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- 1. INTRODUCTION

How much neise is there in America? Previous EPA documents
(such as the Title IV report [1]*, 1its several backup techni-
cal documents [2,3,4], and the "Levels Document” [5]) have
addressed thls question in varying degrees. In this report
existing information has been used, other information has been
updated, and the range of nolse producers has been broadened,
in an attempt to define the extent of the nocise problem in
America even more comprehensively.

By virtue of the Noise Control Act of 1972 [6], the EPA was
given a leadership role in assessing and controlling the nolse
in this c¢ountry. Under this authority, EPA has published a
national strategy of nolse control [7], which includes goals
for a national program of noilse gontrol and various elements
of such & program. The general goal of the national noise
control effort, taken directly from the Nolse Control Act, 1is
"to promote an environment for all Americans free from nolse
that Jecpaprdizes their health or welfare." Among the elements
of this national program are the control of major nolse
sources (through Federal regulations, State and local control,
labeling, and enforcement activities), study of health and
welfare effects, and dissemination of information to the
public on noise levels and their effects.

A definition of the present estent of the noise problem in
America, in total as well as for indlvidual nolse producers,
is eruclal in designing a program to control nolse sources in
terms of establishing both relative priorities and the amount
of noise control necessary. The purpese of this report, then,

#Referesnces are listed on Page 17.
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i1s to provide information in support of these nolse control
activities. Specifically, thls report attempts to define the
number of Americans exposed to different levels of noilse, and
the sources of noise to which they are exposed.

2. CATEGORIES OF NOISE PRODUCERS

Nolse 1is a ublquitous by«product of our modern mechanized
soclety. Since it 1is difficult to find a device that does not
produce noise, the numbepr of nolse producers in this country
13 gigantlc. To quantify the extent of the noise problem, the
nolse producers are divided in this report into 1l categories,
based primarily on the situations in which the nolse producers
occur. Within a given category, therefore,. various devices
generally have similar noilse~generating properties and opera-
tional characteristics. .-

Table 1 lists the noise categories on which this report con-
centrates (one in each Appendix).

Where does nolse affect people? As shown in Table 1, the
categorles of nolse producers described in this report include
four primary scenarics of exposure in:

» The community

« Builldings

+» The workplace

« ~ Transportation/recreational devices.




TABLE 1. NOISE SOURCE CATEGORIES INCLUDED IN THIS REPORT.

See
Category Appendix

Traffic Noise Exposure in the Community C
"Alrcraft Nolse Exposure in the Community b
Construction Nolse Exposure in the Community E
Rail Noise Exposure in the Communicy X F
Industrial Nelse Exposure in the Commupity G
Agricultupral Nolse Exposure 1in the Community H
Building Mechanical Equipment Noise Exposure I

7 in the Community and in Bulldings

ﬁ Home Appliances, Power Shep Tools, and Garden J

& Equipment Noise Expoaure in the Community and

@ in Buildings, and Exposure of Oparatons

e Occupational Nolse Exposure K

5

P Transportation Noise Exposure of Operators L

% and Passengers

i
Recreational Noise Exposure of Operators : M

o 1Ty
oL

and Passengers
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3. EVALUATING NOISE EXPQSURE AND NOISE IMPACT

The extent of the noise produced by a particular device or
source has many dimensions: the lntensity, or loudness, of
the ncise at a particular point, as described by 1ts "nolse
level"; the time characteristics of the noise 1n terms of 1lts
duration, the time of day it occurs, and whether it is a con-
tinuous or intermittent sound; the spread of the nolse over a
geographlie area; and the number of people exposed to the par-
ticular noise. These aspects considered together constitute
the noise exposure. As shown in Fig. 1, the nolse exposure
nationwide for a particular noise source, that 1s, a noise
producer, 1s based upon: .

« The emission levels and operatlng characterlstles
of the source

. The characteristics of the transmission path between
the source and the people who heapr the source nolse

+ The distribution of people relative to the source.

For the purpose of defining nolse expasure in indoor and oute-
door environments at speciflec locations, the EPA has adopted
the yearly day-night sound level, Lg, [5]. Appendix A
describes thils measure of nolse exposure {and others) in de-
tail. (A glossary of noise descripteors and other acoustie
terms is provided in Appendix B.)

