lower than daytime levels.  The results
showed that sleep, concentration, communication and well-being were affected in most people
when noise levels exceeded those permitted by international laws.  The reactions of the
inhabitants to protect themselves from the effects of noise varied, and included changing rooms,
closing windows and complaining to authorities.
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Individual responses to noise also vary, and depend on factors such as social, educational and
economic levels, individual sensibility, attitudes towards noise, satisfaction with home or
neighborhood, and cognitive and affective parameters.  For example, at CIAL, two pilot studies
were carried out with a group of adolescents to determine the influence of environmental
conditions on the perception of noise.  When music was played at very high sound levels (with
sound peaks of 119 dBA) in a discotheque, judged to be a pleasant environment, the subjects
showed less TTS than when exposed to the same music in the laboratory, which was considered
to be an unpleasant environment.

At the municipal level Argentinean Ordinances consider two types of noises: unnecessary and
excessive.  Unnecessary noises are forbidden.  Excessive noises are classified according to
neighboring activities and are limited by maximum levels allowed for daytime (7 am to 10 pm)
and night-time (10 pm to 7 am).  This regulation has been relatively successful, but control has to
be continuous.  Similar actions have been prescribed at the provincial level in many cities of
Argentina and Latin America.  Control efforts aimed at reducing noise levels from individual
vehicles are showing reasonably good improvements.  However, many efforts of municipal
authorities to mitigate noise pollution have failed because of economic, political and other
pressures.  For example, although noise control for automobiles has shown some improvement,
efforts have been counteracted by the growth in the number and power of automobiles.

CIAL has designed both static and dynamic tests that can be used to set annual noise control
limits.  For roads and freeways where permitted speeds are above 80 Km/h, CIAL has also
designed barriers which protect buildings lining the freeways.  Considerable improvements have
been obtained using these barriers with noise reductions of over 20 dB at buildings fronts.  The
most common types of barrier are concrete slabs or wooden structures, made translucent or
covered with vegetation.  Planted vegetation does not act as an efficient noise shield for freeway
noise, except in cases of  thick forest strips.  In several cities, CIAL also designed ring roads to
avoid heavy traffic along sensitive areas such as hospitals, schools and laboratories.

Efforts have not been successful in reducing the noise pollution from popular sports such as
carting, motorboating and motocross, where noise levels can exceed 100 dB.  In part, this is
because individuals do not believe these activities can result in hearing impairment or have other
detrimental effects, in spite of the scientific evidence.  Argentinean and other Latin American
authorities also have not been successful in reducing the sound levels from music centres, such
as discotheques, where sound levels can exceed 100 dB between 11 pm and 6 am.  However,
public protest is increasing and municipal authorities have been applying some control.  For
instance, in big cities, discotheque owners and others are beginning to seek advice on how to
isolate their businesses from apartment buildings and residential areas.  Some improvements
have been observed, but accepted limits have not yet been generally attained.
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United States of America (Larry Finegold)

Noise Exposure .

In the United States, there have only been a few major attempts to describe broad environmental
noise exposures.  Early estimates for the average daily exposure of various population groups
were reported in the U.S. Environmental Protection Agency’s Levels Document (US EPA 1974),
but these were only partially verified by subsequent large-scale measurements.  Another EPA
publication the same year provided estimates of the national population distribution as a function
of outdoor noise level, and established population density as the primary predictor of a
community’s noise exposure (Galloway et al. 1974).  Methodological issues that need be
considered when measuring community noise, including both temporal and geographic sampling
techniques, have been addressed by Eldred (1975).  This paper also provided early quantitative
estimates of noise exposure at a variety of sites, from an isolated spot on the North rim of the
Grand Canyon to a spot in downtown Harlem in New York City.  Another nationwide survey
focused on exposure to everyday urban noises, rather than the more traditional approach of
measuring exposure to high-level transportation noise from aircraft, traffic and rail (Fidell 1978).
This study included noise exposure and human response data from over 2 000 participants at 24
sites.

A comprehensive report, Noise In America: The Extent of the Problem, included estimates of
occupational noise exposure in the US in standard industrial classification categories (Bolt,
Beranek & Newman, Inc. 1981).  A more recent paper reviewed the long-term trends of noise
exposure in the US and its impact over a 30-year time span, starting in the early 1970’s.  The
focus was primarily on motor vehicle and aircraft noise, and the prediction was for steadily
decreasing population-weighted day-night sound exposure (Eldred 1988).  However, it remains
to be seen whether the technological improvements in noise emission, such as changing from
Chapter 2 to Chapter 3 aircraft, will be offset in the long run by the larger carriers and increased
operations levels that are forecast for all transportation modes.  Although never implemented in
its entirety, a comprehensive plan for measuring community environmental noise and associated
human responses was proposed over 25 years ago in the US (Sutherland et al. 1973).

Environmental Noise Policy in the United States

One of the first major breakthroughs in developing an environmental noise policy in the United
States occurred in 1969 with the adoption of the National Environmental Policy Act (NEPA).
This Congressional Act mandated that the environmental effects of any major development
project be assessed if federal funds were involved in the project.  Through the Noise Control Act
(NCA) of 1972, the U.S. Congress directed the US Environmental Protection Agency (EPA) to
publish scientific information about the kind and extent of all identifiable effects of different
qualities and quantities of noise.  The US EPA was also requested to define acceptable noise
levels under various conditions that would protect the public health and welfare with an adequate
margin of safety.  To accomplish this objective, the 1974 US EPA Levels Document formally
introduced prescribed noise descriptors and prescribed levels of environmental noise exposure.
Along with its companion document, Guidelines for Preparing Environmental Impact
Statements on Noise, which was published by the U.S. National Research Council in 1977, the
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Levels Document has been the mainstay of U.S. environmental noise policy for nearly a quarter
of a century.  These documents were supplemented by additional Public Laws, Presidential
Executive Orders, and many-tiered noise exposure guidelines, regulations, and Standards.
Important examples include Guidelines for Considering Noise in Land Use Planning and
Control, published in 1980 by the US Federal Interagency Committee on Urban Noise; and
Guidelines for Noise Impact Analysis, published in 1982 by the US EPA.

One of the distinctive features of the US EPA Levels Document is that it does not establish
regulatory goals.  This is because the noise exposure levels identified in this document were
determined by a negotiated scientific consensus and were chosen without concern for their
economic and technological feasibility; they also included an additional margin of safety.  For
these reasons, an A-weighted Day-Night Average Sound Level (DNL) of 55 dB was selected in
the Levels Document as that required to totally protect against outdoor activity interference and
annoyance.  Land use planning guidelines developed since its publication allow for an outdoor
DNL exposure in non-sensitive areas of up to 65 dB before sound insulation or other noise
mitigation measures must be implemented.  Thus, separation of short-, medium- and long-term
goals allow noise-exposure goals to be established that are based on human effects research data,
yet still allow for the financial and technological constraints within which all countries must
work.

The US EPA’s Office of Noise Abatement and Control (ONAC) provided a considerable amount
of impetus to the development of environmental noise policies for about a decade in the US.
During this time, several major US federal agencies, including the US EPA, the Department of
Transportation, the Federal Aviation Administration, the Department of Housing and Urban
Development, the National Aeronautics and Space Administration, the Department of Defense,
and the Federal Interagency Committee on Noise have all published important documents
addressing environmental noise and its effects on people.  Lack of funding, however, has made
the EPA ONAC largely ineffective in the past decade.  A new bill, the Quiet Communities Act
has recently been introduced in the U.S. Congress to re-enact and fund this office (House of
Representatives Bill, H.R. 536).  However, the passage of this bill is uncertain, because noise in
the US, as in Europe, has not received the attention that other environmental issues have, such as
air and water quality.

In the USA there is growing debate over whether to continue to rely on the use of DNL (and the
A-Weighted Equivalent Continuous Sound Pressure Level upon which DNL is based) as the
primary environmental noise exposure metric, or whether to supplement it with other noise
descriptors.  Because a growing number of researchers believe that “Sound Exposure” is more
understandable to the public, the American National Standards Institute has prepared a new
Standard, which allows the equivalent use of either DNL or Sound Exposure (ANSI 1996).  The
primary purpose of this new standard, however, is to provide a methodology for modeling the
Combined or Total Noise Environment, by making numerical adjustments to the exposure levels
from various noise sources before assessing their predicted impacts on people.  A companion
standard (ANSI 1998) links DNL and Sound Exposure with the current USA land use planning
table.  The latter is currently being updated by a team of people from various federal government
agencies and when completed should improve the capabilities of environmental and community
land-use planners.  These documents will complement the newly revised ANSI standard on
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acoustical terminology (ANSI 1994).

To summarize progress in noise control made in the USA in the nearly 25 years since the initial
national environmental noise policy documents were written, the Acoustical Society of America
held a special session in Washington, D.C. in 1995.  The papers presented in this special session
were then published as a collaborative effort between the Acoustical Society of America and the
Institute of Noise Control Engineering (von Gierke & Johnson 1996).  This document is
available from the Acoustical Society of America, as are a wide range of standards related to
various environmental noise and bioacoustics topics from the ANSI.

A document from the European Union is now also available, which includes guidelines for
addressing noise in environmental assessments (EU 1996).  Policy documents from organizations
such as ISO, CEN, and ICAO have shown that international cooperation is quite possible in the
environmental noise arena.  The ISO document, entitled Acoustics - Description and
Measurement of Environmental Noise (ISO 1996), and other international standards have already
proven themselves to be invaluable in moving towards the development of a harmonized
environmental noise policy.  The best way to move forward in developing a harmonized
environmental noise policy is to take a look at the various national policies that have already
been adopted in many countries, including those both from the European member states and
from the USA, and to decide what improvements need to be made to the existing policy
documents.  A solid understanding of the progress that has already been achieved around the
world would obviously provide the foundation for the development of future noise policies.

