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THE NATIONAL NOISE PROBLEM

Since 1073, the Departinent of Housing and Urban Development (FIUD)
(39)° has conducted an Annual Housing Survey for the Census Bureau in
which nolse has been consistently runked as u leading cause of neighhorhoad
dissatisfaction, In fact, nearly one-half of the respondents each year have lelt
that noise was a major neighborhood problem (see Figure 1-1). In the 1975
survey, street noise was mentioned more often than all other unwanted
neighborhood conditions, This survey has also shown that aireraft and teaffic
naise are lending fretors in making people want to move from their neighbor-
hoods. Approximately one-third of ali the respondents who wished to move
hecause of undesirable neighborhood conditions, did so beeause of noise. (39)

HEAVY TRAFFIC 41%

\_ STREET REPAIR 21% 2
" STREET LIGHTING 31%
T CRIME 25%

., COMMERCIAL 8 INDUSTRIAL DEVELOPMENT 25%

LITTER 19%
DEYERIOAATING HOUS[HO 13%

ABANDONED BUILDINGS 10%

Figura 1-1. Undesirable neighborhood conditions for homeowners and renters: United
Stales Comparative Ranklng, 1075,
Source; Rel, 4, pp. 8-12,

Botha poll condneted by tho Gullup Orgamization in November 1978 for the
National League of Cities and a Harris Survey for the ABC network in Junuary
1679 on attitudes toward environmentul issues indiented that the publie views
noise as @ growing problen warranting more governmental attention and
action,

*Refarances are lislad in Section 11, e.g.: (Ref. 38),
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How many people are estimated to Jive in residentinl areas with noise levels
nbove recommended limits?

According to the Levels Document, the day-night sound level of residential
areas should not exceed 55 dB to protect against sctivity interference and
annoyunce (3). Itis estimated thit well aver 100 million people, neardy half the
U.S. population, live in arews where the noise exceeds this level (see Figure
1-2). Twelve million people are estimated to live inarcas where the outdoor
Ly exceeds 70 dB, and they are likely to experience severe annoyance nnd
possible hearing loss.

300 y r '
S Estimated Rural Areas N
""'Iq..
100E ""\ 3
w : :
v [ -
2 - -
£ 10k E
| = t3
g F .
= — Urban Noise— -
L] e -
2
g g 3
T ~ W3
2 = Freeway Increment 1\ ]
e
o [~ L 7]
'S B \\ -
5 \
S 0.1 a
= i
- 1!
- i 4
- It
'
0.01 1l
20 30 40 50 60 70 80 80

Lgpdib

Figure 1-2. Residential nolse environment of ihe natienal pepulation as a function of exte-
rior day-night average sound level,
Source: Ref. 5
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What is the relationship between indoor nnd outedoor levels?

Indoar levels are often comparable to or higher than levels mensured
autside (5), However, many ontdoor noifses still ivmoy people in their homes
more than indoor neises do, und people sometimes turn on indoor sourees to
mask the noise coming from vutside (6),

What is the most pervasive environmental noise souree snd how many people
are exposed to it?

As shown in Table 1-1, urban traffic is by far the mnst pervasive outdoor
residential noise souree, although nircraft noise is n significent source as well.
Over 96 imillion persons pre estimated to be exposed, in and uround their
hoies, (o vadesirably high traffic noise levels exceeding Ly, > 55 dB, Figares
contained in Tuble 11 Tor each source represent the number of peaple
exposed at or pbove a given level (Lgy) for the source inguestion and do not
take into consideration that an individual mny he simultaneansly exposed to
more than one source culminating in a higher total exposure,

Nunber of People in Millions for Each Nolse Catogory

Ldl'l

(dB) Urban
Traffic Arerafe Rail Industrial

80
75
70
65 1
6O &
55 9

Table 1-1. Summary of the numbor of paople exposed 1o various fevels of Ly or higher
from noise sources In the communlity.
Source: Ref. 7

What are typical noise exposures for peaple throughout the day Tor vadous
U.S, life styles?

This information is not precisely known, A study by Schori seems to show
anaverage exposure of Log (24) = 75dB. However, his sample is not necessar-
Ily typical (8).

How mnay workers and non-waorkers are exposed to noise levels which may
be damaging to their hearing?

An estimated 15 million American workers wre exposed to an Lo gy of 75
dB orabove whichmay be hazardous to theirhearing. Beeause of the overlap
between persons in occupational and non-occupatiomal noise exposire situi-
tions, there is an estinated total of 20 to 25 million persons who may possibly
incur hearing losses based on an Lx:q {8) of 753 dB or above (7).
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What might be considered the typical daily noise exposure pattern?

Figure 1-3 hypothetically depictsan example of what might be considered i

typical daily noise exposure of a homemaker, students, and workers,
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HEARING LOSS
NORMAL HEARING
How does the human enr work?

The Figure 2-1 shows & schematic dingram of how the human enr functions.

Figura 2-1, A schamatic diagram of haw the human ear functions,

The outer ear consists of the auricle or pinna (L not shown] and the auditory
canal [2], The pinna of the human ear is a residual structure although it may
aid in the localization of sound entering the ear, The sound wave entering the
cur is enhanced by resonant characteristics of the auditory exnal (12).° Sound
waves travel up the auditory canal [2] and set up vibrations in the eardrum or
tvinpanic membrane [3].

Bohind the tympanie membrane is a cavity called the middle ear. The
middle ear functions as an impedance mateher.® Speeifically, sound pressure
from waves traveling through the sir (low impedanee) is amplified about 2]
times so that it may efficiently travel into the high impedance fluid medium in
the inner enr. This is accomplished by the levernge action of the three middle
enr bones: the malleus, incus, and stapes [4]. The footplnte of the stapes, in
turn, moves in and out of the oval window [5].

The movement of the oval window scts up motiens in the Fluid [8] that fill
the inner ear or cochlea. Movement of this fluid causes the hairs that are
immersed in fluid to move [7]. The movement of these hairs stimulates the
cells attnched to them to send impulses alang the fibers of the auditory nerve
[8] to the brain. The brain translates these impulses into the sensation of sound.,
{12)

‘Referances are listed in Section 11, e.g.: (Rel. 12).

*Impedance Is comprised of frictional resistance, mass, and stiffness, and thus acts in
oppasition to tha Intoming sound wave,
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What is considered to he normal hearing?

The ahility to hear means being eapable of detecting sounds within the
freqquency range of 16-20,000 1z, The threshold of andibility or the point ot
which sounds are harely detectnble is shown in Figure 2-2. In elinical hearing
nssessment, normal hearing falls within e range of 0to 25 d B3 of the threshold of

andibility. (12)
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Figure 2-2. Average threshold of hearing,
Source; Ret, 13, p, 12,

At what level is the threshokl of pain?

The threshold of pain is loeated at the upper boundary of audibility and in
normal heareis iy in ihe region of 135 di for oIl frequencies. (13)

Arc there differences in normal adult hearing based on sex?

Starting in the early teenage years, and particularly in the ngerange of 2510
85, women in industrinl countries have better hearing than do men, However,
the rate of hearing loss In men over 50 deelines while that of women of the
spme nge increnses, Above 75 yvears of nge the difference in hearing hetween
the sexes tends to hecome insignificant. These differences most likely exist
because noise exposure is primarily greater for men due to the cecupational
noise they usually encounter in their early and middle years. (14}
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Are there differences in normal adult hearing bused on ape?

“I'he threshold of hearing rises (hearing becames less sensitive) with age.
This cffect involves primarily, and is most marked at, the higher frequencies
abave 00z (14). Studies of large population snmples have shown that this
loss hegins at around age 20 and increases with each decade (13). Refer to
Figure 2-7 which shows curves representing changes in the average threshold
of hearing with age for males and females, (Also see section an Presbyeusis.)

Are there dilferences in normal adult hearing based on mee?

There is no inherent difference in hearing levels between the mees that
make up the population of the U.S. Human ears are essentinlly the same
around the world, Any demographic differences that have appeared insonte
studies may be attributable to differing environmental noise exposures, (15)

How is hearing measured?

Hearing is commonly measured by the use of a pure-toneandiometer, Test
tomesare praduced by the audiometer at known intensities and are presenwed
to the subject’s ears through earphones. This is known as air eonduction
testing, Bach ear Is tested soparately and commonly at the following test
froquencies: 350, 500, 1000, 2000, 4000, and 5000 112, At each test frequeney,
the hearing threshaold for that test tone is identified as the lowest level of tone
to which the subject responds eorrectly at least 50 percent of the time (13).
Hearing level is reparted ns the difference between the sound pressure level
(SPL) of the measured hearing threshold for the subject and the SPL far a
“narmal” or “nverage” subject as defined in Figure 22 on page 2-3, The results
are platted on an aucdiogram. The sample nudiogram shawn in Figure 2-3
reflects heering level ranging from 45 dB at 250 [17 to 25-35 dB at 8000 He,
Each car-is represented separately (O = right, X = left), The modified
brackets indiente bone conduction thresholds; (<= right, > = left).



A
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Source: Ref. 13

HEARING LOSS
What different types of hearing loss are there?

There are two major types of hearing loss: conduoctive and sensori-neural, A
condnetive loss is usually associated with the outer or middle ear, This kind of
loss {s usually caused by a perforation or infection in the middle ear or an
inflammation of the middle ear bones, This loss blocks transmission of sound
to the cochlen or inner ear. Conductive losses are correctable by surgery.

A sensori-neural loss results from damage to the cochlea or neural structures
of the ear, Birth defects, noise, ototoxic drugs, fever, ar traunta may cause this
type of loss, Sensori-neural Josses are not medically correctable, In addition,
sensori-neural hearing loss can be elassified in several ways: noise-induced,
preshycusis, socineusis, or due to birth defects, congenital problems, disease,
Injury, or drugs.
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How is the type of hearing loss determined?

