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Chapter 3
Noise Effects on Health and Welfare

This chapter presents information on the effect of noise on people and may be used to:
(1) determine community health and welfare goals; (2) provide justification for a noise
ordinance; and (3) provide information to the citizenry on the adverse effects of noise
pollution. These effects are: hearing loss, speech interference, sleep interference,
performance interference, and annoyance.

Introduction

One obligation of a community is to protect its citizens from adverse environmental
influences. Noise is one of these factors, so this chapter addresses the recipients of noise and
how it influences them; later chapters address the sources of noise. One argument against a
noise ordinance is that there are other more important factors in the community to control
because sound does not do immediate serious harm. Air pollution and second hand cigarette
smoke have similar negative impacts but are routinely regulated. Noise should also be given the
same consideration, as this chapter will show.
The primacy purpose of this chapter then is to provide:

 An understanding of the effects of noise on people which will enable you to recommend
a list of health and welfare goals for justification of a noise ordinance.

 Information for use in educating officials and the citizenry on the effects of noise.

The major effects of noise are summarized in Table 3-1 below.

Hearing Loss [Health] Long term
Short term

Speech/Audio Interference [Health/Welfare] Public spaces
Private spaces

Sleep interference [Health] Public Spaces
Private Spaces

Physiological Effects [Health] Pain
Vertigo
Blood vessel constriction
Blood pressure increase
Heart rate increase
Increased hormone production (stress)
Startle reflexes

Distraction [Welfare] Reduced output
Increased errors
Recreational activity interference

Annoyance [Welfare] Cumulative effects
Complaints [Welfare] Cumulative effects

Table 3-1. Health and welfare effects of noise
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Reasons to Establish Health and Welfare Goals

Development of health and welfare goals is necessary to insure the initiation and
maintenance of a successful noise ordinance.

 The only feasible legal basis for a community’s right to control noise is based on
adverse health and welfare effects.

A sound legal basis makes it simpler to convince legislators that any effort to pass an
ordinance will be successful.

 It is easier to uphold the constitutionality of a noise ordinance in a court of law if it
can be shown that it is based on health and welfare concerns.

Disturbance of the peace is well established in law and numerical standards have also been
established, but disagreement about what they are, and what effect they have, still exists.

 Well defined goals make it simpler to reach agreement between advocates and
opponents of provisions for a noise ordinance.

Very few persons will disagree with the need to prevent hearing loss, to prevent speech
interference, or to prevent sleep interference. Disagreement comes in other forms. The primary
one is the cost to a manufacturer or a local business to comply. Since a noise ordinance is
listener-based, not source-based, gradual enforcement aimed at reaching health goals tends to
show that impacts may be considerably less than anticipated.

 Well established goals help to define the aims of an ordinance and thus the
enforcement methods.

There are numerous sources of noise in a community. If the ordinance is based on health
goals, it helps to define those sources that need regulation. Once the types of sources are
defined, enforcement methods can be more easily established.

 Well established goals permit the effectiveness of an ordinance to be evaluated or to
suggest changes to an existing ordinance.

Once an ordinance is activated, the citizenry expect improvement in their acoustical
environment. Many times an ordinance is passed to silence vocal citizens, with no intention of
enforcement. Once that is discovered, community leaders have to respond or lose any re-election
bid. An objective evaluation of an ordinance determines whether the health and welfare goals of
the ordinance either has been achieved or is moving in the right direction.
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Hearing Loss

Concern about hearing loss can be divided into two time scales and three areas. The time
scale concerns short and long term loss. The areas are occupational, private, and public.
Although hearing loss is not a large issue in community noise ordinances, this discussion is best
utilized to allay citizen fears about short term hearing loss caused by normal community noise
sources.

Professionals put hearing loss into two categories: permanent threshold shift (PTS) and
temporary threshold shift (TTS). “Shift” is a euphemism for “loss”. The shifts of hearing in
both categories can be rapid or gradual. Generally a number of TTS events lead to a PTS event.
There is another term, noise induced permanent hearing threshold shift (NIPTS) used mainly for
occupational hearing loss.