To describe the nolse exposurs of individuals to levels of
noise that might result in hearing loss, the EPA has adopted
the 2i-hour equivalent sound level, Legq(24){5]. This

measure ls the equivalent sound level (see Appendix A for a

e
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description) averaged over a full 24~hour day. [When the
nolse exposure from scurces other than workplace nolse sources
throughout the day 1s low enough to result in a negligible
contribution to the 24-hour average, the Lgq(24) 1s simply

5 dB higher in level than the B-hour workplace equivalent
sound level, Leq(a).]

The pervasiveness of the nolse exposure from & particular
noise source 1s described in terms of the number of people
exposed to varicus levels of Ly or Leq(zh), depending

upon the exposure scenarlo. The intensity and time character-
istics of the nolse and the effects of the transmission path
characteristics are incorporated in the noise measure [elther
Lan or Leq(24)]; the geographic distribution of the

noise source and the people 1t affects are reflected ln the
numbers of people exposed to the various levels, Thus, the
distribution of people as a function of the nolse level pro-
vidds a very complete description of the extent of nolse pro-
blems in America.

However, this description of the nolse exposure says nothing
about the effects of the nolse on the people expeosed. In
order to evaluate such effects to determine i1f the nolse expo~-
sure is creating an impact on a certain segment of the popula-
tlion, the nolse exposure must be compared with criterla that
have heen developed for the various effects, following the
steps shown in Fig. 1.

In the Levels Document [5], EPA has identified an Lg,

value of 55 dB outdoors as the level below which the public
health and welfare would be protected with an adequate margin
of safety in residential areas. Similarly, an Lgp value

of 45 dB indoors 1s the level identifiled for an acceptable

Py o
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living space. 1In order to protect agalnst hearing less, an
Leq(24) of 70 dB is the level identified (corresponding to

an Leq(8) of 75 dB, when the 8-hour noise exposure

dominates the 24-~hour exposure). When these identified levels
are exceeded, a nolse "impact" 1is assumed to occur.

In summary, the extent of nolse in Amerlca 1s described in
thls report as the number of people natlonwide exposed teo
various noise levels for individual categories of noise
sources, Therefore, evaluating the noise impact with regard
to individual noise effects or for different nolse scenarlos
involves assessment of the number of people at each level of
exposure above an approprilate criterion level.

4. DEVELOPMENT OF ESTIMATES OF THE EXTENT OF NOISE EXFPOSURE

As deseribed earlier, aleven categorles of nolse sources have
been defined for the purpoée of estimating the nationwide ex-
tent of noise exposure. Table 1 lists these categorles and
the appendices that are devoted to these sources. Each
appendix includes, where appropriate, a description of the
nolse model used to develop the exposure estimates, data on
source nolse emissions and operating characteristics, trans-
mission path characteristics, populatien distribution Informa-
tion, and the resultling exposure estimates.

Certaln nolse source categorles have been omltted or are in-
complete. They include the nolse of commercial establish-
ments, such as automobile repalr shops, and the occupational
nolse exposure of some industries for which data are lacking.
Similarly, the noise of people and animals has not been in-
cluded (although on the local level, these are often the most
common causes of noise complaints).

e
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The nolse producers covered in this report are mechanical de-
vices. Throughout America, however, an "amblent" or background
sound level caused by natural phenomenaz (rain, wind, insects,
ete.) also oceurs. Most ambient nolse levels range from 35-55
dB [3] as reported in surveys. Very little data exist which
¢an produce estimates of any sclensific significance. Ambient
nolse is believed to have a minimal impact on the population.

The nolse exposure estimates contained in this report are based
on the latest information available at present (1980), although
for a number of sources the nonacoustic data used to make the
estimates (number of items in use natlonwide, number of people
1iving in different areas of the country, etc.) are derived
from data from earlier years (typically 1975 and beyend).

i 5. SUMMARY OF NOISE EXPOSURE ESTIMATES

E Adppendices C through M provide estimates of the natlonwlde
neise exposure [in terms of the distribution of population ex-
posed to varlous levels of Lgp or Leg{24)1. The esti-

mates for each nolse category were developed on the basis of
analytical models that take into account characteristies of
both the nolse source and the communities exposed. Models of
varying complexity are used to represent real life in such a
way that the estimates can be obtalned in quantitative terms.

As Fig. 1 shows, each of the models uses the emilssion levels
and operating characteristics of the nolse sources in each
particular nolse category, transmission path characterlstics,
and population distribution information.

l
|
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To make the noise exposure estimates, exlsting nolse sources
and community data have been used. Generally, the nolise sourcge
levels are based upon levels reported in the literature. In a
few cases, however, little data are available for a particular
source. Data on operating characteristics and population dis-
tributions relative to numbers of scurces have been harder to
find, and in these cases, assumptions have been made to produce
the estimates. Wherever possible, the sources of the data are
documented; assumptions used 1n the analyses are labeled as
such.