If air conduction testing indicates thatw hearing loss exists, it is necessary to
determine whether it is of the conduetive or sensori-neural type through bone
conduction testing, T'o do this a bone-conduction vibrator is attached to the
mastald process of the skull just behind the car, Test tones are presented at
differing intensitics just as with tones presented through earphones. Agin
each ear is tested separately. Often a musking tone has to he applied to the
untested ear to ensure that responses are heard only by the test ear, IF the
hearing threshold determined by hone conduction testing is essentinlly nor-
mul, the hearing loss indieated by air conduction is of the conductive type. If
the threshold for bone conduction is cousistent with that determined by air
canduction, the henring loss is of the sensori-neural type, A mixed loss exists if
there is a sensori-neural loss with a superimposed conductive loss, (16)

Cun condluclive losses be caused by noise?

Yes, Rupture af the ear drum and disterbanee of the middle ear bones can
result from o very high amplitude impulse or blast, This is often ealled
traumatic henring loss. The maximum eonduetive loss is usually around 50 to
60 dR, (12}

What are some common causes of sensori-neural hearing loss in newborn
bubies?

Muast babies born with hearing impairments have sensori-neural hearing
losses, These can be either congenital {genetically inherited from the parents)
or due to damage to the embryo in utern, Certain disenses such s rabella
(German measles) or influcnzn that the mother contracts during pregnancy
can result in a sensari-neural hearing loss as a birth defect in the child, (13)

What diseases can lead to sensori-neural hearing loss?

Diseases such as measles, mumps, searlet fever, diphtherin, whooping
cough, influenza, and certain other viral infections can lend to sensori-neural
hearing loss. The processes of these diseases can bave a toxic effect on the
sensitive nerve endings in the cochlon. Infoctions of the cerchrospinal fluid
such as meningitis cun alse cause damaye to the cochlea. Tumorons growths
near the anditory nerve can cause sensori-neurnl hearing loss due to pressure
on the nerve. (13}

Can drugs lend to sensori-nourul hearing loss?

High doses of ototoxie drugs such as quinine, dihydro-streptomyein, neo-
mycin, and kanamyein cun have toxic effects on the cochlen and cause
subsequent sensori-neural hearing loss. (13) The use of these drugs is now
restricted.



What is the extent of hearing loss among the U.S. populution?

Based on the audiometric results in 1960-62 Public ealth Survey, it is
estimuted that approximately 19 million Americans or 13 percent of the U.S.
population have hearing losses that enn be deseribed ws bandicapping, Crite-
ria recommended by the National Institute of Oceupational Safety and Health
(NIOSI1} (25 dB [TL averaged wt 1000, 2000, anct 3000 FH) as the beginning
point of handiciap was used to derive these estimates, The population suffer-
ing such losses mereases with age and the number of people significantly
aceelerates after age 40

Information gathered hy EPA and the National Associntion of the Deaf
shows that 13,362,842 Americans of all ages have some type of hearing
itpairment, from mild to severe, One-half of these peopleareage 65 or older,
There are 6,548,842 Amerleans of all ages with significant biliteral damage.
There are 1,787,048 Americans of all ages that are deaf. OF these, 410,522 are
prevocationn] (prior to age 19) and 201,826 are prelingual (prior tosge 3), The
prelingual figure essentially represents those who were born deaf, Three ont
of every 100 school children have sotne type of hearing impairnent and 30 out
of every 1000 Americans age 65 or older have a hearing loss. In 1971 the U.S.
Public Health Service conducted i servey which found that hearing impair-
ment is the most frequently reported health problem in the comtry, with
seven ont of every 100 people reporting a hearing prablem. (18)

NOISE INDUCED HEARING LOSS
What is Noise-Induced Penmunent Threshold Shift (NIPTS)?

NIPTS is o permanent shift in the hearing threshold (a lowering of the
sensitivity} of the cars due to exposure to noise, It #s a sensori-neunl type of
hearing loss, and is not reversible (14). NIPTS ean result from either a single
exposure to high intensity impulsive woise such as blasts or explosions, or to
langer exposures to lower, but still damaging noise levels. Typically, hearfng
Inss due to noise exposure aceurs fivst at the higher frequencies, particalarly
uround the4000 Fz level (AK0-6000 H) (13/54). Figure 2+ shows an example
of NIPTS relative to exposure levels of 87-102 dB. (17)
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What type of relationship exists between hearing loss und the level and
duration of noisu exposure?

In general, the magnitude of noise-induced hearing loss depends upon the
noise levels te which the ear his been habitoully exposced, the length of time
for which it has been exposed to those levels, and the susceptibility of the
individual, Short-term (time in minutes) to high intensity noise, or long-term
exposure to noise of lesser intensity, may ciuse temporeey or perimancnt
hearing loss, With an adequnte time before the next noise exposure, the ear
will generally recover to a previons pre-exposure threshold. Repeated nojse
exposttres without adequate time for recovery between exposures ean lewd to
a Noise-Induced Permuanent Threshold Shift (INIPTS). (See Reforences 1R and
20 for a general discussion.)

What factors con Increase a person’s susceptibility to noise-induced henring
loss?

A significant factor that is known to inerense the likelihood of noise-indneed
heuring loss is continued exposure to hazardous noise. Defeets or disenses of
the car are hypothesized to eause n predisposition to noise-indueed hearing
loss. (14) Some evidence exists that persons are especially susceptible to
suffering hearing dnmage From notse when they are going through physiolog-
ieal changes or are enduring physical stress such as rapid growth ar illness, (20)
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Does noise net synergistically with drugs on hearing? Are there other kinds of
synergistic ¢ffects?

There is some ovidence in the literatare which suggests that ototoxic drogs
such as knnamycein, and o class of antibiptics known as amivoglycosides may
cause more severe damage to the ear when treatment with these drugs oceurs
concurrent with noise expasure. (21} However, only little researcl has been

done in this area, and the data are linited to animals.
Continuous noise may also interaet with impulse noise and body vibrations
to exacerbate hearing loss, although the magnitude of this effect is not exacetly

known.

What Factors protect the ear against noise-induced hearing loss?

There are several factors which can mitigate the risk of noise-induced
hearing loss, The acoustic reflex {tightening of the assicular chain due to
contraction of the museles in the niddle ear in response to high level sound)
protects hearing from noise exposure to o very limited degree, The nse of
hearing protection such as earplugs or earntlfs reduces the risk of hearing
damage from nofse. Avoldance of noisy areas, limiting exposure to short
periods of time, or ensuring intermittent rather than continuous exposure will
mitigate the risk of hearing loss from noise, Increased public awareness of the
dangers of hearing damage from neise can Jead to the use of car protectors
and the avoidanee of dangerous notse exposure. (14)

What effect does sex have on the suseeptibility to noise-induged herring loss?

Based on the results of existing researeh, it is no! possible to conclude
whether the sex of the noise-exposed person increnses or decreases the risk of
noise-induced hearing loss.

What iy the physiological basis for noise-induced hearing loss?

The following mechanisms are considered to play a rolein causing damage

to the sensory cells of the inner car;
“» Destruction of cochlear tissue beeause of the physieal force of the
sound pressure,
s Cardiovascular factors resulting from diminished blood supply to the
cochlea during noise exposure,
o Alteration of fluid transport across Relssner's membrane during noise
exposure,
¢ Alteration of biochemical processes during noise exposure. {(49)

The hair cells normully convert the mechanicn energy of sound vibrations
into neuro-electrical signals that are trinsmilted to the brain, As the intensity
of the noise or the time for which the ear is exposed is inereased, a greater
proportion of the hair cells are damaged or destroyed. Figare 2-5 schemati-
cally shows the pragressive destruction of the hair cells due to excessive noise
exposure.

2.8
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How doces the “Equal Temporary Effect” Hypoathesis predict N1PTS on the
busis of NIT'TS?

This theory states that Noise-Indueed Permanent Threshold Shift due to
long-term steady-state noise exposure is predicted by the average Noise-
Indueced Temporary Threshold Shift praduesd by the aine daily noja in g
healthy young ear. The hypothesis is based on the convention thiat noise
intense enough to cause NIPTS in the long run is intense enough to cause
NITTS inthenormal car, and that noise that does not produce NI'TTS will not
produce NIPTS, (14} The hypothesis states that a NITTS measured two
minutes after cessation of an eight-liour noise exposire elosely npproximates
the NIPT'S inenered after a 10 to 20 year expasure o the same level, {20)



What is the “Equal Energy” hiypothesis?

The "Equul Energy” hypothesis is another way to attempt o predict
NIT'T'S. The hypothesis stistes that equal amonuts of sound energy will cause
equal nmounts of NIPTS regardless of the distrilbtion of the energy neross
time (18}, This means that the hazard to hearing is determined by the total
energy (product of sound level and dupation) that enters the ear on & daily
busis. The “Equal Energy” rule allows a3 dB increase in sound pressure level
for ench halving of the duration of continuous daily steady-state noise expo-
sure, (1+4)

In deterinining permissible exposures for the workplaee to prevent NII'TS,
OSHA adopted a5 dB per doubling rule to account for varions breaks in noise
levels which oceur during the day. (25}

EPA has identified an Lyq (24) of 70 <IB as the maximum 24-hour exposure
necessary to protect hearing. I exposure tiine is redueed to 8 hours, a maxi-
mum Log (8) of 75dB, a5 dB increase, hasheen identified asa protective level
for hearing. (5)

IMPULSE NOISE
What is impulse noise and what ure its effeets on hearing?

This is noise charaeterized by a short duration, abrupt onset and deeay and
high intensity. Impulse noise deseribes the kinds of sound made by explosions,
drop forge impacts, and the dischirge of firearms, Exposure to impulse noise
may result in tenporary and permanent shifts in the threshold of hearing, (22

Whatare the eriterin for impulsive noise inside and away from the workplice?