Short Term Permanent Hearing Loss

This can occur when a person is exposed to exceedingly high levels for a short time (140
dB or more). The ear drum (tympanic membrane) can be ruptured, and organs, such as the eye
and internal organs, can be set into resonance causing disorientation and pain. In a community
setting, the most likely situation where this might occur is blasting or weapons discharge. Losses
of this type are not serious candidates for control by a noise ordinance. Municipal departments
should have a policy of requiring hearing protection at licensed blasting sites and gunnery
ranges.

Long Term Permanent Hearing Loss

This is a more common occurrence but is not a major issue for a noise ordinance.
Continuous environmental levels are seldom sufficient to induce long term hearing loss, although
the cumulative effect of involuntary and voluntary exposure to temporary high levels can result
in such loss. It should be of concern to the various municipal departments in order to protect the
hearing of those employees who are exposed to high levels of sound. Citizens who voluntarily
expose themselves to high levels of sound are of concern to a community but a noise ordinance
can only be enforced in private facilities open to the public or in public spaces.

Persons with hearing aids to partially overcome a permanent loss can have some impact
on noise ordinance enforcement. Hearing aids preferentially amplify those frequencies most
important for speech intelligibility (1000 to 4000 Hz). Sources that create pure tones in this
range will elicit justifiable complaints from these persons when others are not bothered.

Occupational Hearing Loss

The Occupational Safety and Health Administration (OSHA) has a standard for the
protection of employees in workplaces under the Occupational Safety and Health Act. The
effect of hearing loss is progressive loss of communication, socialization, and responsiveness to
the environment. In early stages, the loss is at higher frequencies and affects the ability to
understand or discriminate speech. The effects of noise can be simplified into three general
categories:
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Primary Effects, which includes noise-induced temporary threshold shift, noise-induced
permanent threshold shift, acoustic trauma, and tinnitus.
Effects on Communication and Performance, which may include isolation, annoyance,
difficulty concentrating, absenteeism, and accidents.
Other Effects, which may include stress, muscle tension, ulcers, increased blood
pressure, and hypertension.

A table of limits is provided in the code [29 CFR 1926.52(d)(1)], and is shown in Table
3-2. These are maximum allowable limits to the average sound level.

Permissible Occupational Noise Exposure Levels

Duration, Hours per Day Sound Level, dB(A), Slow Response

8 90

6 92

4 95

3 97

2 100

1 ½ 102

1 105

½ 110

¼, or less 115

The primary concern of this law is to prevent long term hearing loss. Long term is
generally defined as exposure for eight hours per day over a forty year period. Although the law
permits levels of 90 dB(A) for the eight hour workday, whenever the average level is 85 dB(A)
or more, an employer must commence a hearing conservation program including audiometric
testing and noise monitoring. Such programs imply considerable resources in funds, manpower,
equipment, and technology.

Hearing loss can result in “ringing” in the ears (tinnitus). Some individuals with this
condition may blame community noise sources for their problem and demand enforcement.

Non-Occupational Noise Exposure

The limits in the OSHA law presume that exposure during non-working hours is much
lower. Both the Dept. of Health
and Human Services and the
Environmental Protection Agency
have developed recommended
maximum exposure sound levels
for non-working hours. They are
shown in Table 3-3. The
numbers in the table might be
taken to imply that a community
should attempt to reduce citizen
noise induced hearing loss
through a noise ordinance. These
levels are not for general use in a

Non-Occupational Noise Exposure

Duration per Day Sound Level, dB(A), Slow Response

16-24 hours 70

8 hours 75

4 hours 80

2 hours 85

1 hours 90

30 minutes 95

15 minutes 100

4 minutes 110

Less than 2 minutes 115

Table 3-2. Maximum alowable noise exposure in the workplace.