Implementation Concepts and Tools

Development of appropriate policies, regulations, and standards, particularly in the noise
measurement and impact assessment areas, is a necessary foundation for implementing effective
noise abatement policies and noise control programs.  A well-trained cadre of environmental
planners will be needed in the future to perform land-use planning and environmental impact
analysis.  These professionals will require both a new generation of standardized noise
propagation models to deal with the Total Noise Environment, as well as sophisticated computer-
based impact analysis and land-use planning tools.

A more thorough description of the current noise environment in major cities, suburbs, and rural
areas is needed to support the noise policy development process.  A new generation of noise
measurement and monitoring systems, along with standards related to their use, are already
providing considerable improvement in our ability to accurately describe complex noise
environments.  Finally, both active and passive noise control technologies, and other noise
mitigation techniques, are rapidly becoming available for addressing local noise problems.
Combined with a strong public awareness and education program, land-use planning and noise
abatement efforts certainly have the potential to provide us with an environment with acceptable
levels of noise exposure.
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AFRICAN REGION

South Africa (Etienne Grond, South Africa)

Introduction

Cultural and developmental levels diverge greatly in South Africa, and the country can be
divided into a first world sector, a developing sector and a third world sector.  This contributes to
huge variations in both the awareness of noise pollution and in population exposure to noise
pollution.  Noise-related health problems will in all probability show the same large variations.

Legal requirements

Noise control in South Africa has a history dating back about three decades.  Noise control began
with codes of practice issued by the South African Bureau of Standards (SABS) to address noise
pollution in different sectors.  Since then, Section 25 of the Environment Conservation Act (Act
73 of 1989) made provision for the Minister of Environmental Affairs and Tourism to regulate
noise, vibration and shock at the national level.  These regulations were published in 1990 and
local authorities could apply to the Minister to make them applicable in their areas of
jurisdiction.  However, a number of the bigger local authorities did not apply for the regulations
since they already had by-laws in place, which they felt were sufficient.  By the middle of 1992
only 29 local authorities had applied the regulations and so the act was changed to make it
obligatory for all authorities to apply the regulations.  However, by the time the regulations were
ready to be published, the new Constitution of South Africa came into effect and this listed noise
control as an exclusive legislative competence of provincial and local authorities.  This meant
that the national government could not publish the regulations.  However, provincial
governments have agreed to publish the regulations in their respective areas.  The regulations
will apply to all local authorities as soon as they are published in the provinces, and will give
local authorities both the power and the obligation to enforce the regulations.

The Department of Environmental Affairs and Tourism also published regulations during 1997
to make Environmental Impact Assessments mandatory for most new developments, as well as
for changes in existing developments.  This means that any impact that a development might
have on its surrounding environment must be evaluated and, where necessary, the impact must
be mitigated to acceptable levels.  The noise control regulations also state that a local authority
may declare a “controlled area,” which is an area where the average noise level exceeds 65 dBA
over a period of 24 h period.  This means that educational and residential buildings, hospitals and
churches may not be situated within such areas.

Occupational noise exposure is regulated by the Department of Manpower, under the
Occupational Health and Safety Act (Act 85 of 1993).  These regulations states that workers may
not be exposed to noise levels of higher than 85 dBA and that those exposed to such levels must
make use of equipment to protect their hearing.  The problem, however, is that most workers
tend not to make use of the provided equipment, either because the equipment is not
comfortable, or because they are not aware of the risks high noise levels pose to their hearing.  A
further problem is that small industries often do not supply the workers with the necessary
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equipment, or supply inferior equipment that is less costly.

Codes of practice

The codes of practice issued by the SABS were for the most part replaced by IEC (International
Electrotechnical Commission) standards and adopted as SABS ISO codes of practice.  They are
still being used in South Africa and are regularly updated.  A relevant list can be found in the
references.  The SABS has also published a number of recommended practices (ARP).  These
include the ARP 020: “Sound impact investigations for integrated environmental management”
that is currently being upgraded to a code of practice.  Such codes of practice can be referred to
as requirements in legislation and will be known as SABS 0328: “Methods for environmental
noise impact assessments.”  The codes of practice published in South Africa cover hearing
protection; measurement of noise; occupational noise; environmental noise; airplane noise; and
building acoustics, etc.

Courses

Local authorities responsible for applying regulations published by the Department of
Environmental Affairs and Tourism must employ a noise control officer who has at least three
years tertiary education in engineering, physical sciences or health sciences, and who is
registered with a professional council.  Alternatively, a consultant with similar training may be
employed.  Most of the universities in South Africa provide the relevant training, with at least
part of the training in acoustics.  Universities and technical colleges also provide a number of
special acoustics courses.  Over the last couple of years awareness of environmental conservation
has expanded dramatically within the academic community, and most universities and colleges
now have degree courses in environmental management.  At the very least, these courses include
a six-month module in acoustics, and usually also include training in basic mathematics; the
physics of sound; sound measuring methodologies; and noise pollution.

Community awareness and exposure to noise pollution

This topic should be discussed with respect to three separate population sectors: the first-world
sector (developed), the developing sector and the third-world sector (rural).

Developed sector

This sector of the population is more-or-less as developed as their European and American
counterparts.  They have been exposed to noise pollution for a considerable time and, for the
most part, are aware of the health consequences of high noise levels.  People in this group are
also aware of the existence of legal measures by which noise pollution can be addressed.  Not
surprisingly, most of the complaints and legal action regarding noise pollution are received from
this group.  Information about noise-related health problems is very limited, but because this
group is highly aware of the risks posed by high noise levels, future studies will probably show
that people in this category have the fewest health problems.  The majority of people in this
group are less exposed to high noise levels at work, and they live in more affluent neighborhoods
with large plots and separating walls.  Their houses tend to be built with materials that are noise
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reducing.  They also live further away from major noise-producing activities, such as highways,
airports and large industries.

Developing sector

This sector of the population has the greatest exposure to high noise levels, both at home and in
the workplace.  Overall, they are relatively poor and cannot afford to live in quiet areas, or afford
large plots or solid building materials.  A large component of this sector resides in squatter
communities where building are made of any material available, from plastic to corrugated
sheets and wood.  The buildings are right next to each other and there is almost no noise
attenuation between residencies.

People in this category usually live close to major access routes into the cities, because they
make use of public transportation and taxis to get to their places of work.  Often, too,  they live
close to their places of work, which are usually big industries with relatively high levels of noise
pollution.  These people usually work in high noise areas, and because of their lack of awareness
of the effects of high noise levels, often do not make use of available hearing protection
equipment.  Because of a lack of funds, these people also cannot get out of high noise areas and
go to recreational areas for relaxation and lower noise levels.  Not much information is available
on the adverse health problems in this sector.  However, workers in this sector should undergo
regular medical examinations and the results can be obtained from the industries involved.

Rural sector

As the name suggests, people in this sector live in rural surroundings and for the most part are
not subjected to noise levels that could be detrimental to their health.  However, they are almost
totally unaware of the risks posed by high noise levels.  Some of these people work on farms and
work with machinery that emits relatively high noise levels, but because of their lack of
awareness they do not make use of hearing protection equipment.  One advantage they do have is
that they return to homes in quiet surroundings and their hearing has a chance to recover.  To
date, no studies have been carried out to determine the state of their hearing and it would be
impossible to state that they have no health problems related to high noise levels.
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EASTERN MEDITERRANEAN REGION (Shabih H. Zaidi)

Scope

In the Eastern Mediterranean region some countries have highly developed industries, while
others have none.  In other cases, the agricultural economy is inseparably mixed with high-
technology industries, such as the oil industry, which can be seen in nearly the whole of the
Arabian Peninsula.  Other examples of where agriculture and industry are intertwined can be
seen in Pakistan, Jordan and Egypt.  The main focus of this paper is community noise, but
because industry is so widely distributed, some discussion of industrial noise is inevitable.  The
scope of this paper is to document the available scientific data on community noise in the WHO
Regional Office of the Eastern Mediterranean (EMRO) region, including preventive strategies,
legislation, compensation and future trends.

Sources of Noise Pollution

Sources of noise pollution in the Eastern Mediterranean region include noise from
transportation, social and religious activities, building and civil works, roadside workshops,
mechanical floor shops and others.  During civil works and building booms, noise levels in all
countries of the Eastern Mediterranean region could easily reach 85dBA during the daytime over
an 8 h work period.  In Pakistan, unprotected construction work goes on at all times of the day
and night and uses outdated machinery; and the noise is compounded by workers shouting.  On a
typical building site noise levels reach 90–100 dBA.

In Karachi, the main artery for daily commuters is a long road that terminates at the harbor.  In
the densest area of this road there are a hundred small and large mechanical workshops, garages,
metal sheet workers, dent removers, painters, welders and repair shops, all of which create a
variety of noises.  In the middle of this area at the Tibet Centre the LAeq,8h is 90dBA (Zaidi
1989).  A similar picture is seen elsewhere in cities like Lahore, Peshawar, etc.  Fortunately, the
same is not true for other newly built cities in the EMRO region, such as Dubai, or Tripoli,
where strict rules separate industrial zones from residential areas.

A special noise problem is Karachi harbour.   This port serves the whole of Pakistan as well as
Afghanistan and several Asian states, such as Kyrgyzstan, Kazakhstan and Uzbekistan.  The
noise level at the main wharf of Karachi Port ranges between 90–110 dBA on any given day.
Other special sources of noise are the Eastern Mediterranean airports, and indeed most of the
airports in the Middle East.  Most northbound air traffic originates in Pakistan, Dubai, Sharjah
etc. and flights usually depart after midnight so as to arrive in Europe during the daytime.  A
study  is currently underway in Karachi to identify the damage caused by these nocturnal flights
to those living under the flight path (SH Zaidi, GH Shaikh & AN Zaidi, personal
communication).