OSHA regalations define impulse or impact nodse as “sound with o rise time
of not more than 35 milliseconds to peak intensity and u deration of not maore
than 500 milliseconds.” The regulations specily that employees shall not be
1(3.\'p}nsccl to impulse or impact noise which exceeds 140 dB peak pressure level,
25
The Committee on Hearing, Bioacoustics, and Biomeehanies {CHABA) of
the Natinpal Academy of Seicnees has alsa reconiivended dantnge risk crite-
rig for impnlse noise, The CHABA impulse curve is based on peak sound
pressure level and the duration of the impulses, Figure 2-6 shows the criterin
cucrently in use, assuming an exposure of 100 impulses per day. The A-
durittion is the time that the impulse is initially within 20dB of the penk level,
The B-duration measures the total time that the sound is within 20 JB of the
peak foevel, The B-cueation also accounts For any reflections or reverberation
that may be present, and thus allows less exposure under these eonditions, A
correction factor for duily exposures other than 0 impulses is provided, (74)

2.1
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PRESBYCUSIS — SOCIOCUSIS
What is preshycusis?

Preshycusis is a hearing loss associnted with inereasing age. It is most
marked at higher frequencies, especially those above 3000 1z, The causes of
presbycusis are believed to be deterioration of the central nervons system and
changes in the auditory systemn, {12)

Whit is sociocusis?

Sociocusis is noise-induced permunent threshold shift (loss of hearing sensi-
fivity) artributed to environmental noise (hearing loss from non-oceupational
noise exposire}, (27) 1t s difficult joseparate socioeusis fromhearing loss due
to aging (preshycusis) or to occupational noise exposure, Exposures ta high
levels of enviromnental noise may nceelerate loss normally due do aging, (18)



What is the progression of preshycusis with age?

The threshold of hewring rises nnturally (hearing becomes less sensitive)
with increasing age. This effect invelves primarily the frequencies nbove 3000
He. (14) Figure 27 presents data that depiet the progression of preshycusis
with age and the degree of loss. As age increases, losses at high frequencies
become greater and hearing loss progresses farther down the scale to lower
frequencies,
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Due ta our camples, noisy environment it is difficult, if not impossible, to
separate hearing loss due to aging from noiseinduced hearing loss, both from
oceupational and environmental noise, Few penple live their whaole lives in
quiet surroundings, Almost everyone suffers some exposure to dnmaoging
noise either at home, at work, at leisure, or during transportation between
these activities.

The data found in Figure 2-7 are not meant to he taken ns an exact predic-
tion of the magnitude of hearing loss at eachage. Different researchers lave
found dilfering values, The figure is presented to represent an averge
amount of hearing loss that ean he expected. lHowever, it is possible that seme
of the henring loss described in the graph s due to exposure to environmental
noise and not to presbycusis. Some researchers contend that preshycusis
consists mainly of hearing loss due to lifetime exposure to tie nggregate of
naoise found inthe environment. Another view states that envirommenta] noise
only aceelerntes the losses at high frequencles that woeuld have oceurred
anyway througl aging. (27)

What evidence exists that sociocusis (hearing loss caused by environmental
noise) ocenrs?

Rosen conducted a study of the primitive Mabnans of the Africun Sudan.
Thelr environment was almost [ree of noise withn typical background level of
40 dB {A-weighted), Amony the Mabaans, thehearing abilities of men in their
seventies and cighties is equal to that of healthy children at age ten, (28)

These findings suggest that the Mabaans show little il any hearing loss due
to aging (preshyeusis). The implicution of these findings is that much of the
hearing loss observed with age in industrial countries could really be due ta
anvironmental noise exposure {sociocusis) rather than aging (preshycusis),
Rosen's findings may be attributable to dlel or ather causative factars, and
inflnenced by difficuities In determinntion of nge,




s roek music consideted to be a hearing hazord?

Stuclies have confirmed that overall sound levels of loud rock and roll,
eitherat concetts or front domestic sterens, frequently exceed current hearing
damage risk criteria, These noise levels can produce large amovnts of noise-
induced tempaorary threshold shifts (NUT™TS) in hoth the musicians and the
listeners, Sound levelsin the nrea of the band vary from 105-115 dB and in the
danee area fram 100 to 110 B (A-weighted levels), which are within hazard-
ous levels aeeording to dinmnge risk eriteria estublished by EPA, OSHA, and
NIOSH, {20) Attendance at a rock coneert as a fun, or playing and practicing
in o rock Dand, enn impair hearing. {(30) Figure 2-8 shows before ind after
auchiogeams of musicians and dancers at a loud rock concert. (27) NI'TTS from
exposure to the loud mnsic is clearly visible, Generally, however, the inc-
dence of hearing loss is not as large as would be predicted. (29)

One lactor that can lessen the effeets of rock music on hearing i its
intermitioney, Rock music is characterized by on-times of approximately
three to five minutes alternuting with of f-times of npprosimately one minute,
{27) Another faetor is the prominence of low frequency sounes which are not
us damaging us high frequency somds.
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THE CONSEQUENCES OF HEARING LOSS

How is the ability to diseriminute and understand specch uffected by noise-
induced hearing loss?

Often, the first awareness of hearing loss comes with inissing oecasional
waords in general conversation and having difficulty understanding speech on
the telephone. Many sufferers of noise-induced hearing loss say that speeclis
frequently garbled and distorted. Typical noise-induced hearing loss is in the
high frequency range and persons with this type of hiearing loss ean have
normal or glmost-normal hearing up to 1000 1z, They exhibit little difficalty
in hearing voices at normal intensities but they ean have trouble understand-
ing them especinlly with noise in the hackground. [his is heeause consonants
arccharacterized by high frequencies nnd weak intensities and vowels by low
frequencies, A person with a nosse-indueed hearing loss can miss hearing
consanants likes, [, and p that give information and meaning to speeel and
Innguage. 1t is often difficult for people with this type of loss o anderstand
speech in leclures, meetings, partics, theaters; or an TV, rudio, or the
telephone,

What is reeruitment?

Recruitment is a rapid increase in the pereeption of londness at levelsabove
hearing threshoelds. It is often characteristic of o sensorf-ncural hearing loss
(13/748) and it iy ennse discomiart and pain, Oneen sound isinfense enongh
for the subject to pereeive it, an additionn] inerense in intensity canses a
disproportionate increase in the sensation of londness. For exumple, a person
with a 40 dB hearing loss would just hurely detect o sound of 40 dB above the
normal threshold of hearing. However, he would hear a somd of S0 dBabove
the normal threshold with & loudness that was grester than that with which a
normal hearing person would hear a sonnd of 10 dB shove the threshald of
hearing, (13}

What is tinnitus and how many peaple ineur it?

T'innitus is buzzing, high-pitehed ringing, or ronring in the head that is o
common complaint of persons with hearing loss, particularly those losses
associnted with noise. "T'imitus is often the lirst recognizable indieator of
hearing damage. It can be in one or both ears, although there may not
necessarily be a hearing loss present, {(13)

According to the Nationa! Health Examination Survey (1960} 32 percent of
the population or 48 millien Americans hive experienced some form of
Timnitus, at one time or another,

What other effects con hearing loss have?

Hearing loss ean lead to reduced employability of the sulferer. It is espe-
cinlly damagingif children suffer henring loss during their developmentalind
educalional years. {32) Hearing loss eun also be a safety hazard and can
contribute to gecidents because warning signals ur culls for lielp cin be missed
by u person with a hearing loss. (33)



Rt e

What are the socinl consequences of hearing loss?

Muny times, friends and assoviates becomne less willing to be partners in
conversation or other activities with o person who suffers a henring loss, It
becames dilficult for a person with o hearing loss to purticipate in lectures,
meetings, parties, theaters, and other pullic gatherings; to lsten to the TV or
radio; or have telephone conversations, A severe sense of isolation ean set inns
hearing decreases, As hearing loss increases so does the sense of being cut off
from the rest of the world, Eventually liearing may decrease to the point that
the person no longer feels a part of the living world. Emotional depression can

be the result, (12)

HEARING LOSS CRITERIA

What level has been identifivd as protective of the heating of the genera)
population in the workplace?

Taking into nceount that 4000 Iz is the frequency maost sensitive to hearing
loss nnd that losses of less tun 5 dB are generally not considered noticenble or
significant, EPA has identified an8-hour exposure level not exceeding 75 dB in
order to protect 98 percent of the population from grenterthana S dB NIPTS,
{5) This recommendation is based on steady noise levels of 8 hours per day, 5
duys per week, over n period of 40 years, (5)

What levels huve been identified as protective of the hearing of the general
poputation from significant damage due to environmentul noise?

Environmentnl noise differs fram workplaee noise in that it is generally
intermittent, covers 365 days per year rather than 250 work days, and covers
24 hours per day rather than 8 hours, "Taking these luctars into aceount, EPA
has identilied an environmental noise level of Ly (9.4) = 70 dB in order to
protect 96 percent of the generul population front :fT)quring loss of greater
than 5 dB at 4000 Hx. (3) For details, see Table 2-1,

' Steady With
{Continuwaus) Intermittont Murpin of
Nolse Nolss Safuty
Log, 8 hour 250 day/yaar 73 78
385 day/yoar a4 T6.4 75
Loy. 24 hour 250 day/year ) n
345 day/yoar 66.4 na 70

Table 2-1, (Al-Ear)exposure lavels thatproduce no more than 5 dB noise-induced hearing
damage at 4000 Hz over 8 40-year peviod,
Saurce: Rel, 5
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If the ussumplions underiying this identified level were chunged, how would
that affect the level?

o “How would the identified level be affected by a chango in the
pereentage of the populalion protected?

Reduelngthe 98th pereentile value to the 50th percentile (i.e., protect.
ing hall tho population) would inerense tho protective Jevel value from
70 dB to 77 dB.

“Since agreement on the value of the intermittency correction is
impurfeet, what other values might be used?

The estimated intermittency correction nsed in the Levels Document
is 34B. The true intermitiency correction is probably within the range
0 to 15dB.

& “How sceurate is the equul energy assumption?

The equal energy assumption when applied to the long times (8 hours
to 24, or 250 to 365 days) is fairly ncearate. [t mny he subject to error
when applied to short exposures of estreme level,

& “How memningful are the basic studics of hearing damage risk?