Table 3-3. Recommended maximum non-occupational
sound levels
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noise ordinance. Most noise ordinances have limits in the 50 to 65 dB(A) range for residential
areas (See Appendix A). The criterion for ordinances is not hearing loss, but annoyance and
complaints which occur at lower levels. Provisions 7.9 and 7.21 of Chapter 6 address music
events where attendees voluntarily expose themselves to excessive sound. These exposures can
be regulated by a noise ordinance.

Hearing Loss Caused in Public Spaces

There are situations where long term permanent hearing loss can occur, particularly in the
operation of machinery by both public and private persons. Operators of construction equipment
can incur losses over the long term (covered by OSHA). Operators of emergency equipment
(police, fire, ambulance) can sustain hearing loss due to their use of sirens. It is not likely that
hearing loss will occur in the surrounding community due to these events. Operation of sound
systems in public places, both outdoors and indoors, can result in a temporary shift in hearing if
levels are permitted to be very loud. Provision 7.2 of Chapter 6 addresses this situation.
Exposure time is generally sufficiently short that both short and long term effects are difficult to
measure. Community concern should be directed toward preserving the hearing of young school
children who may be exposed to excessive sound levels in the course of a school day. No
evidence has been found of a noise ordinance that addresses the internal sound levels in a school.
Many communities define the exterior of schools as “quiet zones”, however.

Hearing Loss Caused in Private Spaces

There are no community ordinances to protect the hearing of individuals in private
spaces. Typical concerns are loud music by young persons. An enlightened community can
express concern about the danger by an educational program to acquaint people about the long
term impact of excessive sound levels, but the issue is not an item to incorporate into a noise
ordinance, nor has an ordinance been found to have such a provision. The primary method of
handling this situation is through regulating the sound impact on involuntary listeners.

Speech and Audio Interference

Interference with speech due to high noise levels can have several important effects. The
Federal Highway Administration uses speech interference as the basis for their Noise Abatement
Criteria (See Appendix C.11.4). In situations where communication is critical (in traffic, during
construction, responding to emergency alarms) loss of intelligibility can result in injury. In less
critical situations, it can result in mistakes or inability to hold a continuous conversation which in
turn results in annoyance and complaints. Reducing speech interference is an important health
and welfare goal for a noise ordinance. The typical response for a talker in such an environment
is to raise his or her voice (the cocktail party effect). Unfortunately, this does not always insure
accurate communication and is acceptable for only a limited time. Audio interference (inability
to hear needed signals, such as alarms or other warnings) due to high sound levels also can have
important negative effects.

Studies of speech intelligibility were instituted over 60 years ago and those studies have
shown that both the overall level and the frequency distribution of the sound at the listener are
very important. People understand best in the frequency range from 1000 to 4000 Hz. That is
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why hearing aids preferentially amplify those frequencies. Objective metrics of intelligibility
exist so that speech interference can be measured or predicted (Articulation Index, Speech
Intelligibility Index).

Unfortunately, they are based on some important restrictions:
 The speaker speaks English, knows the language well, and speaks clearly.
 The listener understands English, is familiar with the language, and has normal hearing.
 The frequency distribution (spectrum) of the speech at the listener is known.
 The frequency distribution (spectrum) of the ambient is known.

These metrics are used routinely
in evaluating speech privacy in
offices where most of the above
factors are known. This is not the
case in a community where these
factors are not known. Instead the
Speech Interference Level (SIL) has
been used. It is the arithmetic
average of the sound level in the
500, 1000, 2000 Hz octave bands.
Figure 3-1 shows the approximate
relationship between the needed
voice effort and the distance from
talker to listener. The chart cannot
be used to establish limits on the
ambient sound to which people are
exposed because the SIL is very
limited in frequency and applies
only to speech interference. One
aspect seldom taken into account is the fact that persons with a hearing loss have aids that
selectively amplify the same frequencies that are accounted for in SIL. The effective SIL for
them is higher.

This chart is valuable for use with the “plainly audible” terms in the various provisions.
Appendix C.6 discusses in more detail how speech interference can be handled.

Speech Interference in Public Places

Emergency or police vehicle sirens certainly are loud enough to seriously inhibit speech
communication. However, they are transient and are generally accepted by the citizenry when
the vehicle is moving. They are not necessary when the vehicle is stationary, only flashing lights
are needed.