Sadly, violence has become part of Eastern culture and is a significant source of noise pollution.
Wars generate a lot of noise, and although noise-induced hearing loss is a secondary issue
compared with the killing, after the wars many people are hearing impaired.  This has been seen
following conflicts in Balochistan, Peshawar and Afghanistan, where perforated ear drums,
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profound hearing loss and stress-related psychosomatic illnesses are common in the refugee
camps.  The noise levels during a recent mass demonstration in Karachi, which included the
firing of automatic weapons, reached 120 dBA at a distance of 50 m from the scene.

The Effects of Noise on Health

There is good evidence that environmental noise causes a range of health effects, including
hearing loss, annoyance, cardiovascular changes, sleep disturbance and psychological effects.
Although the health effects of noise pollution have not been documented for the entire EMRO
region, data are available for Pakistan and can be used to illustrate the general problem.  In this
report, noise exposure is mainly expressed as LAeq,24h values.

Noise-induced hearing loss (NIHL).

It is believed that exposure to environmental noise in the EMRO countries is directly related to
the living habits, economic prosperity and outdoor habits of people.  It has been estimated that no
more than 5% of the people are exposed to environmental sound levels in excess of 65dBA over
a 24-h period.  Similarly, for indoor noise, it is believed that the average family is not exposed to
sound levels in excess of 70 dBA over a 24-h period.  However, it is difficult to generalize for all
countries in the EMRO region, because of ancient living styles and different cultural practices,
such as taking siestas between 13:00–16:00 and stopping work at 20:00.

Exposure to noise while travelling to schools, offices or workplaces may vary tremendously
between cities in the region.  In Karachi, for example, traffic flow is undisciplined, erratic and
irrational, with LAeq,8h values of 80–85 dBA.  In Riyadh, by contrast, traffic flow is orderly
with LAeq levels of 70 dBA during a normal working day.  In Karachi, noise levels show
significant diurnal variation, reaching levels in excess of 140 dB during the peak rush hour at
around 5.00 p.m. (Zaidi 1989).  At the Tibet Centre, located at a busy downtown junction, noise
levels were 60–70 dB at 9 am, but reached levels in excess of 140 dB between 5-7 p.m.  A study
conducted on a day that transportation workers went on strike established that road traffic is the
most significant source of noise pollution in this city: in the absence of buses, rickshaws, trucks
and other public vehicles the LAeq level declined from 90dB to 75dB (Zaidi 1990).  Motor
engines, horns, loud music on public buses and rickshaws generate at least 65% of the noise in
Karachi (Zaidi 1997; Shams 1997).  Rickshaws can produce noise levels of 100–110 dBA and do
not have silencers.  On festive occasions, such as national holidays or political rallies,
motorbikes running at high speeds along the Clifton beach in Karachi easily make noise
exceeding 120 dBA. (Zaidi 1996).

Another study conducted at 14 different sites in Karachi showed that, in 11 of the sites, the
average noise level ranged between 79–80 dB (Bosan & Zaidi 1995).  The maximum noise levels
at all these sites exceeded 100 dB.  Speech interference, measured by the Preferred Speech
Interference Level and the Articulation Index, was significant (Shaikh & Rizvi 1990).  The study
results indicated that two people facing each other at a distance of 1.2 m would have to shout to
be intelligible; and the Articulation Indexes demonstrated that communication was
unsatisfactory.  Of perhaps greater concern are the results of a survey of 587 males between the
ages of 17 and 45 years old, who worked as shopkeepers, vehicle drivers, builders and office
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assistants.  Audiograms showed that 14.6% of the subjects had significant hearing impairment at
3 000–4 000 Hertz (Hasan et al., 2000).

Noise pollution from leisure activities can vary from country to country in the EMRO region.
The Panthans in northern Pakistan, for example, like to shoot in the air on festive occasions, such
as weddings, without using any noise protection devices.  A minimum of 1 000 shots are fired on
such occasions; and at a traditional tribal dance called the ‘Khattak” the noise level recorded
during a particularly enthralling performance in a sports arena was 120dBA.  The hunting of wild
boar is a common sport in the hinterlands of Sindh.  With the rifle shots and the noise made by
the beaters, noise levels can easily reach 110 –120 dBA.  In some EMRO countries, the younger
crowd has taken up the Western habit of listening to Pop music for many hours.  Discos and
floorshows are confined to a few countries, such as Egypt.  Open-air concerts are usually held in
stadiums.  The noise level recorded at a particularly popular concert was 130 dBA at a distance
of 20 m from the stage and 35 m from the amplifiers.

In a study of road traffic at 25 different sites in Peshawar, the third most populous city in
Pakistan, 90 traffic constables were taken as cohorts to investigate the extent of NIHL.  Of these,
50 did not have any previous history of noise exposure and were taken as controls.  Detailed
evaluation and audiological investigations established that constables exposed to a noise level of
90 dBA for 8 hours every day suffered from NIHL.  Compared to the control subjects, the
constables had significant hearing impairment at 3 000 Hz, measured by Pure Tone Audiometry
(Akhter 1996).

A similar study of traffic constables in Karachi showed that 82.8% of the constables suffered
from NIHL (Itrat & Zaidi 1999).  The study also showed that 33.3% of rickshaw drivers, and
56.9% of shopkeepers who worked in noisy bazaars, had hearing impairment.  If these findings
can be extrapolated to the total populations, there are 1 566 traffic constables (out of a total of 1
890 constables), and 4 067 rickshaw drivers (out of a total of 12 202 drivers) who suffer from
NIHL.  As has been reported by other researchers, the study also found evidence of
acclimatization in the subjects: following an initial, rapid decline, hearing loss stabilized after
prolonged noise exposure.

Annoyance.

The citizens of Karachi commonly complain that noise causes irritability and stress.  The main
sources have been identified as traffic noise, industrial noise and noise generated by human
activity.  Unfortunately no data are available for the level of annoyance caused by noise exposure
in the EMRO region.  From limited research around the world, it can be estimated that 35–40%
of employees in office buildings are seriously annoyed by noise at sound levels in excess of 55–
60 dBA.  In countries such as Pakistan, Iran, Jordan and Egypt that level is often seen in most
offices.  Annoyance is a non-tangible entity and cannot be quantified scientifically.  It is a human
reaction and perhaps its parameters could include irritability, apprehension, fear, anger,
frustration, uneasiness, apathy, chaos and confusion.  If such are the parameters, then on a scale
of 0–10, with 10 being the greatest annoyance, many EMRO countries could easily score 6 or
higher.
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Effects of noise on sleep and the cardiovascular system.

In the Eastern Mediterranean region no specific data are available on the effects of noise on sleep
or the cardiovascular system.  However, factory workers, traffic constables, rickshaw drivers and
shopkeepers frequently complain about fatigue, irritability and headaches; and one of the most
common causes of poor performance in offices is sleep disturbance.  The rising incidence of
tinnitus in cities like Karachi is also related to noise exposure, and tinnitus itself can lead to sleep
deprivation.  Although the effects of noise on the cardiovascular system have been well
documented for other countries (Berglund & Lindvall 1995), data are lacking for the EMRO
region.  However, the prevalence of cardiovascular diseases are on the rise in the EMRO
countries, particularly hypertension.  While most of the increase in these diseases is due to a rich
diet and lack of exercise, the relationship between noise and cardiovascular changes is worth
investigating.

The risk to unborn babies and newborns.

Although evidence from other countries indicates that noise may damage the hearing of a fetus,
there are no data from the EMRO countries to confirm this.  With newborn babies, however,
noise from incubators is a major cause of hearing loss in the EMRO region, particularly as 20–
27% of them are born underweight (Razi et al. 1995).  Once exposed to noise in an incubator, the
chances of hearing impairment rapidly rises compared with cohorts in developed countries.
Several other factors have also been identified as causing deafness and hearing impairment in
newborns in the Eastern Mediterranean region (Zaidi 1998; Zakzouk et al. 1994).  They are:

a. Discharge from the ears.

b. Communicable infections.

c. Ototoxicity.

d. Noise.

e. Consanguinity.

f. Iodine deficiency.

Noise Control

Although noise control legislation exists in several EMRO countries, it is seldom enforced,
particularly in Pakistan and some neighboring countries.  Noise control begins with education,
public awareness and the appropriate use of media in highlighting the effects of noise.  In
Calcutta, for instance, public orientation and mass media mobilization have produced tangible
results, and this can easily be done in other countries.  Three strategies have been devised for
noise control, all of which are practicable in EMRO region countries.  They are control at the
source, control along the path and control at the receiving end.
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There are many ways noise can be controlled at the source.  For example, most of the equipment
and machinery used in EMRO countries is imported from the West.  Noise control could begin
by importing quieter machinery, built with newer materials like ceramics or frictionless parts.
And at the local level, the timely replacement of parts and proper maintenance of the machines
should be carried out.  Vehicles like the rickshaw should be banned, or at least be compelled to
maintain their silencers, and all vehicles must be put to a road worthiness test periodically.  This
already occurs in some EMRO countries, but not all.  Horns, hooters, music players and other
noise making factors must also be controlled.  The use of amplifiers and public address systems
should also be banned, and social, leisure and religious activities should be restricted to specific
places and times.