The probable errors of estimates in the three basie stndies cannot be
stated with absolute neenracy, There are n number of problems in
extrepolating percentages of the population damaged from relatively
high exposure levels to the protective level, Also, there is the problem
of determining the amount of hearing damage when the control {non-
exposed) population is subject to high levels of non-oceupational
noise. Thus, the 70 dB pratective level is simply the best present
estitnate, subject to clange il better data become available,”
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What criterion has heen developed for exposure to steady-state noise?

Figure 29 shows eurves developed from data nsed in the EPA Levels
Dagmnent (5 which depiet the maximum and average noise-induced per-
manent threshold shift expected averaged aver a -f0-year exposure to o 24-
hour continuous A-weighted eeuivalent sound level, For expinple, over a
40-yeur (age 20 to 60) expostre to n continuous A-weighted equivalent sound
level of 75 dB, the avernge noise induced permanent treshold shift (NIPTS)
expected is approximately 4 B at 000 [z, This means that at age 20, the
individusl will have hearing equal to the non-exposed population (0 dB
NITPS). At age 60, the individual will have an NIPTS considerably greater
than 4 B, The average expeeted shift in threshold is 4 dB. This change in
hearing is cansed hy the workplace noise exposure. This is in addition to the
expected Joss of hearing due to aging which at the age of 601 approxinmtely
an average foss of 24 dB for each frequency in the range of 250-8000 112, (26)
The maximum values indicated in Figure 2-8 show the warst ease expected
from the given sound level,

HEARING CONSERVATION

In what wiys can noise problemis e approached in order to lessen the chinces
of henring loss due to exposure to noise?

Attempts ta solve a noise problem can be made by attacking any camnlina-
tinn af the three hasie elements of the problen:

¢ By madifying the source to reduce its neise output

* By altering the transmission puth 1o reduce the noise level reacling the
listener

& By altering thereeciver's exposure cither through limiting the exposare
tinne or by providing personal protective equipment (11)

In what ways can u source be madilied to reduen ite nnive outpumt?

Noise sources can be quicted byt
& Reducing impaet or impulsive forees

o Redueing speed in machines, and flow veloeitios and pressures in fuid
systems

* Halancing rotating parts

® [Reducing friction] resistance

& lsolating vibrating elements within the machine

» [leducing noise radinting areas

& Applying vibration damping materinls

* Redueing noise leakage from the interior of the machinge

* Choosing gnieter machinery when replucing appliances (1)



En what ways can the transmission path be altered to reduce the noise level
reaching the listener?

Noise transmission paths can be altered by:
& Separating the noise source and receiver us mueh as possible

& Using sound absorhing materials

Using sound barriers or deflectors

& Using ncoustical linings

Using mufflers, silencers, or snubbers
Using vibration isolretors and flexible conplers

Using enclosures (11)

1f it is impossible technologienlly or unfeusible econmmically ta solve o noise
problem by modifying the source or altering the transmission path, what other
methods can be used to protect the listener from hearing dumage?

Limiting the amount of continuous espnsure to high naise Jevels is one
approach. This can he accomplished either by conducting noisy operations
for anly short perlods of time or by allowing listencrs ta be exposed to high
fevels of noise for only short perinds of tme. After all other methods have
fniled to reduce noise to accepiable levels, personal hearing protectors can be
used as o last resort where exposure to these high levels is required. (11)
Hearing protectors do not solve the naise problem; they only treat the symyp-
toms of the problem,

How is the exposure of workers to high levels of noise regulated by the
Federnl government?

The Walsle-Ilealey Public Contracts Act of 1938 as amended in 1569
requires that all companies doing at least $10,000 annual business with the
Federal government limit the exposure of thelr workers {o nofse at varlous
levels to the durations detailed {n the next table. Table 2-2 shows that as the
noise exposure level increnses by 5 dB, the allowable time of exposure is
halved. (25)

These same oceupationn] exposure levels were promulgated covering
inclustries engaged in juterstate commeree by the Oceupational Safety and
Health Administrution (OSJIA} under the mandate of the Ocenpational
Safety and Herlth Act of 1970. in November 1981, OSHA adopted a hearing
conservation mnendment which would require industries with an Ly of 85
dB or greater to implement noise exposute maonitoring and hearing conserva-
tion programs, (99)
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Duration Per Day
(h)

Neise Level dB
Slow Response

8

6
4
3
2
1.5
1l

1/2
1/4 or less

90
92
95
g7
100
102
105
110
115 max

Table 2-2. Permlsslble noise exposures under the Walsh-Healey Public Contracis Act, 1969

Sourca: Ael, 25

1 nolse exposure exceeds these limits what additionnl protective mensures do
the OSHA regulations require?

I noise exposure exceeds these durgtion and nuise level limits, after eco-
nomically feasible engineering remedies are exhausted, employees ure to

wear hearing protectors issued by the employer. (25)
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Flgure 2-10, Sound attenuation charactaristics of various types of ear proteciors
Source: Rel, 23

What different types of hearing protectors are available?

Henring protectors cian either be carplugs or malfs, Earpligs can be made
of many materials, such as soft flexible plastic, was, paper, glsswoaol, cation,
andl mixtures of these materials, To be effective they must provide a snug,
afrtight and comfortable seal, Moff-type protectors eaver the entire externn
ear and generally provide grearer proteciion thun do earplugs. (23) Figoe
2-10 depicts the somd atienuation charneteristies of several representative
types of hearing protectors,

What other requirements must he fulfilled wnder the OSHA Act of 19707

The Act requires yearly andiograms for nll employees whose noise oxpo-
sure excecds the OSHA limits, In addition, these employves are Lo he issued
hearing protection devices,

What are buseline and follow-up nudiograms und why are they useful?

Baseline or reference andiograms are the results of hearing tests performed
on new employees at their time of hive, Follow-up sudiograms are periodic
tests performed to identify any deteriontion in the employee’s hearing due to
an-the-job noise exposure, Baseline and follow-ugpr audingras nre important
becuuse employers are only liable for hearing loss ineurred during the time

2.2
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that a claimunt was employed by them. Baseling audiogrums plupoint the
extent of hearing loss prior to sturting work and also can serve as u plicement
meehanism, An effort can be made lo place employees with v existing
hearing loss inarcas that are less danueging to their remmining hiearing, Follow-
wp andiograms poini out developing hearing Juss problems and deterinine
those susceptible individuals who are at risk. Their exposures should he
madificd immediately to protect against continued deterioration of hearing.
The follow-up periodie audiograms help in pinpointing those individuals
needing further testing and in documenting compensation cluims. (13)

Wiy is compensation puid for hearing inpoirments?

In recent years oceupationnl diseases have hbecome compensable, nnd loss
of hearing has been recognized by the Federn! government and most stutes us
an occupational disease. Today, there are some state laws that consider
gradual hearing fmipainnent asa series of truumas or accidents, and therefore
treat it us a safety rather than a health problens, At the present time nearly all
states have provisions for compensating hearing loss but the sttutes vary
considerally, While o Tew states compensate Tairly liberally, some states
require “total” loss of hearing in ome or both ears, und athers still require proof
of disability and lost wages, (34) (For genernl information and diseussion see
Referenve 34.)

In terms of compensation and eriteria, how are disability, impairment, and
handicap defined mnd used?

¢ Disahility: actual or presumed inbility to remain emiployed at full
wiages

® [mpairment: ndeviation or a chunge for the warse in either structare or
funetion, usually outside of the range of normal

¢ fundicap: the disadvantege imposed by an impairment sufficient to
affect one’s personal effieiency in the activities of daily lving

Clearly, the termhandicap is meant toapply to the compensation sition,
whereus tie term impairment is more appropriate o preventive eriteria, (35)
The decision of what is an unaceeptable amount of impairment continues to
be in dispute.

What are the two most often used hewring impaijoment compensation
formulas?

1. AMA/AAQO Formula (1978)

This recently revised formula was doveloped by the Americun Academy of
Ophthalmology and Otolaryngology. The formula averages hearing loss at
SO0, 1000, 2000, and 3000 He. (prior to the revision, the 3 K1z test frequency
was not used) with a 25 dB low fence below which no hearing impainnent is
considered to exist. An averuge hearing impairment of 92 di is eonsidered
totul hearing loss with cuch deeiliel Joss between 25 and 92 & representing a
L5 percent impairment rate of growth, (36)



2, Compensation Formula for Federa! Employees (NTOSH Formula)

Theoriginal AMA (AAOO) formula was used untit 1969, It was modified at
that time by the Departinent of Labor to include test frequencies of 1, 2, and 4
KHz with the sarne high and low fencoas before, It was ngain modified in 1973
to the present form, This later madifieation was lnrgely based on NIOSH
recommendations in ity criterin document, “Criterin for a Recaminended
Standard Occupationsl Exposure to Noise,” {(37) NIOSH recommended that
hearing impairment shouid be assessed by the ability to hear and understand
speech not only in quiet surroundings, but in everyday conversational settings
where significant background noise mny be present. The NIOSH formula
averages hearing loss at 1000, 2000, and 3000 Hz, also using a 25 dB low fence
below which no hearing lass is considered. A 1.5 percent hearing impuirment
rate of growth occurs for every decibel loss above 25 dB, The inclusion of the 3
Kllz test frequency while deleting the 500 Hz makes the formatla more
sensitive to noise-induced hearing loss sinee such losses are incurred initinlly at
higher frequencies, In view of this, n number of states have incorporated
similar high frequency components in their formulas in recent years,
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NONAUDITORY PHYSIOLOGICAL RESPONSE
EFFECTS — GENERAL
Why is noise considered a health problem?