Public events, particularly those that use amplified speech or music, can interfere with
speech for those attending the event and for those in the neighborhood. Event attendees seldom
are concerned about speech interference while those in the neighborhood are often concerned.
Persons in hospitals, nursing homes, and retirement villages are particularly sensitive to speech

Figure 3-1. Speech Interference.

Figure 3-1. Speech interference.
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interference. Many of the individuals already have a hearing loss. Speech interference in
educational facilities can retard the learning process of children.

Speech Interference in Private Places

Speech interference within residential units is often the major source of noise complaints
to be handled by the community. Since ambient sound level is normally low in residential zones,
sirens, noisy neighbors or equipment will cause that interference both outdoors within the
property and indoors. Both are problems that can and should be handled by a noise ordinance. A
number of the provisions in Chapter 6 address these problems. For example, provision 7.20
addresses the indoor situation. An indirect benefit to reduce speech interference is noise control
of the sources. Provision 7.17 addresses local stationary sources such as air conditioners. Article
X addresses the sound output of motor vehicles. There are cases where siren use is excessive
and unnecessary; siren use should be carefully controlled (See provision 10.7 of Chapter 6).

Audio Interference in Public Places

In this category is interference caused by signaling and emergency alarms both in and out
of buildings. Persons with serious visual handicaps use sound as a means of navigation and high
noise levels can seriously interfere with their safety. For example, they use the audio signal at
street crossings as confirmation that it is permissible to cross. Unfortunately, the Americans
with Disabilities Act (42 U.S.C. Sec. 12101 ET seq) does not include specific reference to this
situation.

Sleep Interference

Noise can prevent the rest necessary for proper mental wellbeing and recuperation in
three ways: sleep prevention, arousal from sleep, and alteration of sleep patterns. Sensitivity to
noise varies between individuals, and women, particularly mothers, are considerably more
sensitive than the population at large. Young children start life sleeping most of the time and
appear to be insensitive to noise. Young and middle-aged adults need from 7 to 7.5 hours of
sleep per day. Elderly persons, particularly women, have difficulty sleeping even without sleep
interference. Insufficient sleep has a strong influence on the health and welfare of the individual.

Community noise events of sufficient level can prevent, or strongly retard, going to sleep.
In suburban areas, a large noise contributor is a neighbor’s barking dog. A number of events can
occur in sleep that can change the pattern without complete arousal. The sleeper may not be
aware of the adverse influence of this change.

Stages of Sleep

Waking
The waking stage is referred to as relaxed wakefulness, because this is the stage in which

the body prepares for sleep. All people fall asleep with tense muscles, their eyes moving
erratically. As a person becomes sleepier, the body begins to slow down, muscles begin to relax,
and eye movement slows to a roll.
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Stage 1
Stage 1 (drowsiness) is the first in the sequence. There is a large reduction in bodily

activity from wakefulness to Stage 1. Eyes are closed, but if aroused, a person may feel as if he
or she has not slept. This stage may last for five to 10 minutes.

Stage 2
Stage 2 (light sleep) shows intermittent peaks and valleys of brain activity. These waves

indicate spontaneous periods of muscle tone mixed with periods of relaxation. Muscle tone of
this kind can be seen in other stages of sleep as a reaction to auditory stimuli. The heart rate
slows, and body temperature decreases. At this point, the body prepares to enter deep sleep.

Stages 3 and 4
These are deep sleep stages, with Stage 4 being more intense than Stage 3. These stages

are known as slow-wave, or delta, sleep. During slow-wave sleep, especially during Stage 4,
records show a pattern of deep sleep.

Non-REM
An example of a sleep pattern for a normal adult is shown in Figure 3-2. The person first

passes into deep sleep and then has a succession of REM (Rapid Eye Movement) sleep periods.
The depth of sleep diminishes as the sleep period progresses. Stage 1 sleep is when exterior
noise sources can result in waking.