As a summary, Table 2 shows the estimated distpibution of the
U.S. population as a functien of Lgn value for the major
noise categories examined. The Lyy values refer to commu-
nity {(residential) outdoor nolse exposure (note that the con=~
struction estimates include nonresidential outdoor e&xposure).
Similarly, Table 3 summarizes noise exposure estlmates for
major indecor noise sources. Finally, Table 4 summarizes the
ocecupational and nonoccupational nelse exposure with regard to
risk of nolse-induced hearing loss.

Concerning the information presented in these tables, 1t should
be emphasized that the underlying data are of varylng quality.
For the traffle, ailperaft, rallway, and construction neolse
source categories, the estimates are based on extensive re-
search and measurement studies. For many of the remaining
categorlies, the estimates are based on limited data and/or
simplistic models.

6. EAPOSURE T0 MULTIPLE SOURCES

As is often typlcal, a worker incurring & given nolse exposure
from his workplace may also experience additional high noise
exposure as he commutes to work or Joins in recreational activ-

lties. Unfortunately, there are no data available relating

-
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TADLE 2. SUMMARY OF U.S. POPULATTON EXPOSED 'TO VARIOUS LEVELS OF Lgn* OR HIGHFR FROM
NOISE SOURCES IN ‘MHE COMMUNITY.t

Humber {in Millions) of People for Each Noise Category¥#

Ln

(an) Traft'ic Mreraft Constructiontt Ruil Industrial
>Bo 0.1 0.1 — —_— —

>75 1.1 0.3 0.1 — —

>70 517 1.3 0.6 0.8 —

>65 19.3 4.7 2.1 2.5 0.3

>60 h6.6 11.5 .7 3.5 1.9

>55 56.8 24,3 27.5 6.0 6.9

]

* 4 levels are yearly averages, outdoors,
Tt Note that there Is some overlay among populations exposed to different nolse sources,
i.e., sone of the 96,8 million people exposéd to trafTie Ly, levela of 55 dB and

above are also exposed to alreraft levels (see Sec. 6 for estlmates of this overlap).
k% See the following appendlces for references to lndividual noise categories:
Noise Category Appendix

Traffic b
Alrcralt D
Construction E
Rail P
Industrial a

tiConstruction estimates include both resldential and nonresidential exposure.

i s b s a2



TABLE 3. SUMMARY OF U.S. POPULATION EXPOSED TO Lgp
LEVELS® QF 45 4B OR HIGHER FROM NOISE SOURCES

INDOORS.

Nolse Source

Number (in Millions) of
People Exposed to Lgp
Levels at or
above 45 dBt

Clothes Dpyer
Clothes Washer
Dehumidifier
Dishwasher
Refrigerator

Room Alr Conditioner
Pan

Humidifier

42.3
52.6
39.4
35.0
68.6
74.9
118.3
46.0

tFroem Appendix J.

*Lgn levels are yearly averages, indoors.

]l
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TABLE 4. SUMMARY OF U.S. POPULATION EXPOSED TO Leq(2H)
LEVELS# OF 70 dB AND 80 dB OR HIGHER FROM OCCUPATIONAL
AND NONQCCUPATIONAL NOISE SOURGES.

Number {in millions) of People
Exposed to Leg(24) Levels at
or above 70 and BO dB

Noise Exposure Scenario 70 dB B0 dB

Occupationalt {Appendix K)
Agriculture NA®® 0
Mining NA 0
: Construction NA 0
' Manufacturing/Utilicy NA 5
Transportation HA 1
Military (DQD) NA 1
Total Oeccupational NA B

« 4 ® s a4 a
O U

Noncecupaticnal
Transportation Operators/
Passengers (Appendix L)
Alpepalt . 0
Motorcycles 5
¢ Buses 10
! Rapid Transit 2
i Recreational Operators/
: Passengers {Appendix M)
Snowmoblles 1
: Motorcycles (off-road) 2
1 Motorboats 2
i Auto Racing 0
Consumer Products (Appendix J)
Power Shop Tools 30
Outdoor Pewer Equlipment 1l .
Total Nonoccupatlonal Go.41Y T6.2tt

] Leq(au) levels are yearly averages.

T Occupational exposure estimates fop Leq(zu) levels of
70 d8 are unavallable.