Noise is generally viewed as being one of o number of general biological
stressors, It iy felt that excessive exposure (o noise might be considered n
health risk in that noise maay contribute to the developmentand aggravation of
stross related conditions such as high blood pressure, coronary disease, uleers,
colitis, and migraine headaches, (20)°

Growing evidence suggests 1 link between noise and cardiovascular prob-
lems, There is also evidence suggesting that noise may be related to birth
defects and low birth-weight bables. (40}

There are alsosome indications that noise exposure can increase susceptibil-
ity to viral infection and toxie substances, (14)

What physiologlent changes oceur in response to noise?

Loud sounds can cause an arousal response in which a series of reactions
oceur in the bady, Adrenalin is relensed into the Bloodstream; hieart rate,
blood pressure, and respiration tend to increase; gestrointestingl motility is
inhibited; peripheral blood vessels constriet; and mnnscles tense, On the con-
seious level wo are alerted and prepared to take sction, Even though noise
may have no relptionship to danger, the body will respond automuatically to
noise as a warning signal. (14)

*Raforencas are fisted In Section 11, 8.g.; (Ref. 20).
31



MHusteated in Figure 3-1 are possible clinleal manifestations of stress con-
comitant with noise. Notonly might there be harmful consequences to hiealth
during the stale of alertness, hut research wlso suggests effects may oeenr
when the body is unnware or asleep.

SUBAJECTIVE ACSPONSE

SUMMARY OF POSSIBLE

CLINICAL ", ) tRITABILITY
MANIFESTATIONS J))) PERCEPTION OF LOUDNESS
OF STRESS s,
ADRENALINE
WITH NOISE CHANGES In
GALVANIC HEANT AATE
SKIN RESPONSE
TS e

ULCER FONMATICN
INCREASED

ADRENAL HORMONES

CHANGES IN 4
{CCATICOLTEAGNE
INTESTINAL MOTILITY CORTISOL {
EHANGES IN SKELETAL
VAROCONSTRICTION

MUSCLE TENSION

Figure 3-1

How are these physiolagical responses activated ?

Impulses from the brain activate centers of the nutonamic nervous system
which trigger o series of bodily reactions as part of & general stress response,
Systems that nmy he affected inclnde the glandular, cardiovaseuliar, gnstroin.
testinal, and muscoloskelutal systems,

Is charl-term exposure to noise considerad a health vish?

No. It is generally believed that there s no risk sinee the body has a ehaner
tarceaver, A little stress, as many peoplewill attest, may be beneficial. There
may he exceptions to the above statement, (1)

Is long-term exposure to noise considered o health risk?

It is possible that repeated or constant exposure to noise cin contribute toa
deterioration in health, Wihether or nat enviromnental or industrial noise by
itself ean lead to chronie disturbances is hard to determine since there are so
many other stresses to which people are pxposed. (41) Thisresearch is difficult
to concduct and little has been done in this area, but research is aceumulating
which suggests a relationship between long-term noise exposure and stress-
related health effects, particularly those related to the enrdiovascular system.

3.2



Have eriteria been estublished for the nonsuditory effects of noise?

Nat at the present time. In the past, EPA stated that noise levels identified to
protect against hearing loss should be safficient Lo proteet agiinst the nonand-
itory ef fects of noise. [Towever, growing evidence suggests that this assump-
tion needs to be tested through research, (5 In considering noise ns a general
stressor, the need to establish quantitative criteria has now beeome evident,
given the growing concern about these effects.

NOISE AND THE BODY'S REACTIONS

Why is the investigation of cardiovascular effects so important?

The extent to which noise may contribule to the prevalenee of hypertension
and other eardiovaseular disorders points to an important public health con-
corn, Heart disense hns been the leading ciuse of death in the United States for
the past several decades, secounting for almost 50 pereent of the deathis in this
country. Hypertension is the most cormmeon of ull cardiovascular diseases, and
itis estimated that from 23 to 60 million Americans, depending on the criteria
used for defining hypertension and the age groups incluced, have hyperten-
sion. Hypurtension is o factor contributing to the death of at least 260,000
Americuns cach year. (84) Heart and blood vessel disenses eause n great share
of the financial burden of illness, eunstituting about one-lifth of the tatal cost
of illness in this eountry.

Is there credible scientilic evidence which suggests that noise-induced stress is
reluted to hypertension nnd cardiovaseulor disease?

Yes. It has Jong been known that naise is capable of produeing short term
systemie stress reactions in animals and hemans, The mujor gquestion coneerns
the extent to which these reactions, if repeatedly elicited, translste inte health
problems. Mare than 40, mostly foreign, retraspective epidemiological stu-
clies have been done assessing the eardiovaseular effects of necupational
noise. (100, 868) A large number of these studics indicate that long-term
exposure ta high levels of oceupational noise s associnted with incrensed rates
af high blood pressure snd other cardiovaseular health problems. Field stu-
dies have also been conducted on various other groups — people living near
airports, and school ehildren exposed to traffie noise — showing that there
miay be same risk for these people. (66, 85} In addition, luborntary studies on
animuads and humans (42) have demonstrated a reletionship hetweennoiseand
high blood pressare, It should be noted that in field studies, while noise may
he the major variable hetween test and control groups, noise cannot be singled
out as the anly cause of stress effects, Attention has to be paid to the type of
work being done, other noxions environmental conditions, and the physical
and emotional health of the subjects, (43}

Are there any studies which have focused on heaith effects associnted with
community or environmental noise exposures?

Several carrelational field studies have examined health outcomes as o
function of exposure o varying levels of traffic and afreralt noise, (60)
Although these studies must be viewed as explaratory rather than eonfirma-
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tory, evidence has been obtained for increased rates of hypertension and
eardiovaseular disease, inereased usage of various preseription drugs, in-
creased rates of physician's visits, and inereased subjective nnd self-reported
symptoms and eomplaints. (86, 101} These studies suggest the possibility of
adverse health outcomes associated with environmental noise and Torther
underscore the need for additionnd research.

Is noise of specinl concern for those persons already suffering from cirenla-
tory and heart problems?

Noise niay be potentinlly more dungerous to these people sinee it can
aggravate an existing health problem. There are millions with hear! disease,
high bload pressure, and emotional illness who may need protection from the
additional stress of noise, However, no research exists to document this arca of

concern.

Are children maore susceptilie to the physiological stress effeets of noise?

The contribution of various environmental fictors to the early development
of high blood pressure isan important question, With respect to naise, at least
two studies exist wlich suggest that exposure to high noise levels in sehools
and neighborhoods is associated with elevations in bload pressure, The blood
pressure levels of children living in high noise environments were found tohe
significantly higher than those of children wttending schools or residing in
quicter areas, (96, 100, 104)

What are some of the lindings from the study of bloed pressure in lboratory
animals expased to noise?

Research in this area has been sponsored by EPA. Data from an esperinent
by Dr. Ernest Peterson, using monkeys subjected to 24 hours of recorded
noise daily {representing typical daily noises for an industrial worker), indi-
cate that such exposures, repoated duily for months, ean eause sustained
changes in blood pressure, This suggests that noise may make o long-term
contributtion to the development of cardiovaseular disease, (12)

Have nny long-term human experimental or other such controlled studies
been conducted?

One long-term laboratory study has been condueted by the Navy, In this
study, subjects were exposed to shart bursts of noise ot imoderate levels overa
30-clay period. (102) Among the results fonnd in this study were statisticnlly
significant elevations in cholesteral and cortisal. Cholesterol Is n known risk
factor for cardiovaseular disease and cartisol is a stress honnone. "'wo other
field studies have been able to obtain high and low noise comparisons on the
same subjects in field seltings, (103, 86) These studies have reported noise-
related elevations in blood pressere and in varions stress-related hormones,
and have found inereases in a variety of health disorders and complaints,
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Is there u relationship between noise-induced hearing loss and high blood
pressure?

Studies have been done whieh have tried to use noise-induced hearing loss
as an indirect index of noise exposure, One such stully did report higher blood
pressuro levels among workers with obvious nalse-induced hearing loss.
However, this study has been critivized on methodological grounds and
subsequent stiadies have yielded mixed resulis, (43, 103)

With what other stress effects can noise be associnted?

Stress ean be manifested in any number of ways, including headaches,
irritability, insomnia, digestive disorders, and psychological disorders,
Workers who are exposed to excessive noise frequently eomplain that noise
just makes them tired.

Quite n few fiekd stuclies bave been done an workers in Europe, examining
the relationship between noise and iliness. In these studies, noise has been
related to the following:

General morbidity {fliness)
Neuwropsyehologicn! disturbances
& headnches
o fatigue
* insomnin
& jrritability
& peuroticistn
Cardiovasculur systent disturbances
¢ hypertension
* hypotension
¢ cardiac disense
Digestive disorders
® yleers
e colitls
Endocrine and biochemical disorders

There is a need for additional laboratory replications of these potentially
irnportant findings,

35




Do experts agree on Lhe significanee of nonauditory physiologienl effeets of
noise?

No. While u growing hody of evidence, provided and accepted by a
growing number of scientists, suggests that noise ean be considered a general
hiologieal stressor, not all findings and not all scientists agree., Dr. Karl Kryter
(98, 20} performed studies in which his subjeets demonstrated relatively small
physiological changes in response to noise, He feels that the ncoustie-vasenlar
response to noise can he explained by a non-stressful protective anditory
system symnpathetic nervous systeny reflex rather than the general stress
response generally assumed to be respansible for what he helieves to be
transient physiological changes observed alter noise exposure. So there are
differences in scientific opinion about both the mechunisin by which noise
affects the body and the degree to which these effeets are stressful, Many of
these differences mnay eventually be explained in terms of the distinet ways in
whieh two different individuals iay respond to an identical stimulus.

Huve increased illness, aceidents, und absentecism heen related to noise?

Astuedy wis condueted on the medieal attendance and accident files of 500
warkers situated in noisy plants (95 dB or higher) and 300 waorkers in quicter
plants (80 dB or less) in the sontheast U.S, Comparing the records of those
waorkers, it was found that the workers exposed to the higher levels of paise
had asignificuntly greater rate of aceidents, diagnosed medieal prohlens, and
absentecisin (especially in the bailer mannfaeturing plant where most of the
records were obtained}. (88) The study cautions, however, that there inay be
ather conditions besides noise responsible for these differences.