Sleep is a behavioral state that is
a natural part of every individual’s life.
We spend about one-third of our lives
asleep. Nonetheless, people generally
know little about the importance of this
essential activity. Sleep is not just
something to fill time when a person is
inactive. Sleep is a required activity,
not an option. Even though the precise
functions of sleep are unknown, it is
known to be important for normal
motor and cognitive functions.
Changes that occur during sleep are
readily recognized on awakening. Actually, sleep appears to be a survival requirement, so
protecting the health and welfare of the citizenry with an appropriate noise ordinance is
important. Table 3-4 shows some details of what happens during sleep.

With a “good” sleep, a person feels rested and more alert. Loss of sleep is associated
with difficulty concentrating, memory lapses, loss of energy, fatigue, lethargy, and emotional
instability. Loss of sleep results in drowsiness, unsafe driving, errors and workplace accidents.
There are more than 70 known sleep disorders, the most common are obstructive sleep apnea,
insomnia, narcolepsy, restless legs syndrome, and parasomnias (sleepwalking, sleep talking,
and bed-wetting). Suffering from these disorders, individuals and particularly older citizens
spend more time in Stage 1 than is suggested by Figure 3-2. About 30 to 40 percent of adults
indicate some degree of sleep loss within any given year, and about 10 to 15 percent indicate that
their sleep loss is chronic or severe. In addition, millions of Americans experience problems

Figure 3-2. Sleep patterns.
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sleeping because of undiagnosed sleep disorders or sleep deprivation. Adolescents and shift
workers are at very high risk of problem sleepiness due to sleep deprivation and the
desynchronized timing of sleep and wakefulness, respectively.

From an ordinance enforcement viewpoint, it has been shown that levels as low as 40
dB(A) will awaken 5% and at 70 dB(A) about 30%. Intruding transient informational sounds,
such as speech or music, can cause awakening or disturb the stage of sleep.

Common Recommendations to Reduce Sleep Interference

Self-help documents always contain a list of things to do to alleviate noise that interferes
with sleep. Several of these are listed below.

 Close the window.
 Turn on music.
 Think of something else; distract yourself.
 Count down until sleepy.
 Add more pillows.
 Change rooms.
 Wear earplugs.
 Add sound masking.
 Ask the person making the noise to be quiet.

It is not clear how effective most of these recommendations are, and they may be applicable
only to specific noise sources. These recommendations themselves may result in stress and
annoyance which is not beneficial to the listener’s health and welfare. (Why should I have to
close the window and add earplugs for my noisy neighbor?) The addition of sound masking is
the most effective passive response; these devices are commonly available and have been used in

Physiological
Process

Non-REM REM

Brain activity decreases from wakefulness increases in motor and sensory areas, while
other areas are similar to NREM

Heart rate slows from wakefulness increases and varies compared with Non-
REM

Blood pressure decreases from wakefulness increases (up to 30 percent) and varies from
Non-REM

Blood flow to
brain

does not change from wakefulness in most regions increases by 50 to 200 percent from NREM,
depending on brain region

Respiration decreases from wakefulness increases and varies from NREM, but may
show brief stoppages (apnea); coughing
suppressed

Airway
resistance

increases from wakefulness increases and varies from wakefulness

Body
temperature

is regulated at a lower set point than wakefulness;
shivering initiated at a lower temperature than
during wakefulness

is not regulated; no shivering or sweating;
temperature drifts toward that of the local
environment

Table 3-4. Examples of sleep activities
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commercial open offices for over 40 years. The last recommendation may make things worse if
the person is undisciplined; the sound could get louder until the police arrive.

The one recommendation never found is: Advocate an effective noise ordinance.

Sound Levels that can Change Sleep Stages

Much of the sleep interference information relating to sound levels is sufficiently
imprecise to leave questions in the non-expert. Table 3-5 shows an example provided in an EPA
document.