*2NA denotes not avallable.
t1tThis total may include some people counted twice because of
overlap. A total of occupaticonal and nonoccupatlional ex-

posure is not included because of the probability of
addislonal overlap between the two populations.

-12-
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numbers of lndustrial workers to the use of transportation or
recreational devices. One could, however, for different hypo~

thetlical exposure profiles, determine the total exposure of a
person.

With regard to outdoor community exposure, the situation is
somewhat different. Most people are generally subJected to the
noise of more than one of the nolse categories. In order to
account for this multiple exposure, 1t 1s helpful to note the
manner in which traffic nolse, the most dominant nolse source,
is distributed throughout the entlre population of approximate=-
ly 200 million pecple.* It 1s not unreasonable to assume that
the exposure of another noise soupce, like aipgraft, might be
dlstributed acress this pepulation in a manner similar to that
of traffic nolse. Similarly, constructiont, rall, and indus-
trial noise exposure could independently be distributed
throughout this population, In a-manner corresponding to the
traffic distribution. This traffic nolse exposurs distribution
is as follows (from Table 2):

Numyer of People Percentage of
Ldp Range (dB) {Millions) Total Population
>80 0.1 0.05
75~80 1.0 0.5
70=75 4,6 2.3
65~70 13,6 6.8
60-65 27-3 13.7
55«60 50.2 25.1
<55 103.2 51.5

#This population figure represents the approximate 1980 urban
and rural population, excluding the rural farm population.

tOnly residential construction nolse exposure can be distrib-
uted in this manner.

=13
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That 1s, 25.1% of the 200 mililon (non-farm) papulation in the
United States are exposed to traffic noise levels in the range
of 55 to 60 dB, 13.7% are exposed to traffic nolse levels in
the range of 60 to 65 dB, etc.

Accordingly, the 12.8 million people exposed to aircraft levels
of 55 to 60 dB could be similarly distributed so that 25.1%
{3.2 million) are also exposed to traffic levels of S5 to 60
dB, and 13.7% (1.8 million) are also exposed to traffic levels
of 60 to 65 4B, etc. For these people, the combined exposure
#ill result in a higher total level than either the aiprcraft or
traffic exposure alone had indicated. In this way, the distri-
bution of people exposed to alrceraft and traffic nolise, cone-
struction and traffic hoise, rall and traffie nelse, and indus-~
trial and traffic nolse can be determined.

The distribution of pecple who are exposed to traffie hut not
aircraft, construction, rail, and industrial noisgse can then
also be determined. For example, there are 43.2 milllon pecople
with residential exposure greater than 55 dB due to aireraft
(24.3 million), construction (6.0 million, see Appendix E),
rail (6.0 million) and industrial (6.9 million) noise sources.
Of these, 13.7% or 5.9 million will also be exposed to traffic
noise levels of 60 to 65 dB, Since there is a total population
of 27.3 million exposed to traffic nolse levels of 60 to 65 dB,
2l.4 million will be exposed te traffic alone in this range.
Then the tpraffic alone, traffic plus aireraft, traffic plus
construction, traffic plus rail, and trafflc plus industrial
distributions can be combined together. The individual and
combined distributions are shown in Table 3.

It 1s likely that there are some locations {(and therefore, some
people} exposed to the nolse of more than two sources (e.g.,

alla
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TABLE 5. U.S. POPULATION EXPQSED 10 VARIOUS LEVELS OF Lyn* CR HIGHER
FOR COMBINED EXPOSURES TO THAFPIC AND OTHER NOISE SOURCES IN HE COMMUNITY.

Number (in Millions) of People

TraCfic Traffic Tralflc Tral’flc
Tral'fle and and and arxl :
Lnt(di3) Only Alperaf’t Constructlonf# Rail Industrial Total
>H0 0.1 0.1 0.2
>75 0.9 0.5 0.1 1.5
270 h.5 2.2 0.2 1.0 0.2 8.1
) >85 15.2 T.6 0.8 3.0 1.2 27.8
& 560 364 16,1 a8 4l 3.7 63.6
>58 49,2 24.3 6.0 6.0 6.9 92,4

%4, levels are yearly averages, outdoors..

tThe dlateibution starts at 58 dB since the analysis Involves combining dlstributions

of population at 55 dB and above.