Does noise have any nonanditory synergistic effeets with 1oxic substances?

There are now 13,000 toxins wsed in industry and business. Noise as a
stressor in combintion with toxing may pose n serious health huzard for
waorkers, However, no definilive duata are availeble at the present time,

Does noise have an effeet on mortality rates?

Same researcel has been conducted by W, C, Meecham and W, Shaw on the
effects of jet noiseand mortality rates around Los Angeles Airport, 'The results
showed an effect that is provocative and suggest the need for mare in-depth,
larger seale resenrch, Considerable caution should be exercised in generaliz-
ing from these findings since there were many intervening noise exposure and
demographic varinbles not considered in this ecological-correlation study.
Therefore, the effects of noise on inortality are still uneertain, (97, J44)
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Does protecting against hearing loss guarantee that no nonanditory physiolog-
ical elfects will occur?

It is not possible to provide a definitive answer to this guestion at this time,
However, EPA-sponsored primate research bas shown that significant and
sustained elevations in blood pressure can be produced as i result of exposure
to noise levels which do not produce any significant pernutent hearing loss in
the snbjects, (106) These duta would suggest that protecting agninst the
auditory effects of noise does not necessarily prevent the nonanditory effects.
Human duta confirming this couclusion wre needed,

Is there a link between annoyimce and nenauditory physiological response to
noise?

Althongh it is reasonable to view amnoyance as a syniptom or sign of
noise-induced stress, no direet test of this relationship has been made,

NOISE AND THE UNBORN
Can noise affect the fetus?

Physiologically, there are reasons to suspect that naise may alfoet the fotus,
Studies have shown amaternal stress causes constrietion of the uterine hlood
vessels which supply nutrients ind oxygen to the developing baby, Stress may
then threaten fetal development if it oceurs enrly in pregoaney, The most
important period s about 14 10 60 days after conception, During this time,
important developments in the central nervous system and vitnl organs are
taking place, (45) However, it s presently not known whether noise aflects
the fetus in any lasting ways.

Asan example of possible anteomes due to fetal noise exposure, & Japunese
stucy showed # statistical tendeney toward low birth weights in noisy ureas
near a ntajor airport campared to surraunding areas (40), Other intervening
factors that may have contributed Lo this finding, such ps maternnd stress, have
not heen eonfirmed.

The U.S, study in Los Angeles found that, inaddition to greater incidence of
low birth weights, there was also a greater incidence of hirth defeets such as
clefts of the lip or palate, and ¢ maifoimiions, These resuils should be
judged cautiously becanse of many correlutional problems with the data,

On the other hand, a similar stucky on Total birth weight way conducted by
the Center for Disease Contral, (85) This study found that there were no
effects. (18)
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COMMUNICATION INTERFERENCE
EFFECTS
The indirect clfects of speech interference are:

¢ Disturbonee of normal domestic or educational activities
¢ Creation of an undesirable living environment
® Safety hazards
& A source of extreme nnneyance (5)°

Cun high buckground noise levels uffect socinl internction?

For certain individunls who live in noisy areas, the adoption of a lifestyle
that is nearly devoid of communication and seeial interaction can result, IF
noise interferes with their comnumication, they stop talking, ehange the
content of their econversations, talk only when absolutely necessury, or
frequently repeat themselves, (31)

How is communieation intesference important In sufety?

Musking of warning signals and dircctions by other intrusive sounes can be
hazardous, For example, an aitline pilot's reception of an air traffle control
message can bo aflceted by too much background noise. A missed warning in
a noisy steel mill cay result in an aecident, injury, or even death. (47)

Can vigilunce be disrupted by noise?

Yes, listening for particular signals can be hindered by high background
noise levels, For example, a parent working downstairs might be listening for
sounds of a child upstaies awakening from sleep. A nolsy environment could
interfere with this,

Whuat fuctors determine the extent to which noise affects speech communica-
tion?
® LaeaHon {(whethor indeors or gutdoory)

® The attenuation characteristics of the building and internal structures
when Indoors

® The vocal effort and skill of the talkers and listeners
¢ The background noise level and spectram, (5)
* Hearing acuity

Does specech quality liave an effect on speech interference?

1f the talker is imprecise in hisspecch (poor articulation), speaks a different
dinlect than the listener, or speaks softer than mast, lower background noise
levels are required, (14)

]

*References are listed in Section 11, e.g.: (Ref, 5).



Is the duration of the noise @ determinant in speech interference?

Intermittent noises will mask speeely in varinble degrees, lpulse noise in
isolated one-second bursts isunlikely to disrapt much specch communicution
ducto the redundaney of speech, However, as the freguency and duration of
the noise bursts increase, so does the masking effect. {1-1)

Do fluctuating sound levels have uny effect on intelligibility?

For a fixed Ly, sulficient to mask some speech, interference with speech is
greater for a steady noise than for almest all types of environmental noise
whose magnitnde varies with time (flnctoating sound levels). (5)

Whut methods are used 1o characterize noises in respect to their speech-
muking ubilities?
® The Articulation Index (Al), a complex measure which accounts for
the dilferences in masking capabilities of [requencies in background
noise. {81)
¢ ‘The Speech Interference Level (SIL), an arithmetic average of the
octave-hand simnd pressure levels of noise that affect the major
speeeh frequencics {octave band sound pressure levels are centered at
500, 1000, 2000, and 4000 [T}, (92)
& A-weighted somnd level, whicl reflects the sensitivity padtern of the
eitr's response to noise and speech. (14)

Why is the A-weighted sound level u good measure of speech interference
potential of noise?

A-weighting gives the greatest weight to those components of noise that fall
in the frequency range where most speech information resides. It gives less
emphasis to noise in the lower frequencey (300 Hz ar lower) range than does
the overall sonnd pressure level, (5)

How dous the Speech Interference Level (S1L) relate to A-weighted sound
level?

The difference between the two varies depending on the exact spectrum of
each noise, However, by adding 8 dB to Ly values, a good approximation of
the SIL cun be obtained. (92)

What are the appropeinte noise levels to prevent speech inteeferenee with ol
communication?

For outdoors, Table 4-1 shows distances between speaker and listener for
satisfactory autdoor speech at twolevels of voeal effortin steady background
neise levels. In ather words, if the noise levels in Table 4-1 are excecded, the
speaker and listener must either move closer together or expect reduced
intelligibility. This is ulso shown in Figure 4-1.

4-2
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VOICE LEVEL ¥ COMMUNICATION DISTANCE (motorae)

[+5:] 1 2 3 4 B
Narmal Voize {in dB) 12 66 60 565 54 52
Raised Voicu (in dB) 78 72 GG 82 60 o8

Table 4-1, Steady A-weighied sound levels that allow communication with 95 parcent
sentences intalligibllity over varicus distances outdoors for ditferant voice fevals

Source: Rel. 5,
*Assumes normal voice level of 70dB (67 dBA)orraised yoice of 76 dB (73 dBA)

What criterin are used to predict the effeet of noise onspeceb communication?

For indoars, Figure 4-1 shows that un Ly af 50 dB permits virtually 100
percent intelligibility within buildings (5). (}\ given percentage of sentence
mtelligibility, such as 95 percent or 100 pereent, indicates the proportion of

100

o
[=]
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(=]
[=]

=
o

PERCENT SEMTENCE UNINTELLIG
Ly

fav
o

0 —— _/

50 55 60 65 70 75
LEVEL OF CONTINUGUS NOISE CAUSING INTERFERENCE (dB)

Figure 4-1, Criteria for indoor speech Interferenca (relaxed convarsation at greator than 1
meter separation, 45 dB background in Lhe absenca of interlering nnise)
Source: Rel, 5,
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key words in a group of sentences which are correctly hewrd by normale
hearing listeners.)

For ontdoars, Figore 4-2 shows that an Ly, of 50 &3 which also indieates
nearly 100 percent intelligibility (5),

Figure 4-3 shaws appropriate voice levels Innited by ambient noise condi-
tions. Along the abseissa are various measures of noise, along the ordinate
distance, und the parameters are voice level. At levels above 50 dB people
raise their voice level as shown by the “expected” line if communications are
not vital or by the “communicating” line if communieations are vital. Below
and to the left of the "normal” voice line, communications areat un Al level of
0.5, 98 percent sentence intelligihility. At a shout, communicptions are possi-
ble except above and to the right of the "impossible”™ area line, (50)

100

80

60 /

40

m /

0 femmemmmem T
50 5§ 60 65 70 7%

LEVEL OF CONTINUOUS OUTDODR NOISE CAUSING
INTERFERENCE “‘eq)' dB

Figure 4-2, Critaria for outdoor speech interference (normal volce al 2 melers)
Source: Raf. 5.

PERCENT SENTENCE UNINTELLIGIBILITY

44



Pr e pe N

-~

S

T e

H
i
1
[
i

8
7
— FACE-TO-FACE 6
6 CORNICATIONS N
iy AR TNADEQUATE A g
“8)__
E 2 =
Y- :
5 - 12
23 DISTAHCE NOISE AREA b
[T WHERE FACE-TO-FACE i 1, -
COMMUN[CATION IN f" 0.5
1 HORAAL VOIcE 1S | " N
- b i
] | i | : il
1) 40 50 60 70 a0 % 1o

A WEIGHTED SOUND LEYEL
Flgure 4-3, Nacegsary voice lavels as limited by ambient noise for selected distances
betwean falker and |isiener for satisfactory face-to-face communication.
Source: Red, 50, 28,
NOTE: The figuras are based on data from "sentences known 1o listaners.” As a result, thase
lavels may not be complately adequaie in describing tiuctuating noise condilions and would
be conservative astimalas for situations whera communication is unpredictabla.

SPECIAL POPULATIONS

Does the age of ndults have any effect on the ability to diseriminate speech in
noise?