Along the sound path, barriers can be used to control noise.  There are three kinds of barriers
available, namely, space absorbers made out of porous material, resonant absorbers and panel
absorbers.  Architects, for example, use hollow blocks of porous material.  The air gaps between
building walls not only keep the buildings cool in hot weather, but also reduce the effects of
noise.  Ceilings and roofs are often treated with absorbent material.  In large factories, architects
use corrugated sheets and prefabricated material, which are helpful in reducing noise levels.  In
Pakistan, some people use clay pots in closely ranked positions on rooftops to reduce the effect
of heat as well as noise.  For civic works and buildings, special enclosures, barriers and vibration
controlling devices should be used.  Public halls, such as cinemas, mosques and meeting places
should have their walls and floors carpeted, and covered with hangings, mats etc.  An effective
material is jute, which is grown in many countries, mainly Bangladesh, and it is quite
economical.  Some of the old highways and most of the busy expressways need natural noise
barriers, such as earth banks, trees and plants.
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SOUTH-EAST ASIAN REGION.  (Sudhakar B. Ogale)

Introduction

The ability to hear sound is a sensory function vital for human survival and communication.
However, not all sounds are wanted.  Unwanted sounds, for which the term “noise” is normally
used, often originate from human activities such as road traffic, rail traffic, aircraft, discos,
electric power generators, festivals, firecrackers and toys.  In general, however, data on noise
pollution in South east Asian countries are not available.  For example, there are no
comprehensive statistical data regarding the incidence and etiology of hearing impairment.
Consequently, it is difficult to estimate the exact percentage of the population affected by
community noise.

Excessive noise is the major contributor to many stress conditions.  It reduces resistance to
illness by decreasing the efficiency of the immune system, and is the direct cause of some
gastrointestinal problems.  Noise also increases the use of drugs, disturbs sleep and increases
proneness to accidents.  An increased incidence of mental illness and hospital admissions,
increases in absenteeism from work and lethargy from sleep disturbance all result from noise
pollution and cause considerable loss of industrial production.

Noise Exposure in India

India is rapidly becoming industrialized and more mechanized, which directly affects noise
levels.  However, no general population study regarding the magnitude of the noise problem in
India has been performed.

Road Traffic Noise

Exposure.  A study by the Indian Institute of Road Traffic (IRT) reported that Delhi was the
noisiest city in India, followed by Calcutta and Bombay (IRT 1996; Santra & Chakrabarty 1996).
The survey examined whether road-traffic noise affected people with respect to annoyance, sleep
disturbance, interference with communication and hearing impairment.  It showed that 35% of
the population in four major cities have bilateral sensory neural hearing loss at noise emission
levels above 82 dBA.  This is of particular concern in light of a second study, showing that
LAeq,24h levels at 24 kerbside locations in Calcutta were 80–92 dBA (Chakrabarty et al. 1997)
The mean noise emission levels of four different vehicle categories are presented in Table A2.1.
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Table A2.1: Mean noise emission levels of vehicles

Type of vehicle Mean sound pressure level
2 wheelers (motor cycle) 82 dBA
3 wheelers (auto rickshaw) 87 dBA
Motor car (taxi, private cars) 85 dBA
Heavy vehicles (trucks) 92 dBA

Control Measures. Only recently has noise pollution been considered an offence in India, under
the Environmental (Protection) Act 1986.  Several measures are being taken to reduce traffic-
noise exposure.  These include:

a. Planting trees, shrubs and hedges along roadsides.

b. Mandatory, periodic vehicle inspections by road traffic control.

c. Reintroduction of silent zones, such as around schools, nursing homes and hospitals
that face main roads.

d. Regulation of traffic discipline, and a ban on the use of pressure horns.

e. Enforcement of exhaust noise standards.

f. Mandating that silencers be effective in three-wheeled vehicles.

g. The use and construction of bypass roads for heavy vehicles.

h. Limiting night-time access of heavy vehicles to roads in residential neighbourhoods

i. Installation of sound-proof windows.

j. Proper planning of new towns and buildings.

Air Traffic Noise

Many airports were originally built at some distance from the towns they served.  But due to
growing populations and the lack of space, buildings are now commonly constructed alongside
airports in India.

Exposure.  A survey revealed that aircraft produced a high level of noise during take-off, with
sound pressure levels of 97–109 dBA for the Airbus, and 109 dBA for Boeing aircraft (SB
Ogale, unpublished observations).  During landing, the aircraft produced a sound pressure level
of 108 dBA.  Although exposure to aircraft noise is considered to be less of a problem than
exposure to traffic noise, the effects of air-traffic noise are similar to those of road traffic, and
include palpitations and frequent awakenings at night.
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Control measures.  The use of ear muffs must be made obligatory at the airport.  This can reduce
noise exposure to a safe level.  An air-traffic control act should also enforce the use and
introduction of low-noise aircraft, and mandate fewer night-time flights.

Rail Traffic Noise

Very little attention has been paid to the problems of railway noise.

Exposure.  In Bombay, where the majority of residential buildings are situated on either side of
railway tracks, residents are more prone to suffer from acoustic trauma.  More than 14% of the
population in Bombay suffer from sleep disturbances during night, due to high-speed trains and
their whistling.  A study on surface railways (SB Ogale, unpublished observations) revealed that
platform noise was 71–73 dBA in the morning and 78–83 dBA in the evening.  The noise from
loudspeakers mounted in the platform was 87–90 dBA.  At a distance of 1 m from the engine, the
whistle noise was 105–108 dBA for a train with an electric engine, up to 110 dBA for a train
with diesel engine and 118 dBA for steam engine trains.  Vacuum brakes produced noise levels
as high as 95 dBA.  This suggests that unprotected railway staff on platforms are at risk of
permanent noise induced hearing loss.

Festival noise

Festival noise in India was first surveyed in Bombay in late 1970, during the Ganpati festival
period.  A similar study (Santra et al. 1996) was conducted soon after in Calcutta at the Durga
Pooja festival during evening hours (18:00–22:00).  The music from loudspeakers produces
sound pressure levels of more than 112 dBA.  During the festival period the residents
experienced a noisy environment for 8–10 h at a stretch, with noise level of 85–95 dBA.  This
level is above the 80 dBA limit set by WHO for industrial workers exposed to noise for a
maximum period of 8 hours.

Control measures.  In a religious country, it is politically difficult to restrict religious music,
even in the interests of public health.  A ban on all music from loudspeakers after 22:00 would
decrease the sound pressure levels to below the permissible legal limit.  A preventive programme
is advocated to measure noise levels with sound level metres.

Fire crackers and toy weapons noise

Exposure.  A study conducted by Gupta & Vishvakarma (1989) at the time of Deepawali, an
Indian festival of fireworks, determined the auditory status of 600 volunteers from various age
groups, before and after exposure to firecrackers.  The study also measured the acoustical output
of representative samples of toy weapons and firecrackers, and the noise intensity level at critical
spectator points.  The average sound level at a distance of 3 m from the noise source was 150
dBA, exceeding the 130 dBA level at which adults are at risk for hearing damage.  On average,
2.5% of the people surveyed during Deepawali had persistent sensory neural hearing loss of 30
dBA, with those in the 9–15 year old age group being most affected.
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Control Measures.  A judicious approach in the manufacture and use of toy weapons and
firecrackers is encouraged, in addition to legal restraints.  Fireworks should be more a display of
light, rather than sound.

Generator Noise

Diesel generators are often used in India to produce electric power.  Big generators produce
sound pressure levels exceeding 96 dBA (SB Ogale, unpublished observations).

Conclusions

No comprehensive statistical data are available for community noise in India, however, the main
sources of environmental noise are road traffic, air traffic, rail traffic, festivals, firecrackers and
diesel generators.  The adverse effects of noise are difficult to quantify, since tolerance to noise
levels and to different types of noise varies considerably between people.  Noise intensity also
varies significantly from place to place.  It should also be noted that noise data from different
countries are often not obtained by the same method, and in general models have been used
which are based on data from a limited number of locations.  Noise control measures could be
taken at several levels, including building design, legal measures, and educating the people on
the health dangers of community noise.  In India, what is needed now is noise control legislation
and its strict enforcement, if a friendly, low-noise environment is to be maintained.

Noise Exposure in Indonesia

According to a report by the WHO, the noise exposure and control situation in Indonesia is as
follows (Dickinson 1993).

Exposure.  No nationwide data are available for Indonesia.  However, during the last three
decades there has been rapid growth in transportation, industry and tourism in Indonesia.

Control Measures.  With the large majority of people having little income, protection of the
physical environment has not been a first-order priority.  The following recommendations have
been made with respect to community noise (Dickinson 1993):

a. The cities of Indonesia have relatively large populations and each provincial
government will need the staff and equipment to monitor and manage the
environment.

b. Sound level meters with noise analysis computer programmes should be
purchased.

c. Training courses and adequate equipment should be provided.
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d. Noise management planning for airports should be promoted.

e. Reduction measures should be taken for road-traffic noise.

Noise Exposure in Bangladesh

Exposure.  In Bangladesh no authentic statistical data on the effects of community noise on
deafness or hearing impairment are available (Amin 1995).

Control Measures.  Governments have meager resources, a vast population to contend with and
high illiteracy rates; consequently, priorities are with fighting hunger, malnutrition, diseases and
various man-made and natural calamities.  The governments are unable to give the necessary
attention towards the prevention, early detection and management of noise disabilities in the
country.  Close cooperation is needed between the national and international organizations, to
exchange ideas, skills and knowledge (Amin 1995).