Note that even low sound levels can be a cause of change in sleep patterns, except when a
person is in deep sleep. The sound level to cause a change in sleep stage must be at least 5 dB
above the existing ambient so the existing ambient level and spectrum contour plays an
important role that is not included in the table. This is one reason why home sound masking
systems are used to create a raised steady ambient level. Since community night levels may
range from 45 to 55 dB(A) and older persons spend more time in Stage 1 sleep, it is not
surprising that sleep interference complaints come from them. Children are less sensitive to
sleep interference than adults. Women tend to be more sensitive to sounds than men. Ill persons
tend to be more sensitive than healthy persons.

The time history of sound is important. Impulsive sounds tend to create a more
significant change than slowly changing levels such as an automobile passby. Brief non-
impulsive sounds are less important than longer term intrusive sounds. The higher the
information content of the sound, the more likely is a stage change to occur. Mothers with small
children are hypersensitive to changes in sound level. Habituation occurs over time to repetitive
sounds that are non-threatening. Because of this large number of factors which can interfere
with sleep, the range of levels in the above table is not helpful in developing criteria for noise
ordinance provisions. The importance of the table lies in the fact that extremely low levels can
cause sleep interference; this can be used to counter those that wish to set land use levels (See
Appendix A) at high levels to accommodate noise makers.

Performance Interference

When sounds are louder, time-varying, and considered unnecessary by a listener,
distraction and annoyance occurs. The noise disturbance reduces the efficiency with which
personal, or business, tasks are performed. Sound masking is used to reduce the time-varying
effect in commercial facilities which reduces the distraction associated with fellow employee
conversations. Speech interference is a strong contributing element to performance reduction.

Initial Stage of Sleep Sound Level to cause a change in sleep
pattern.

REM 30 to 90 dB(A)
1 30 to 40 dB(A)
2 30 to 40 dB(A)
3 50 DB(A)
4 80 dB(A)

Table 3-5. Range of sound levels required to change a sleep pattern.
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Performance interference is often cited as a negative health or welfare concern. Unfortunately,
this interference is very difficult to quantify except through the annoyance it creates.

Physiological Effects

Persons exposed to noise are often concerned about effects beyond hearing loss. Among
them are physical pain, vertigo, blood vessel constriction, blood pressure increase, heart rate
increase, stress, interruption of feminine cycles, and startle reflexes. All of these factors can
have a detrimental influence on the health of citizens and need to be addressed. Most are rare
occurrences in most communities however. Physical pain requires sound levels near 140 dB not
encountered in a normal community. Vertigo and related symptoms can occur at levels over 120
dB, again an unusual event in a normal community. The lowest sound level found to create
physiological changes in a person is around 70 dB(A), where very slight changes in skin
resistance, heart rate and vasoconstriction occur. Since outdoor community noise levels
commonly exceed that level for a long time, there is a small but clearly negative influence on
persons exposed. It appears that most noise ordinances do not address this health effect
specifically. As with performance loss, the effect is made manifest by annoyance.

Psychological Effects

This section concerns the psychological response to noise. This aspect is most important
in the majority of community noise impacts. Other health effects noted above may be the cause,
but this effect is one experienced by city officials in the form of complaints.

Common Questions about Sound

When responding to noise intrusions, people implicitly ask themselves several
questions in order to evaluate their situation. The type of question and its answer goes a long
way toward understanding the response of citizens to their acoustical environment and how it
is best handled by officials..

Is the sound made by me or made on my behalf?
Noise is often described as the sound made by other people. Our own sounds are always

more acceptable. For example, a person who frequently mows his own lawn may complain about
the noise created by his neighbor’s mower but not that of his own. This, of course, is not
generally true since there are a number of products advertised as being quiet in response to
owner’s complaints. It is critical for citizens to be convinced that noise control efforts are made
on their behalf and that responsible citizens control their own sound making.\.