The ability to understand partinlly masked or distorted speech beging to
deteriorate around age 30 and declines steadily thereafter, Genersilly, there-
fore, theolder the listener, the lower the buckground noise must be for normal
commnmieation, (14)

Do people with hearing toss have any specinl problems with regard tospeech
interlerence?

People with hearing losses require more favarable specch-to-noise ratios
than da persons with norl hearing. (14) This means that the difference
between the level of speech und the buckground noise level mmust he greater
for henring impaired individuals than for people with normal hearing. This
can be achieved either by deereasing the backgronnd naoise level or inereasing
the speech level. Increased levels of neise, in relation to the speech signal, tend
to aggravate the adverse elfeets of hearing loss. (48)

What nre the effects of noise on children's communication skills?

Higgh levels of naise reduce the number of conversations and thejr content,
quality, and fidelity. Children have o relative Inck of knowledge of linguage
that makes them less able to “hear” speech when some of the eues are lost,
Repented exposure to high levels of noise in “critical periods of development”
might affect conceptual developnent and the nequisition of speech, ln-
guage, and linguage-related skills like reading and listening. (32)

4.5



Cun reading abilily be affected by high noise levels?
A study based on the rending scores of children in grades two through five
who live in an apartment building showed thnt the noise in and arcund the

building was detrimental to their rending development. The longer the chiled-
ren had lived in the noisy environment, the lower their reading test scores. (66)

Are these effects only importunt st hone?

Stuclies have shown that schools located next to espressways or under
aircraft Might patls also show severe effects on Jearning. For exumple in
addition to the length of the disruptive aireralt flyovers, in many cases,
considerable time is spent relocusing the stadents” attention on the study
materinl, (32)
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PERFORMANCE INTERFERENCE
DETERMINANTS OF INTERFERENCE
What uoise parsmeters affect work performunce?

The tquestion is o complex one and in any particular case, at least four
netors should be kept in mind:

& Charneteristics of the noise
¢ Characteristics of the task
a Aspeets of performance considered importunt

Individual differences

In general, noise is more likely to reduce the aceuracy rather than the Lotal
guantity of work and it affeets complex tasks more than simpler ones, (31)° As
the nolse level increases, both reaction times and numbers of errors incrense,
These effects are more pranounced for eomplex tasks than for simpler tasks.
In faet, for some simple tosks, noise may enhanee performance.

How dous noise exposure intetlere with iuman performance?

Noise often results in a disruption of one's attentional processes, Cues that
are irrelevant to task performanceare dropped out first. [[ attention is further
restricted, then cues that are relevant to performance al the task are elimi-
nated, (96)

Why does performunee sometimes improve during exposure to noise?

Performanee improves during exposure Lo noise when distracting coes are
dropped out, Tusk performanee improves when only relevant primary task
eues are focused upon, (96)

Noise tevels most kely to be detrimental to performanee are:
& Continuous noise levels above 90 dB (A-weighted)

& Levols less than 90 dB (A-weighted), if they have predominuntly high
frequeney components, are intermittent, unexpected, or uncontroll-
able (5}

Does the intermilteney or predictability of the noise play a role in pecfor-
manee interfetence?

Yes, when anoise ocenrs innrandom, intermittent or unpredictable fashion,
errors tend to increase, and greater effort is required to maintain concentra.
tion, Unpredictable noise muy lead to breaks in concentration that are fol-
lowed by compensating inereases in the work rate. Thus, the overall rate of
waork may not berffected, but the variability of the work rate may be. (51, 53)

*Relerances are lisled in Section 11, e.g.: (Ref. 31),




Do high-intensity noises have any speciul effects on performance?
Eliggh-intensity noise such us jot engine noise in close proximity is reported lo

cause nausen, vertigo, uncoordination, fatigue, and mental confusion. These

effects are altributed to vestibular stimulation and to reflexes elicited by

vibration of the skin, museles, and joints, Any of these symptons can giverise

to a reduction in performance efficiency, (52)

Does controllubility of the noiso have an effect on performance?

Nolses that are unpredictable or randomly intermittent tend to bo asso-
ciated with greater decrements in performanee than in continuous noise.
These deerements may in part be explained by the fret that these noises are
perceived by the individual as being unpredictable.

Reeent research (56) suggests that exposure to unpredictable noise muy
result in performance decrements which occur after the noise has censed
(nftereffects),

Does the frequency spectrum of the voise have any effect on performance?
Yes, in general, high frequency noises (above 2000 112) impair performance

more than low frequeneles of the snine sound pressure level, (54)

Does thie meaning of the noise aflect its ability to interfere with performance?

Yes, the meaning of the noise is an important variable, Relevant and mean-
ingful information is attended to, rather than ignored, therchy detrneting
from the task at hand.

What types of tasks can be affected by nojse?
o Tasks that involve eoncentration, learning, or analytic processes

& Tasks where an integral part of performance is speaking and/or
listening.

& Tasks requiring fine musealer movements

& Simuitaneous tasks

8 ‘Tasks which require continuous performance

¢ Tusks including protonged vigilance and few signals

¢ Performance of any tusk that involves auditory signaly

& Tnsks requiring attention to multiple channels (20)

How can noise uffeet learning or information gatliering?

Naoise may compete for the limited number of c¢hannels available for
information liput, When the system is alrendy overloaded, the individual
must tnke more time to evaluate the intruding stimulus, or risk moking errors.
(35)
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Do individuals differ in the extent to which noise may interfere with their
performance?

Yes, Inboratory studies have shown that some people who have been
exposed to noise ire not ahle to perform tasks requiring skills of retention and
attention to detail, These deerements in performance are especially found in
those who are exposced to uncontrolinble or unpredictable noise, (58)

Research has shown that the motivationa] invelvement of the individual
influences the extent that naise will have on performance. (57) Other studies
have shown that personality varinhles, primarily the trait of introversion/ex-
troversion, can influence performmee nnder noise, {58; 59; 60)

Cab noise have cumulative effects on performance?

It has been hypothesized that exposure to noise can produce an actunl
change in the state of the individual that is reflected in failure of sclective
pereeption. This change produces measurable performance decrements, (1)
More errors tend to oceur toward the end of performanee sessions, which also
suggests « cumulative effect by the end of the waorkday. (81)

Can noise have both positive and negative effects on tosk performance?

Yes, depending on the complexity of the tusk, noise may cither improve or
interfere with performance, Tasks that are mechanical or repetitive, and
where gverage levels of performance are sufficient, will seldom be affected,
Moaderate levels of noise can produce heneficial arousal levels during monot-
onous tasks. Tasks requiring madernte effort seem to be unaffected by the
noise, Highly complex tasks requiring attendance to g large number of cues, or
to many cues in rapid suecession, may be affected by noise at all levels of
intensity, (62)

Does noise produce any aftereflects on performance?

Yes, research has shown that noise may preduce adverse performance on
tasks performed after the noise isno longer present, These effects sometimes
ouawr even when performance during noise was not ailected. Altereffects
eppear more likely to occur when the noise has beenunpredlictable or uncen-
tralinble. (58)

Is industriul noise considered o problem in performance interference?

Yes, industrial noise may have the most pronounced effects on performance
including exhaustion, absentmindedness, mentul strain, absenteeisin, tense-
ness, and ireitahility. All of these factors affect worker efficiency. (63) It is
reasonanble to suppose that inereased absenteeism eun come from workers'
psychological aversion to returning each day to an unpleasant, noisy working
environment. The frequency and severity of industrinl Injuries could tend to
be higher in noisy environments because of masking of warning signals and of
increases in momentary gaps or errors in performance, (64)



What is the estimated cost o society of the workplace effects of noise due to
absentecism, nofse-induced industrud injuries, and performunce interferences?

¢ One day per year, worker exposed to greater than B5 di}
& About $350 per worker per day

¢ \Vith 8 million exposed workers, nbout $2 hillion not inclwding work-
men's compensation {64)

Arv children susceptible to performunce effects of noise?

Although there is relatively little laboratory evidence to substantinte per-
formunce degradation, there have been field stucdies which demonstrate that
highnolselevels luive been correlated with poor performanee on reading tests
(85) and auditory discrimination problems (88), These effects were found to
have little to do with socio-ceconomic cliss or 1Q. The significance of these
effects is particularly important for younger children who through lack of
verbal experience need lower noise levels in which to perform in order to
develop the basic skills which contribute to cognitive and langunge develop-
ment,

5-4
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SLEEP DISTURBANCE

Sleep disturbance is one of the mmjor cnuses of annoyance duetanoise. IT it
beenmes n clironie problem, sleep distirbanee may potentially lead to health
disorders. (67)°

EFFECTS OF NOISE
How doces noise intesfere with sleep?

Noise, of course, can make it difficult to fall asleep, Noise levels ean ereate
momentary disturbances of natural sleepr pattems by causing shifts from deep
to lighter stagges. Noise may even canse avwakening which the person may or
may not be able to recall. (14)

Is the sleeper aware of all of his bodily reaetions to noise?

He can be conpletely unaware of being affceted bt ean havea disruption
of tatal sleep quality nevertheless, Subjects aften forgel and underestimate
the number of times that they swaken during sleep. {(88) Loud noises can
continue to awaken or arouse the sleeper, hut they may beeome so familine
with the sounds that they return to sleep very rapidly,

What ave the indirect effects of sleep disturbanee?

A person whaose sleep has heen disturhed severely may feel lethargic and
nervous during his waking hours and may be wnabile to perform ot his usual
level of officiency. (68)

FALLING ASLEEP
What noise levels can delay fulling asleep?

At levels of 40 to 50 dB {A-weighted), some subjects have reported diffi-
culty in falling asleep, frequently taking over an hour, The nnmber of subjects
having diffleulty increases ns the sound level inereases, (14)

AWAKENING
Whut noise levels can cause nwakening?

Studies have shown that at levels of 70 dB {(A-weighted) or above, beliav-
ioral nwakening® will most likely oceur, (14)

Do noises lusting a long period of time awaken more people than shorter
noises?