Noise Exposure in Thailand

Exposure.  Noise from traffic, construction, and from factories and industry has become a big
problem in the Bangkok area.  The National Environmental Board of Thailand was set up two
decades ago and has been active in studying the pollution problems in Thailand.  Indeed, a
committee on noise pollution control was set up to study the noise pollution in Bangkok area and
its surroundings.  Although regulations and recommendations were made for controlling various
sources of noise, the problem was not solved due to a lack of public awareness, the difficulty of
proving that noise had adverse effects on health and hearing, and the difficulty of getting access
to control noise.  A general survey revealed that 21.4% of the Bangkok population is suffering
from sensory neural hearing loss (Prasanchuk 1997).  Noise sources included street noise, traffic
noise, industrial noise and leisure noise.

Control Measures.  In 1996, regulations for noise pollution control set LAeq,24h levels at 70
dBA for residential areas, and less than 50 dBA to avoid annoyance.  The National Committee
on Noise Pollution Control has been asked to study the health effects of noise in the Bangkok
area and its surroundings, and determine whether these regulations are realistic and feasible.
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WESTERN PACIFIC REGION.

In this section, information on noise pollution and control will be given for three countries in the
Western Pacific Region, namely Australia, the People’s Republic of China and Japan.  From a
noise pollution point of view China may be viewed as a developing country, whereas Japan and
Australia, with their high level of industrialization, represent developed countries.

Australia (Andrew Hede & Michinori Kabuto)

Exposure.  Australia has a population of 18 million with the majority living in cities that have
experienced increasing noise pollution from a number of sources.  The single most serious
source of noise is road traffic, although in major cities such as Sydney, Melbourne and Perth,
large communities are exposed to aircraft noise as well.  Other important sources of noise
pollution are railway noise and neighbourhood noise (including barking dogs, lawn mowers and
garbage collection).  A particular problem in Australia is that the climate encourages most
residents to live with open windows, and few houses have effective noise insulation.

A study of road-traffic noise was conducted at 264 sites in 11 urban centres with populations in
excess of 100 000 people (Brown et al. 1994).  Noise was measured one metre from the façade of
the most exposed windows and at window height.  From the results, it was estimated that over
9% of the Australian population is exposed to LA10,18h levels of 68 dB or greater, and 19% of
the population is exposed to noise levels of 63 dB or greater.  In terms of LAeq values for
daytimes, noise exposure in Australia is worse than in the Netherlands, but better than in
Germany, France, Switzerland or Japan.

Control.  In the mid-1990’s, when a third runway was built at Sydney Airport, the government
funded noise insulation of high-exposed dwellings.  Increasingly, too, major cities are using
noise barriers along freeways adjacent to residential communities.  In most states barriers are
mandatory for new freeways and for new residential developments along existing freeways and
major motorways.  There has been considerable testing of noise barriers by state agencies, to
develop designs and materials that are cost effective.

Brown AL et al. (1994) Exposure of the Australian Population in Road Traffic Noise. Applied
Acoustics 43: 169-176.
OECD (1991) Fighting Noise in the 1990’s. Organization for Economic Cooperation and
Development, Paris, France.

China (Chen Ming)

Introduction

Urban noise pollution has become a contemporary world problem.  Urban noise influences
people’s living, learning and working.  People exposed to noise feel disagreeable and cannot
concentrate on work.  Rest and sleep are also disturbed.  People exposed to high-intensity noise
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do not hear alarm signals and cannot communicate with each other.  This can result in injury and,
indeed, with the modernization of China, construction accidents related to noise are increasing.
According to statistics for several cities in China, including Beijing, Shanghai, Tientsin and
Fuzhou, the proportion of total accidents that were noise related was 29.7% in 1979, 34.6% in
1980, 44.8% in 1981 and 50% in 1990.  It is therefore very important to control noise pollution
in China.

Long-term exposure to urban environmental noise can lead to temporary hearing loss (assessed
by temporary threshold shift), permanent hearing loss (assessed by permanent threshold shift) or
deafness.  Microscopy studies have shown that in people exposed to noise for long periods, hair
cells, nerve fibers and ganglion cells were absent in the cochleae, especially in the basal turns.
The primary lesion is in the 8–10 mm region of the cochlea, which is responsible for detecting
sound at a frequency of 4 000 Hz.  People chronically exposed to noise may first complain about
tinnitus and, later on, about hearing loss.  This is especially true for patients who have bilateral
hearing loss at 4 000 Hz, but who have relatively good hearing other frequencies.  Non-auditory
symptoms of noise include effects on the nervous system, cardiovascular system and blood
system.  These symptoms were rarely observed in China in the past, but today more and more
people complain about hearing damage and non-auditory physiological effects.

Urban environmental noise has thus become a common concern of all members of society.  A
key to resolving the complex noise issue lies in the effective control of urban noise sources.
Control measures include reducing noise at its source, changing noise transmission pathways,
building design, community planning and the use of personal hearing protection.

Urban environmental noise sources can be divided into industrial noise, traffic noise, building
architecture noise and community district noise sources.  Only the last three types are of concern
here.

Traffic Noise

There are four sources of traffic noise: road traffic, railway transport, civil aviation and water
transport; of these, road traffic is the main source of urban noise.  The sound emission levels of
heavy-duty trucks are 82–92 dBA and 90–100 dBA for electric horns; air horns are even worse,
with sound emission levels of 105–110 dBA.  Most urban noise from automobiles is in the 70–75
dB range, and it has been estimated that 27% of all complaints are about traffic noise.  When a
commercial jet takes off, speech communication is interrupted for up to 1 km on both sides of the
runway, but people as far away as 4 km are disturbed in their sleep and rest.  If a supersonic
passenger plane flies at an altitude of 1 500 m, its sound pressure waves can be heard on the
ground in a 30–50 km radius.

Building Noise

As a result of urban development in China, construction noise has become an increasingly
serious problem.  It is estimated that 80% of the houses in Fuzhou were built in the past 20 years.
According to statistics, the noise from ramming in posts and supports is about 88 dB and the
noise from bulldozers and excavators is about 91 dB, 10 m from the equipment.  About 98% of
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industrial noise is in the 80–105 dB range, and it is estimated that 20% of all noise complaints is
about industrial noise.

Community Noise

The main sources of community noise include street noise, noise from electronic equipment (air
conditioners, refrigerators, washing machines, televisions), music, clocks, gongs and drums.
Trumpets, gongs, drums and firecrackers, in particular, seriously disturb normal life and lead to
annoyance complaints.

In conclusion, urban noise pollution in China is serious and is getting worse.  To control noise
pollution, China has promulgated standard sound values for environmental noise.  These are
summarized in table A2.2.

Table A2.2: LAeq standard values in dB for environmental noise in urban areas.

Applied area day night

Special residential quarters1 45 35
Residential and cultural education area2 50 40
Type 1 mixed area3 55 45
Type 2 mixed area4 or commercial area 60 50
Industrial area 65 55
Arterial roads5 70 55

1 Special residential quarters: quiet residential area
2 Residential and cultural education area: residential quarters, cultural, educational offices
3 Type 1 mixed area: mixture of commercial area and residential quarters
4 Type 2 mixed area: mixture of industrial area, commercial area, residential quarters and others
5 Roads with traffic volume of more than 100 cars per hour

The peak sound levels for frequent noises emitted during the night-time are not allowed to
exceed standard values by more than 10 dBA.  Single, sudden noises during the night-time are
not allowed to exceed standard values by more than 15dBA.
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Japan (Michinori Kabuto)

Environmental Quality Standards

Noise standards for both general and roadside areas were set in Japan in 1967, through the
“Basic Law for Environmental Pollution.”  This law was updated in September 1999. Each
standard is classified according to the type of land use and the time of day.  In ordinary
residential areas, the night-time standard is 45 dB LAeq, but in areas that require even lower
noise exposure, such as hospitals, this is lowered to 40 dB LAeq.  In contrast, the daytime levels
for commercial and industrial areas is as high as 60 dBA.  Standards for roadside areas are 70 dB
LAeq for daytime and 65 dB LAeq for nighttime.  Between 1973–1997 noise standards for
aircraft noise, super-express train noise and conventional railway train noise were also
implemented.  Standards for aircraft noise were set in terms of the weighted equivalent
continuous perceived noise level (WECPNL).  For residential areas, the WECPNL standard is 70
dBA, and is 75 dBA for areas where it is necessary to maintain a normal daily life.

For super-express trains, the Environmental Agency required noise levels to be below 75 dBA in
densely populated residential areas, such as along the Tokaido and Sanyo Shinkansen lines, as
well as in increasingly populated areas, such as along the Tohoku and Joetsu Shinkansen lines.
The standards were to be met by 1990, but by 1991 this level had been achieved at only 76% of
the measuring sites on average.  Noise countermeasures included the installation of new types of
sound-proof walls, and laying ballast mats along densely populated stretches of the four
Shinkansen lines.  Noise and vibration problems can also result from conventional trains, such as
occurred with the opening of the Tsugaru Strait and Seto Ohashi railway lines in 1988.  Various
measures have since been taken to address the problems.

Complaints About Community Noise.

In Japan, complaints to local governments about environmental problems have been summarized
annually and reported by Japan Environmental Agency.  Thirty-seven percent of all complaints
was due to factory (machinery) noise; 22% to construction noise; 3% to road traffic noise; 4% to
air traffic noise; 0.8% to rail traffic noise; 9% to night-time business; 6% to other commercial
activities; 2.5% to loudspeaker announcements; 9% to domestic noise; and 8% was due to
miscellaneous complaints.
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Sources of Noise Exposure and their Effects

Road-traffic noise.  The number of automobiles in Japan has increased from 20 million in 1971
to 70 million in 1994, a 3.5-fold increase.  One-third of this increase was due to heavy-duty
vehicles.  Since 1994, out of a total of 1 150 000 km of roads in Japan, only 29 930 km have
been designed according to noise regulations.  According to 1998 estimates by the
Environmental Agency, 58% of all roads passed through residential areas.  Daytime noise limits
were exceeded in 92% of all cases, and night-time limits were exceeded in 87% of all cases.  The
study also estimated that 0.5 million houses within 10 m of the roads were exposed to excessive
traffic noise.  In a recent lawsuit, the Japanese Supreme Court ruled that people should be
compensated when exposed to night-time noise levels exceeding 65 dB Laeq.  This would apply
to people living alongside 2 000 km of roads in Japan.