Is the sound "normal" for this environment?
When all encounters with a noise situation are the same, people grow to accept it,

provided the level and duration is such that it can be acceptable. High levels at football games
are considered normal while only low levels are normal at home. Most “normal” sounds around
a home are reasonably continuous and non-impulsive. Temporary changes of level are generally
not considered normal.
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Is the sound necessary and can anything he done to control it?
Even though a noise may not be normal, it may be accepted if the listener believes that

nothing should be done about it. For example, police or ambulance sirens are accepted because
they are believed necessary. However, response is negative when a person believes nothing will
be done to a noise that can be controlled. Neighbor’s barking dogs are one example. When a
person believes that nothing can be done to control a noise, there is a spectrum of responses from
reluctant acceptance (airports) to repetitive complaints. In every case, stress is a byproduct.

Does the sound have meaning?
Sound with high information content (speech, music) is more likely to be unacceptable

than sound that has no meaning (broadband noise). Loud parties, loud music, even bells and
chimes, are examples of sounds that create more negative response than a neighbor’s lawn
mower (at the same level).

Is the sound frightening?
Sounds that change abruptly startle listeners (impulsive sources), particularly if they are

at high levels and unexpected. The response is uniformly negative. When community activities
require impulsive sounds, such as blasting, informing the citizens is a very helpful way to create
acceptance. Indiscriminant use of vehicle horns is another example.

Will the sound have an adverse effect on my health?
Most persons are aware that regulations against high noise levels in the workplace exist.

There are numerous articles that discuss the health effects of noise. With the current emphasis
on health care, many have complaints about headaches, dizziness, nausea and even disruptions of
biological functions caused by noise. While the manifestations may be real, it is not clear that
eliminating the "noise" would solve the problem. A seminal work on the effect of noise on
people by K.D. Kryter had this to say:

"The general finding that the performance of the more anxious personality types
is more affected by noise than that of nonanxious types would attest to the
existence of a stimulus-contingency factor. In terms of learning or conditioning,
the task becomes disliked and is performed relatively poorly because it is related
to or contingent upon the aversive noise.”

What is the pitch of the sound?
Sound with a great deal of bass (low frequency) is normally associated with something

large and powerful. Sound with a great deal of treble (high frequency) is associated with small
or delicate objects. Generally, high pitched sounds are psychologically less acceptable than low
pitched ones at the same hearing level (Figure C.4 shows hearing sensitivity). The bark of a
small dog is but one example. Pure tones (whistling sounds) are always less acceptable than
other sounds. Sirens are examples.

Is the time of day appropriate?
Persons are most active during the day and are willing to accept more noise intrusions than

they would in the evening or night. After the work day, exterior activity levels tend to lower and
acceptance diminishes. Near time for bed, acceptance diminishes further and continues during
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the night hours. Noise ordinances must contain provisions that follow this diurnal sequence.

Distraction

A listener’s mind is attracted to time-varying sounds. The acoustical environment has
changed and there is an effort to understand its nature. The more meaningful the sound, the
more the distraction. The resultant distraction reduces performance at any task, and may
interrupt conversations or reading. If the sound is not acceptable, the response is negative.

Annoyance

Annoyance is always the cumulative result of all the items listed in the previous sections.
Irate citizens, annoyed by noise, are the most frequent impetus for the initiation of a noise
ordinance and the continual enforcement of it. Although the action for initiating a noise
ordinance is restricted to a very small
percentage of the population, most annoyed
individuals do not register complaints until
cumulative noise intrusions are no longer
acceptable.

Figure 3-3 shows the results of
surveys that indicate in a general way the
relationship between average noise levels
and citizen annoyance. The use of
“average” relates to the fact that the level is
an average of many sources with different
durations and sound spectra taken over a
large area and a long period. Charts like
this are useful at the federal level for
control of sound sources such as airports
but are not necessarily directly applicable
to a local community. Community noise
ordinances are directed at annoyance over
specific noise problems. The chart does
provide support for setting the maximum
sound levels permitted in land use zones.
For example, maxima in the low 50’s might
result in low levels of annoyance in
residential zones. See Appendix A for
examples of existing noise regulations.

A survey was taken in a smaller community to determine which sound sources created
annoyance. The results are shown in Table 3-6. Not surprisingly, motor vehicles were most
important, topped by motorcycles (probably unmuffled). In another community, sirens and
barking dogs were at the top of the list. If Figure 3-3 is used, it would indicate that levels around
50 dB(A) were the average for that community. This shows the danger of extrapolating from
annoyance about a specific noise source to generalized community levels.