#¥Includes only resldential exposure to constructlon nolsa.




traffie, aircraft and rail}. However, the distribution of pec-
ple exposed to two non-traffic sources, as well as to trafflic
noise, is unknown and difficult to estimate. Since the total
number of people exposed individually to construction, rall and
industrial noise above an Lgp value of 55 dB 1s small (less
than 7 million each), it 1ls reasonable to expect that the popu=-
lation distribution for various Lgn values for multiple

sources would be quite small as well. Thus, to a first approx-
imation, the "total" distribution shown in Table 5 represents
the distribution of the U.S. population as a funetion of

Lan level for combined esposure to all cutdoor nolse
sources.
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APPENDIX A. DESCRIPTION AND MEASUREMENT OF SOUND

The nature of sound is often debated with the following ques-
tion: 1f a tree falls in the forest, and no one 1s near to
hear it fall, is there a sound? In other words, does sound
deal with a cause (a vibrating object such as the falling tree)
or with an effect (the sensory experlence of hearing)? The
answer is that sound 1s both these things., It 1s both a physi-
cael event and a physlologlcal sensatlon.

The sensation of sound is a result of oscillations in pressure,
particle displacement, and particle veloecity, in an elastle
medium between the sound souree and the ear. Sound 1s caused
when an object 1s set into vibration by a force. Thls vibra-
tion causes molecular movement of the medium Iin which the
object is sltuated, thereby propagating a sound wave. Sound is
heard when a sound wave lmpinges on the human ear and 1s recog-
nized by the brain. PFurther, the characteristiecs of the sound
wave must fall within the limitations of the human ear for the
sound to be heard because the human ear cannot hear all sounds,
Sound frequencies (pressure variation rates) can be too high
(ultrasonie) or too low (infrasonic), or the socund amplitudes
may be too soft to be heard by humans.

A.l Sound Propagation

Sound is transmitted from the sound source to the air by the

movement of molecules in the medium. This molecular movement
1s called a sound wave.
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In air, sound waves are described in terms of propagated
changes in pressure that alternate above and below atmespheric
pressure, These pressure changes are produced when a vibrating
sound source actually "bumps" inte the adjacent alr molecules
forcing them to move. These molecules, in turn, bump 1into
others farther away from the source, and so on. Thus, the
energy from the sound source 1s imparted to the air molecules
and thereby is transmitted through the medium. An analagous
situatlon occurs when dropping & pebble into a still pond.
When the pebble hits the water, waves on the surface emanate
from the point of impact in all directions, moving outward in
concentric apheres, while individual water molecules merely
ogclllate up and down in one place.

There are two phases to a sound wave: compression and rarefac-
tion. The compression phase ccecurs when the air molecules are
forced close together (causing an instantaneous increase in alr
pressure), and the rarefaction phase occurs vwhen the alp mole-
cules are pulled apart from each other (causing an instanta-
neous decrease in atmospheric pressure}. The complete sequence
of one compression and one rarefaction is called a cycle. The
eycle of a sound wave and 1ts component parts are 1lllustrated
in Fig. A.L.

A.2 Perception of Sound
The human ability to perceive a specific sound depends upon

its magnitude and character, as differentiated from the magni-
tude and character of all the other sounds 1n the environment.
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FIG., A1, CYCLE OF A SOUND WAVE AND ITS COMPONENT PARTS.




A number of gualitative descriptions may be used to describe a
sound, such as:

. Magnitude - loud or faint

. Broadband frequency content -~ high-piltched hiss or low
rumble

. Discrete frequency content - tonal or broadband

. Intermixing of pure tones - harsh or melodic

. Time variation ~ intermittent, fluctuating
steady or impulsive

» Duration - long or short.

Conventional measures of sound attempt to determine its magni-
tude with respect to human perceptlion, trying to account for
the frequency response characteristics of the ear. Most mea~
sures do not account for other subjective attributes. Such
attpributes are difficult to measure individually, and it is
even mopre difficult to combine them inte a single measure.
However, one or more of these attributes may be important in
enabling a human to perceive a specific sound; for example, an
intermittent impulsive "rat-tat=tat" is more easily distin-
gulshable than a steady broadband socund. To account for these
attributes, which are not easlily measured, some nolse rating
scales have fixed penaltles that are applied to the measured
level to lncrease its value.

A.3 Magnitude of Sound
The upit used to measure the magnitude of sound level is the
decibel. In the phrase, "The sound level is s¢ many decibels"

its use 1s analogous to the use of "inch" in the phrase, "The
length is so many inches" or to "degree" in the phrase, "The
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temperature on the Celaius scale is so many degrees". However,
unlike the scales of length and temperature, whiech are linear
scales, the sou