A recent epidemiological study examined insomnia in 3 600 women living in eight different
roadside areas exposed to night-time traffic.  Insomnia was defined as one or more of the
following symptoms: difficulty in falling asleep; waking up during sleep; waking up too early;
and feelings of sleeplessness one or more days a week over a period of at least a month.  The
data were adjusted for confounding variables, such as age, medical care, whether the subjects
had young children to care for, and sleep apnea symptoms.  The results showed that the odds
ratio for insomnia was significantly correlated with the average night-time traffic volume for
each of the eight areas and suggested that insomnia could be attributed solely to night-time road
traffic.

From the most noisy areas in the above study 19 insomnia cases were selected for a further in-
depth examination.  The insomnia cases were matched in age and work with 19 control subjects.
Indoor and outdoor sound levels during sleep were measured simultaneously at 0.6 s intervals.
For residences facing roads with average night-time traffic volume of 6 000 vehicles per hour,
the highest sound levels observed were 78–93 dBA.  The odds ratios for insomnia in each of the
quartiles for LAmax,1min; L50,1min; L10,1min and LAeq,1min generally showed a linear trend
and ranged between 1 (lowest quartile) and 6–7 (highest quartile).  It was concluded that
insomnia was likely to result when night-time indoor LAeq, 1min sound levels exceeded 30
dBA.

Air-traffic noise  At the larger Japanese airports (Osaka, Tokyo, Fukuoka), jet airplanes have
rapidly increased in number and have caused serious complaints and lawsuits from those living
nearby.  Complaints about jet-fighter noise are also common from residents living in the vicinity
of several U.S. airbases located in Japan.  In the case of Kadena and Futemma airbases on
Okinawa, a recent study by the Okinawa Prefecture Government suggested that hearing loss,
child misbehaviour and low birth-weight babies were possible health effects of the noise
associated with these bases (RSCANIH 1997).  Using measurements taken in 1968 during the
Vietnam War, it was estimated that the WECPNL was 99–108 dBA at the Kadena village fire
station.  Similar WECPNL estimates of 105 dBA were also obtained for Yara (Kadena-cho) and
Sunabe (Chatan-cho) bases.  These levels correspond to a LAeq,24h value of 83 dB, and are of
serious concern in light of recommendations by the Japan Association of Industrial Health that
occupational noise exposure levels should not exceed 85 dB for an 8-h work day if hearing loss
is to be avoided.
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Audiogrammes of subjects living in areas surrounding Kadena airport indicated that they had
progressive hearing loss at higher frequencies.  Eight subjects had hearing impairment in the 3–6
kHz range, which strongly suggested that the hearing loss was due to excessive noise exposure.
Since the examiners confirmed the subjects had not been exposed to repeated intense noise at
their residences or workplaces, the most likely cause of their hearing loss was the intense aircraft
noise during take-offs, landings and tune-ups at Kadena airport.

The effects of noise were examined in children from nursery schools and kindergartens in towns
surrounding Kadena airport.  The children were scored with respect to seven variables: cold
symptoms, emotional instability, discontentment-anxiety, headache-stomachache, passivity,
eating problems and urination problems.  Confounding factors, such as sex, age, birth order, the
number of parents living together, the mother’s age when the child was born, reaction to noise
and the extent of noise exposure, were taken into account.  The results showed that children
exposed to noise had significantly more problems with respect to their behaviour, physical
condition, character and reaction to noise, when compared to a control group of children that had
not been exposed to airport noise.  This was especially true of for children exposed to a
WECPNL of 75 or more.  Thus, small children acquire both physical and mental disorders from
chronic exposure to aircraft noise.

Chronic exposure to aircraft noise also affects the birth-weight of children.  The birth-weights of
infants were analyzed using records from 1974 to 1993 in the Okinawa Prefecture.  Confounding
factors such as the mother's age, whether there were single or multiple embryos, the child’s sex,
and the legitimacy of the child were considered.  The results showed that 9.1 % of all infants
born in Kadena-cho, located closest to Kadena airport, had low birth-weights.  This was
significantly higher than the 7.6 % rate seen in other municipalities around Kadena and Futemma
airfields, and much higher than the 7 % rate in cities, towns and villages on other parts of
Okinawa Island.

Rail-traffic noise.  Commuter trains and subway cars expose Tokyo office workers to much
higher noise levels than do other daily activities (Kabuto & Suzuki 1976).  Exposure to indoor
noise may vary according to railway line or season (there are more open windows in good
weather), but the levels range from 65–85 dBA.  In general, these values exceeded the LAeq,24h
level of 70 dBA for auditory protection (US EPA 1974).

Neighbourhood noise.  Neighbourhood noise, including noise from late-night business
operations, noise caused by loudspeaker announcements, and noise from everyday activities,
have accounted for approximately 39% of all complaints about noise in recent years.  At present,
noise controls for late-night business operations have been enforced by ordinances in 39 cities
and prefectures, and in 42 cities for loudspeaker announcements.
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Appendix 3 : Glossary

Acoustic Pertaning to sound or to the sense of hearing (CMD 1997)

Acoustic dispersion Change of speed of sound with frequency (ANSI 1994)

Acoustic trauma Injury to hearing by noise, especially loud noise (CMD
1997)

Adverse effect (of noise:) A change in morphology and physiology of an
organism which results in impairment of functional
capacity or impairment of capacity to compensate for
additional stress or increase in susceptibility to the harmful
effects of other environmental influences. This definition
includes any temporary or long term lowering of physical,
psychological or social functioning of humans or human
organs (WHO 1994)

Annoyance A feeling of displeasure associated with any agent or
condition known or believed by an individual or a group to
be adversely affecting them” (Lindvall and Radford 1973;
Koelega 1987). Any sound that is perceived as irritating or
a nuisance (ANSI 1995)

Anxiety A feeling of apprehension, uncertainty, and fear without
apparent stimulus, and associated with physiological
changes (tachycardia, sweating, tremor, etc.) (DIMD 1985).
A vaguer feeling of apprehension, worry, uneasiness, or
dread, the source of which is often nonspecific or unknown
to the individual (CMD 1997).

Audiometry Testing of the hearing sense (CMD 1997). Measurement of
hearing, including aspects other than hearing sensitivity
(ANSI 1995)

Auditory Pertaining to the sense of hearing (CMD 1997)

Auditory threshold Minimum audible sound perceived (CMD 1997)

A-weighting A frequency dependent correction that is applied to a
measured or calculated sound of moderate intensity to
mimick the varying sensitivity of the ear to sound for
different frequencies
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Ambient noise All-encompassing sound at a given place, usually a
composite of sounds from many sources near and far
(ANSI 1994)

Articulation index Numerical value indicating the proportion of an average
speech signal that is understandable to an individual (ANSI
1995)

Bel Unit of level when the base of the logarithm is ten, and the
quantities concerned are proportional to power; unit symbol
B (ANSI 1994)

Cardiovascular Pertaining to the heart and blood vessels (DIMD 1985)

Cochlea A winding cone-shaped tube forming a portion of the inner
ear. It contains the receptor for hearing (CMD 1997)

Cognitive Being aware with perception, reasoning, judgement,
intuition, and memory (CMD 1997)

Community noise Noise emitted from all noise sources except noise at the
industrial workplace (WHO 1995a)

Cortisol A glucocortical hormone of the outer layer of the adrenal
gland (CMD 1997)

Critical health effect Health effect with lowest effect level

C-weighting A frequency dependent correction that is applied to a
measured or calculated sound of high intensity to mimick
the varying sensitivity of the ear to sound for different
frequencies

dB Decibel, one-tenth of a bel

dBA A-weighted frequency spectrum in dB, see A-weighting

dBC C-weighted frequency spectrum in dB, see C-weighting

dBlin Unweighted frequency spectrum in dB

Decibel Unit of level when the base of the logarithm is the tenth
root of ten, and the quantities concerned are proportional to
power; unit symbol dB (ANSI 1994)
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Ear plug Hearing protector that is inserted into the ear canal (ANSI
1994)

Ear muff Hearing protector worn over the pinna (external part) of an
ear (ANSI 1994)

Effective perceived noise level Level of the time integral of the antilogarithm of one tenth
of tone-corrected perceived noise level over the duration of
an aircraft fly-over, the reference duration being 10 s
(ANSI 1994)

Emission (of sounds). Sounds generated from all types of sources

Epinephrine A hormone secreted by the adrenal medulla (inner or
central portion of an organ) in response to stimulation of
the sympathetic nervous system (CMD 1997)

Equal energy principle Hypothesis that states that the total effect of sound  is
proportional to the total amount of sound energy received
by the ear, irrespective of the distribution of that energy in
time

Equivalent sound pressure level Ten times the logarithm to the base ten of the ratio of the
time-mean-square instantaneous sound pressure, during a
stated time interval T, to the square of the standard
reference sound pressure (ANSI 1994)

Exposure-response curve Graphical representation of exposure-response relationship

Exposure-response relationship (With respect to noise:) Relationship between specified
sound levels and health impacts

Frequency For a function periodic in time, the reciprocal of the period
(ANSI 1994)

Frequency-weighting A frequency dependent correction that is applied to a
measured or calculated sound (ANSI 1994)

Gastro-intestinal Pertaining to the stomach and intestines (CMD 1997)

Hearing impairment, hearing loss A decreased ability to perceive sounds as compared which
what the individual or examiner would regard as normal
(CMD 1997)

Hearing threshold For a given listener and specified signal, the minimum (a)
sound pressure level or (b) force level that is capable of
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evoking an auditory sensation in a specified function of
trials (ANSI 1994)

Hertz Unit of frequency, the number of times a phenomenon
repeats itself in a unit of time; abbreviated to Hz

Hysteria A mental disorder, usually temporary, presenting somatic
(pertaining to the body) symptoms, stimulating almost any
type of physical disease. Symptoms include emotional
instability, various sensory disturbations, and a marked
craving for sympathy (CMD 1997)

Immission Sounds impacting on the human ear.