Figure 3-3. The relationship of community
noise levels to citizen annoyance.
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Complaints

Complaints are the active stages of annoyance, which in turn are the results of health and
welfare impacts. Since most noise ordinances are complaint based, it is important to estimate the
relationship between annoyance and complaints; annoyance is a better indicator of the actual
impact. It is important for decision makers to be aware of this
difference. Surveys have shown the approximate relationship
between the percent of people annoyed and the percent of
people who complain to authorities. Table 3-7 clearly shows
that complaints are not the best indicator of adverse health and
welfare effects on the community.

A balloon was raised by the US EPA over the city of
Boulder, Colorado at a height of 500 feet. A microphone and
telemetry device was attached to the balloon in order to radio
the sound spectrum to a ground station. The city at that time
(1974) had a population of about 50,000 inhabitants. Listening
to the sound revealed three significant sources of community
noise. The most significant was the sirens of government vehicles (police, fire, and medical).
The second was barking dogs and the third was the sound from poorly, or unmuffled, vehicles,
primarily motorcycles. Only the latter two sounds resulted in complaints.

Several states and communities kept statistics on the types of complaints lodged with
authorities. A sample of one taken in the 1970’s is shown in Table 3-8 on the next page. The
state of Connecticut kept the best records, followed by Boulder, Colorado. It is clear that the
statistics for the other communities were less detailed. The results compare favorably with the
balloon data.

NOISE SOURCES RANKED BY PERCENT
OF URBAN POPULATION HIGHLY ANNOYED

Rank Source percent
1 Motorcycles 11.7
2 Large Trucks 6.9
3 Autos 6.5
4 Construction 5.8
5 Sports Cars 5.4
6 Helicopters 4.0
7 Constant Traffic 3.9
8 Airplanes 3.4
9 Small Trucks 2.8

Percent
Annoyed

Percent
Complaints

10 0
18 1
22 2
32 5
43 10
52 15
60 20

Table 3-6. Rank ordering of community noise sources.

Table 3-7. Complaints vs.
annoyance.
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Several results are significant:
 Noise is not only a problem in large communities, but also in small communities.
 Motor vehicle sound is a significant contribution to noise pollution, particularly,

unmuffled motorcycles. That appears not to have changed with time.
 Barking dogs was, and still is, a noise problem in both urban and suburban communities.
 The noise problem 40 years ago was significant. Although many vehicle sound sources

now have improved muffling, increase in the number of sources has more than offset it.
 Official sirens were a source of complaint in Florida, but did not appear in other statistics.

It is likely that annoyance occurred elsewhere, but the assumed need for them outweighed
the need to respond to complaints.

Summary

Although improved health and welfare of the citizens is the reason for a noise ordinance,
it takes some analysis to uncover those effects. Complaints are the data with which a community
has to work (excepting active monitoring). When developing or modifying a noise ordinance, it
is vital that a solid relationship between health and welfare effects and how much regulation is to
be required. The relationship can be through interviews, questionnaires, or complaint analyses.
The importance of this was discussed in Phase II of Chapter 2.

Noise Source Lakewood,
CO

Boulder,
CO

London,
Ont.

Washington
State

Connecticut Florida Total

Motor Vehicles 18 52 70
Motorcycles 268 55 20 346 689
Automobiles 235 50 14 299

Trucks 226 43 12 237 518
Buses 163 4 167

Motorboats 72 3 75
Snowmobiles 2 133 135

Highways 171 171
Races 2 63 65

Vehicle Sirens 6 56 170 232
Aircraft 7 65 115 187

Helicopters 3 77 80
Railroads 65 20 3 2 90

Dogs 75 195 36 12 294 612
Music 156 156

Loud Parties 117 117
TV, Stereos 24 103 158 285
Home Tools 5 55 6 66

Table 3-8. Some complaint statistics.