Impulsive sound Sound consisting of one or more very brief and rapid
increases in sound pressure

Incubator An enclosed crib, in which the temperature and humidity
may be regulated, for care of premature babies (CMD
1997)

Isolation, insulation (With respect to sound:) Between two rooms in a specified
frequency band, difference between the space-time average
sound presssure levels in the two enclosed spaces when one
or more sound sources operates in one of the rooms (ANSI
1994).
(With respect to vibrations:) Reduction in the capacity of a
system to respond to excitation, attained by use of resilient
support (ANSI 1994).

Ischaemic Heart Disease Heart disease due to a local and temporary deficiency of
blood supply due to obstruction of the circulation to a part
(CMD 1997)

Loudness level Of a sound, the median sound pressure level in a specified
number of trials of a free progressive wave having a
frequency of 1000 Hz that is judged equally loud as the
unknown sound when presented to listeners with normal
hearing who are facing the source; unit phon (ANSI 1994)

Level Logarithm of the ratio of a quantity to a reference quantity
of the same kind; unit Bel (ANSI 1994)

Maximum sound level Greatest fast (125 milliseconds) A-weighted sound level,
within a stated time interval (ANSI 1994)
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Mental Health The absence of identifiable psychiatric disorder according
to current norms (Freeman 1984). In noise research, mental
health covers a variety of symptoms, ranging from anxiety,
emotional stress, nervous complaints, nausea, headaches,
instability, argumentativeness, sexual impotency, changes
in general mood and anxiety, and social conflicts, to more
general psychiatric categories like neurosis, phychosis and
hysteria (Berglund and Lindvall 1995).

Morphological Pertaining to the science of structure and form of organisms
without regard to function (CMD 1997)

Nausea An unpleasant sensation usually preceding vomiting (CMD
1997)

Neurosis An emotional disorder due to unresolved conflicts, anxiety
being its chief characteristic (DIMD 1985)

Noise Undesired sound. By extension, noise is any unwarranted
disturbance within a useful frequency band, such as
undesired electric waves in a transmission channel or
device (ANSI 1994).

Noise induced
temporary threshold shift Temporary hearing impairment occurring as a result of

noise exposure, often phrased temporary threshold shift
(adapted from ANSI 1994)

Noise induced
permanent threshold shift Permanent hearing impairment occurring as a result of

noise exposure, often phrased permanent threshold shift
(adapted from ANSI 1994)

Noise level Level of undesired sound

Norepinephrine A hormone produced by the adrenal medulla (inner or
central portion of an organ), similar in chemical and
pharmacological properties to epinephrine, but chiefly a
vasoconstrictor with little effect on cardiac output (CMD
1997)

Oscillation Variation, usually with time, of the magnitude of a quantity
with respect to a specified reference when the magnitude is
alternately greater and smaller than the reference (ANSI
1994)
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Ototoxic Having a detrimental effect on the organs of hearing (CMD
1997)

Paracusis Any abnormality or disorder of the sense of hearing (CMD
1997)

Pascal Unit of pressure, equal to one newton per square meter,
abbreviated to Pa

Peak sound pressure Greatest absolute instantaneous sound pressure within a
specified time interval (ANSI 1994)

Peak sound pressure level Level of peak sound pressure with stated frequency
weighting, within a specified time interval (ANSI 1994)

Perceived noise level Frequency-weighted sound pressure level obtained by a
stated procedure that combines the sound pressure levels in
the 24 one-third octave bands with midband frequencies
from 50 Hz to 10 kHz (ANSI 1994)

Permanent threshold shift,
permanent hearing loss Permanent increase in the auditory threshold for an ear

(adapted from ANSI 1995) (see also: noise induced
permanent threshold shift)

Presbyacusia, presbycusis The progressive loss of hearing ability due to the normal
aging process (CMD 1997)

Psychiatric disorders Mental disorders

Psychosis Mental disturbance of a magnitude that there is a
personality disintegration and loss of contact with reality
(CMD 1997)

Psychotropic drug A drug that affects psychic function, behaviour or
experience (CMD 1997)  

Reverberation time Of an enclosure, for a stated frequency or frequency band,
time that would be required for the level of time-mean-
square sound pressure in the enclosure to decrease by 60
dB, after the source has been stopped (ANSI 1994)

Sensorineural Of or pertaining to a sensory nerve; pertaining to or
affecting a sensory mechanism and/or a sensory nerve
(DIMD 1985)
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Signal Information to be conveyed over a communication system
(ANSI 1994)

Signal-to-noise ratio Ratio of a measure of a signal to the same measure of the
noise (ANSI 1995) (see also: noise –in its extended
meaning)

Silencer Duct designed to reduce the level of sound; the sound-
reducing mechanisms may be either absorptive or reactive,
or a combination (ANSI 1994)

Sound absorption Change in sound energy into some other form, usually heat,
in passing through a medium or on striking a surface (ANSI
1994)

Sound energy Total energy in a given part of a medium minus the energy
that would exist at that same part with no sound waves
present (ANSI 1994)

Sound exposure Time integral of squared, instantaneous frequency-
weighted sound pressure over a stated time interval or
event (ANSI 1994)

Sound exposure level Ten times the logarithm to the base ten of the ratio of a
given time integral of squared, instantaneous A-weighted
sound pressure, over a stated time interval or event, to the
product of the squared reference sound pressure of 20
micropascals and reference duration of one second (ANSI
1994)

Sound intensity Average rate of sound energy transmitted in a specified
direction at a point through a unit area normal to this
direction at the point considered (ANSI 1994)

Sound level meter Device to be used to measure sound pressure level with a
standardized frequency weighting and indicated
exponential time weighting for measurements of sound
level, or without time weighting for measurement of time-
average sound pressure level or sound exposure level
(ANSI 1994)

Sound pressure Root-mean-square instantaneous sound pressure at a point,
during a given time interval (ANSI 1994), where the
instantaneous sound pressure is the total instantaneous
pressure in that point minus the static pressure (ANSI
1994)
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Sound pressure level Ten times the logarithm to the base ten of the ratio of the
time-mean-square pressure of a sound, in a stated
frequency band, to the square of the reference sound
pressure in gases of 20 :Pa (ANSI 1994)

Sound reduction index Single-number rating of airborne sound insulation of a
partition (ANSI 1994)

Sound transmission class Single-number rating of airborne sound insulation of a
building partition (ANSI 1994)

Speech interference level One-fourth of the the sum of the band sound pressure levels
for octave-bands with nominal midband frequencies of 500,
100, 2000 and 4000 Hz (ANSI 1994)

Speech intelligibility That property which allows units of speech to be identified
(ANSI 1995)

Speech perception Psychological process that relates a sensation caused by a
spoken message to a listener’s knowledge of speech and
language (ANSI 1995)

Speech comprehension (a) Highest level of speech perception. (b) Knowledge or
understanding of a verbal statement (ANSI 1995)

Speech transmission index Physical methgod for measuring the quality of speech-
transmission channels accounting for nonlinear distortions
as well as distortions of time (ANSI 1995)

Stereocilia Nonmotile protoplasmic projections from free surfaces on
the hair cells of the receptors of the inner ear (CMD 1997)

Stress The sum of the biological reactions to any adverse
stimulus, physical, mental or emotional, internal or
external, that tends to disturb the organism’s homeostasis
(DIMD 1985)

Temporary threshold shift,
temporary  hearing loss Temporary increase in the auditory threshold for an ear

caused by exposure to high-intensity acoustic stimuli
(adapted from ANSI 1995) (see also: noise induced
temporary threshold shift).

Tinnitus A subjective ringing or tinkling sound in the ear (CMD
1997). Otological condition in which sound is perceived by
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a person without an external auditory stimulation. The
sound may be a whistling, ringing, buzzing, or cricket type
sounds, but auditory hallucinations of voices are excluded
(ANSI 1995).

Vibration Oscillation of a parameter that defines the motion of a
mechanical system (ANSI 1994)

For references see Appendix A.
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Appendix 4 : Acronyms

AAP American Academy of Pediatrics
AI Articulation  Index
AMIS Air Management Information System (WHO, Healthy Cities)
ANEF Australian Noise Exposure Forecast
ANSI American National Standard Institute, Washington DC, USA
ASCII American Standard Code for Information Interchange
ASHA American Speech-Language-Hearing Association, Rockville, MD, USA
ASTM American Society for Testing and Materials, West Conshohocken, PA, USA
CEN Comité Européen de Normalisation, Brussels, Belgium (European Committee

for Standardization )
CFR Code of Federal Regulations (United States)
CIAL Centro de Investigaciones Acústicas y Luminotécnicas, Córdoba, Argentina

(Centre of acoustical and light- technical investigations)
CMD Cyclopedic Medical Dictionary
CNRC Conseil National de Recherches du Canada (National Research Council)
COPD Chronic Obstructive Pulmonary Disease
CSD Commission for Sustainable Development
CSIRO Commonwealth Scientific and Industrial Research Organization
CVS Cardiovascular System
DNL Day-Night Average Sound Level (United States)
EC DG European Commission Directorate General
ECE Economic Commission for Europe
ECMT European Conference of Ministers of Transport
EHIAP Environmental Health Impact Assessment Plan
EIAP Environmental Impact Assessment Plan
EMRO WHO Regional Office of the Eastern Mediterranean
ENIA Environmental Noise Impact Analysis
EPNL Effective Perceived Noise Level measure   
EU European Union
FAA Federal Aviation Administration (United States)
FFT Fast Fourier Transform technique
GIS Geographic Information System
Hz Hertz, the unit of frequency
ICAO International Civil Aviation Organization
ICBEN International Commission on the Biological Effects of Noise
IEC  International Electrotechnical Commission
ILO International Labour Office, Geneva, Switzerland
INCE Institute of Noise Control Engineering of the United States of America
INRETS Institut National de REcherche sur les Transports et leur Sécurité, Arcueil, France

(National Research Institute for Transport and their Safety)
ISO International Standards Organization
I-INCE International Institute of Noise Control Engineering
L10 10 percentile of sound pressure level
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L50 Median sound pressure level
L90 90-percentile of sound pressure level
LA Latin America
LAeq,T A-weighted equivalent sound pressure level for period T
LAmax Maximum A-weighted sound pressure level in a stated interval
Ldn Day and night continuous equivalent sound pressure level
Leq,T Equivalent sound pressure level for period T
LEQ(FLG) Descriptor used for aircraft noise (Germany)
LNIP Low Noise Implementation Plan
Lp Sound pressure level
MTF Modulation Transfer Function
NASA National Aeronautics and Space Administration (United States)
NC Noise Criterion
NCA Noise Control Act (United States)
NCB Balanced Noise Criterion procedure system
NEF Noise Exposure Forecast
NEPA National Environmental Policy Act (United States)
NGO Non Governmental Organization
NIHL Noise Induced Hearing Loss
NIPTS Noise Induced Permanent Threshold Shift
NITTS Noise Induced Temporary Threshold Shift
NNI Noise and Number Index
NR Noise Rating
NRC National Research Council (United States, Canada)
OECD Organisation for Economic Co-operation and Development, Paris, France.
ONAC Office of Noise Abatement and Control of the US EPA
OSHA Occupational Safety and Health Administration
Pa Pascal, the unit of pressure
PAHO Pan American Health Organization
PHE Department for Protection of the Human Environment, WHO, Geneva
PNL Perceived Noise Level
PSIL Preferred Speech Interference Level
PTS Permanent Threshold Shift
RASTI Rapid Speech Transmission Index
RC Room Criterion
SABS South African Bureau of Standards
SEL Sound Exposure Level
STC Sound Transmission Class
STI Speech Transmission Index
TTS Temporary Threshold Shift
UK United Kingdom
UN United Nations
UNCED United Nations Conference on Environment and Development (Rio de Janeiro, June

1992)
UNDP United Nations Development Programme
UNECE United Nations Economic Commission for Europe
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UNEP United Nations Environment Programme
UNESCO United Nations Educational, Scientific and Cultural Organization
US EPA United States Environmental Protection Agency
USA United States of America
WCED World Commission on Environment and Development (Brundtland Commission)
WECPNL Weighted Equivalent Continuous Perceived Noise Level
WHO World Health Organization
WWF World Wildlife Fund
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Appendix 5 : Equations and other technical information

Basic acoustical measures

Sound Pressure Level

The time-varying sound pressure will completely define a sound in a given location. The sound
pressure range is wide within which human listeners can receive (10

-5
 - 10

2
 N/m

2
). Therefore, it

is practical to measure sound pressure level on a logarithmic scale. Sound intensity level is
defined as 10 times the logarithm (to the base 10) of the ratio of the sound intensity of a target
sound to the sound intensity of another (reference) sound. Sound intensity is proportional to the
squared sound pressure because the static mass density of the sound medium as well as the speed
of sound in this medium are invariant. The sound pressure level (Lp) of a sound may be
expressed as a function of sound pressure (p) and is, thus, possible to measure:

Lp = 10 log10 (p/pref)
2

For the purpose of measuring sound pressure level in a comparative way, the reference pressure,
pref, has an internationally agreed value of 2.10

-5
 N/m

2
 (earlier 20 µPa). Sound pressure level is

then expressed in decibel (dB) relative to this reference sound.

Sound Pressure Level of Combined Sounds

Whereas sound intensities or energies or pressures are additive, non-correlated time-varying
sound pressure levels have first to be expressed as mean square pressure, then added, and then
transferred to a sound pressure value again. For example, if two sound sources are combined,
each of a sound pressure level of 80 dB, then the sound pressure level of the resulting combined
sound will become 83 dB:

Lp =  10 * log10 (10
8
 + 10

8
) = 10 * log10 (2 * 10

8
) = 10 * (log10 2 + log10 10

8
) =

 10 * (0.3 + 8) = 83

It is only sounds with similar sound pressure levels that when combined will result in a
significant increase in sound pressure level relative to the louder sound. In the example given
above, a doubling of the sound energy from two sources will only result in a 3-dB increase in
sound pressure level. For two sound sources that emit non-correlated time-varying sound
pressures, this represents the maximum increase possible. The sound pressure level outcome,
resulting from combining two sound pressure levels in dB, is displayed in Figure A.5.1.
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Figure A.5.1: Estimate of combined sound levels

Equivalent Continuous Sound Pressure Level

Average sound pressure level is determined for a time period of interest, T, which may be an
interval in seconds, minutes, or hours. This gives a dB-value in Leq that stands for equivalent
continuous sound pressure level or simply sound level. It is derived from the following
mathematical expression in which A-weighting has been applied:
.

                                              T

LAeq,T  = 10 log10{(1/T) 0 m 10 Lp(t)/10 dt } [dBA]

Because the integral is a measure of the total sound energy during the period T, this process is
often called “energy averaging”. For similar reasons, the integral term representing the total
sound energy may be interpreted as a measure of the total noise dose. Thus, Leq is the level of
that steady sound which, over the same interval of time as the fluctuating sound of interest, has
the same mean square sound pressure, usually applied as an A-frequency weighting. The interval
of time must be stated.

Sound exposure level
Individual noise events can be described in terms of their sound exposure level (SEL).  SEL is
defined as the constant sound level over a period of 1 s that would have the same amount of
energy as the complete noise event (Ford 1987).  For a single noise event occurring over a time
interval T, the relationship between SEL and LAeq,T is,

SEL = LAeq,T + 10 log10 (T/T0)

In this equation T0 is 1 s.
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Day and night continuous sound pressure level
There are different definition in different countries. One definition is (von Gierke 1975; Ford
1987):

Ldn = LAeq,16h + LAeq,8h – 10 dBA

Where LAeq,16h is the day equivalent sound pressure level and LAeq,8h is the night equivalent
sound pressure level.

Sound Transmission into and within buildings
An approximate relationship between sound reduction index (R), the frequency (f), the mass per
unit area of the panel (m) in kg/m2,  and the angle of incidence (θ) is given by

R(θ) = 20 log{f m COS(θ)} – 42.4, (dB)
This relationship indicates that the sound reduction index will increase with the mass of a panel
and with the frequency of the sound as well as varying with the angle of incidence of the sound.
It is valid for limp materials but is a good approximation to the behaviour of many real building
materials at lower frequencies.
The sound reduction index versus frequency characteristics are usually complicated by a
coincidence dip which occurs around the frequency where the wavelength of the incident sound
is the same as the wavelength of bending waves in the building façade material. The frequency at
which the coincidence dip occurs is influenced by the stiffness of the panel material.  Thicker,
and hence stiffer materials, will have coincidence dips that are lower in frequency than less stiff
materials.  Figure A.5.2 plots measured sound reduction index values versus frequency for 4 mm
thick glass and illustrates the coincidence dip for this glass at a frequency centered just above
3 kHz.
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Figure A.5.2: Sound reduction index versus
frequency for single and double layers of 4 mm
glass (air separation 13 mm).
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As also illustrated in Figure A.5.2 for two layers of 4 mm glass, the low frequency sound
reduction can be severely limited by the mass-air-mass resonance.  This resonance is due to the
combination of the masses of the two layers and the stiffness of the enclosed air space.  As the
Figure A.5.2 example shows, this resonance can often dramatically reduce the low frequency
sound reduction of common double window constructions.
The sound reduction of various building constructions can be calculated as the difference
between the average sound levels in the two rooms (L1 – L2) plus a correction involving the area
of the test panel (S) in m2 and the total sound absorption (A) in m2 in the receiving room,

R = L1 – L2 + 10 log{S/A}  [dB].
For outdoor-to-indoor sound propagation, the measured sound reduction index will also depend
on the angle of incidence of the outdoor sound as well as the position of the outdoor measuring
microphone relative to the building façade,

R = L1 – L2 + 10 log{4S COS(θ)/A} + k  [dB].
When the outdoor incident sound level L1 is measured with the outdoor microphone positioned
against the external façade surface, measured incident sound pressures will be 6 dB higher due to
pressure doubling. This occurs because the incident sound and reflected sound arrive at the
microphone at the same time.  If the external microphone is located 2 m from the façade, there
will not be exact pressure doubling but an approximate doubling of the measured sound energy
corresponding to a 3 dB increase in sound level.  The table below indicates the appropriate
values of k to be used in the above equation, depending on the location of the outdoor
microphone, to account for sound reflected from the façade.
k = 0, dB L1  does not include reflected sound.
k = -3, dB L1 measured 2 m from façade and includes reflected energy.
k = -6, dB L1 measured at the façade surface and includes pressure doubling effect.
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