The tempornl pattern of exposure (i.e., short or long durntion) has a major
effect on awakenings due to noise, Short signals huve to be muaeh higher in
level to awnken as iy people as a longer, steady noise, (93, 88)

*References are listed in Section 11, a.p.: {Ref, 67).
‘Behavioral awakenlng means a specific motor ar verbal response {68).
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Are all sounds equally effective in awakening people?

Notall spunds of the sume level are equally capable of awakening people.
‘The cliuracter of sonte sounds canses them toawaken more peaple than other
sounds of the sume level, {68, )

Daes the buckground noise enviconment in which people are necustomad to
steeping adfect the nmumber of nightly nwakenings due to noise?

People living in higher background noise neighborhonds tend to awaken
less than people living in quicter background naise neighborhoods. (65, 94)

Do people awaken more al some times of the night thun at others?

The awakening effects of noise appear to be related to the time of ocene-
reneeaf exposure during the night. The probability of awakening to noises of
the sume level is slightly lower within two hours after retiting than when it
oceurs luter in the night, (68, 84)

ARCUSAL AND SUB-AWAKENING EFFECTS
Whut stnges of sleep does noise alfeet?

Lahoratory subjects appear to be most sensitive to acoustic stimuli during
the mare shallow stages of sleep. A person typically goes through a eyele of
sleep which becomes progressively deeper, and the stages of this eycle may
vary in lengeth of time, These stages are reflected in EEG mensurements, [1eart
rate changes, vasoconstriction, respiration changes, electrodermal activity,
and mator responses are all sensitive to noise during sleep, (68)

CRITERIA FOR SLEEP DISTURBANCE

Do criteria for sleep disturbanee include shifts in stuge of sleepand behavioral
awukening?

Examples of criteria pertaining to sleep disturbanee arve displayed in Fig-
ures 6-1 and 6-2, These figures, which were adapted from a sumngry and
smalysis of recent experimaontal sheep duin ug reinred to noise exposure (31,
show a relationship between frequeney of response (distuption or awaken-
ing) and the sound level of an intrusive noise, In Figure 6-1, the frequency of
sleep distuption (as measured by changes in sleep stage, including belnvicral
awakening) is plotted as n function of the Sound Exposure Level, a time-
integrated mensure referenced to s one second duration. Similurly, the fre-
cquency of awakening Is shown in Figure 6-2, Thus, Figures 6-1 and 8-2 show
that the probability of two types of sleep disturbance, within certain statisticul
limits, may be predicted by physical indices of noise exposure,
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How daes sleep disturbanee vary with noise level?

Generally, the higher the noise level the greater the probability of a
responses (68) Thiessen found that there wis a 5 percent probability of
subjects being awnkened by penk levels of A3 dB (A-weighted level) and o 30
percent probability at 70 dB. [ EEG changes ure also considered, these
probabilities inerease to 10 pereent at 10 dB and 60 pereent at 70 dB. (89)

Do the number of neise peaks huve any effect on the ability of the noise to
interfere with steep?

If the number ol sound peaks increases, the persen will tike longer to fall
asleep even if the average sound level decreases, (14) However, continunous or
very frequentnoise throughout the night, everas high as 05 dB (A-weighted),
appenrs to cause little change in the average duration of the sleep stages, since
such stages are disturbed more by peaks that vary widely from the hack-
ground ambient level than by high continuous levels alone. (68)

Dous the quality of the soundd have any effect on the ability of noise to
interfere with sleep?

Inherently meaningful sound such as one’s mme or sound that acquires
meining by instructions or eonditinning can awsken a sleeper at lower inlensi-
ties than those requuired formenningless or nettral sounds, Unfaniliar sounds
may awaken people at o lower level than familiar ones, {68, 70}

Are the sex and age of the sleeper factors in disturbance of sleep by noise?

Several investigntors have reported that middle-aged women may be less
sensitive to nolse during sleep. (69) In general, though, the older the subject,
the maore likely he is to respond to noise while sleeping. (68) Young children,
on the other hand, appear ta he less al feeted by noise inall stages of sleep. (70)
Does the amount of Hme asleep affect the response to noise?

Arousal is more likely to ocenr after longer periads of sleep. (T1)

Does sleep deprivation huve an elfect on the disturbance of sleep by noise?
Sleep after prolonged periods of sleep deprivation consists af increased
time in stages Delta and REM. This cnuses an ingrease in the thresholds for
arousal and stage change. (68) Overall, sleep-deprived individunls require
moreintenso anditory stimuli to wwaken than do normally rested persons, (71)
1s sleep disturbunce by noise seen as g problem by the poapulation in general?
Survey datashow that sleep disturbance is often one of the principal reasons
given for noise annoyance, (14)
Cun sleep disturbunee cause long-term problems?

Sleepyis thaught to be a restorative process during which organs of the body
renew thedr supply of energy and nutritive elements, Since noise ean disrupt
the sleep process, it may take its toll on health, (14}

6-4
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SUBJECTIVE RESPONSE

Conelusions coneerning the Fuctors that determine an individual's snbjee-
tive, psycholngical response to noise are difficult to derive since individuals
vary so much in their rexction to noise. Clearly, more researeh is needed to
nssess this camplex topic fully.

MENTAL, PSYCHOLOGICAL EFFECTS

Wit kind of mental or psychological effects can ocear with excessive noise
exposure?

Excessive noise exposure can hring about o wide variety of psychologienl
responses orsymptoms in the individual, A person may responed with anger, or
experience sympioms such ns anxiety, irritability, and/or geperal emotional
stress. Noise may negatively affect work perfermance beeause of redueed
waorker morale and motivation. Distraction and poor judgment may result
from mental fatigne, (14)°

Is excessive noise exposure related to mentul ithess?

The auswer to this remains unselved. Studies have shown that residentinl
areas exposed to high noise levels may have u higher incidenee of mental
illness umonyg their residents; however, the evidence is inconchisive. One
study that examined admissions of residents near London's Henthrow Airport
to a psychiatric hospital suggests that the prevalence of menind problems was
higher in the population nearest the nirport (90}, On the other hand, & Swiss
study lookingnt the mental health status of residents near three Swiss airporis
found no significant relationship between minor psychiatric illness and noise
exposure.

What physical qualities of noise aflect u persan’s subjective response?

The physical atiributes of noise that ecan affect an individual’s subjective
reennnse inchides apparent londness or intonsity, spectial shape, presence of
discrete fregquency components, abraptness or impulsiveness, intermitteney,
duration, and temporal variations. {14)

Besides the physical attributes of the nolse itself, what other aspeets of the
exposure situation affect the individuals response®

Among the fuctors that affect an individual’s response to noise are contex-
tual factors such as: the time of day, the activity interfered with, the ability to
conlrol the souree, and the information content of the noise. Response muy
also be affected by persanal factors such as previous experience with noise
exposure or socio-ceonamic and educational siatus, (14, 4, 9)

*Aeferances are lIsled In Section 11, e.g.: (Ral. 14},



What is the best weighting system (o use for analysis of individua subjective,
psychalogicul response?

In mnst eases, the Aswvelghting seheme can be nsed to study individual
response to noise. Figure 7-1 shows how the A-weighting network on nsound
level meter diseriminates sounds at different frequencies compared to the B
and C-weightings. A recent study has indicated that the I3 and £ weightings
generally perform somewhat hetter than A-weighting.  Computational
schemes, such as Stevens” Mark VI and Mark VII oudness calenlation proce-
dures, Zwicker's loudness caleulation procedure, Perceived Noise Level, ele.,
are typically superior to the frequencey weightings, In the long run, however,
nane of these other weightings or ealeulation schemes need to displice the
simple A-weighting which has the ndded advantages of vase of use, public
aceeptance, and reasonulile necoraey. (73)
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Figura 7-1. Frequency rasponses for sound level welghting characleristics,

What is meant by the terms “phon” and “sone,” and what is their application to
subjective response?

Plions and sones are used to measure or rate loudness (the subjective
impression of the magnitude of a sound}. A phon is the unit of loudness level,
It is intended to be equivalent to the decibiel level of a 1000 Hz reference tone
judged equally loud 1o the sound heing evaluated, Figure 7-2 shows equal
Ioudness contours as a function of frequeney which demonstrates therelation-
ship hetween loudness level (in phons) and intensity (in deeibels),

The sone is a linear mensure of loudness, The londness of one sone equals
the loudness of a 1000 Hz tone at 40 dB sound pressure level, A sound judged
to be twice as loud as a 1000 Hz tone at40 dB equals 2 sones; halfas lowd, 1/2
soue, efe, Generally, an increase of 10 dB is equivalent to a doubling of sone
value, and the judged londness, Fhe Stevens method and Zwicker procedure
both caleulate sone values of complex wide band sounes,
=0

(1
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Are there uny particulis noises that are more annoyiug than others?

Sounds of 2 KHz or higher {especially those with discrete frequency com-
ponents) are generslly the most annoying and disruptive, nlthough noises that
are alwupt, intermitient, or fluctuate with tine ean be very annoying as well.
{14) In general, the louder the nelse the maore anmoying it is lkely to be, (14)

Are there sy special populutions that are purticularly annoyed or bothered
hy noised

A number of variables may affect individual susceptibility to noise. These
include personulity factors, psychological Factors, state of health, ete. Special
populations that are particulurly sensitive have not been identified, however,
and research needs to be performed to fentify these gronps, if any.
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Does personality play a role in individual response to noise?

Socinl surveys have indieated wide individual varations in response to
noise. It appears that personality does play some part in g person's subjective
response tonoise, nlthough the exact nature of the relationship is too camplex
lo assuss readily. Some studies hove concluded that thase with a (aiely high
level of ernpathy, intelligence, and creativity may he more sensitive ta noise
than most. (75)

How do individuals alter their behavior in order to cope with noise?

Peaple may cither take direct physical actions or make indirect mental
adjustments to cope with nofse. For example, people may spend less time
mutdoors, keep their windows elosed, take sleoping pills, use carplugs, spend
less time talking and socializing, or complain to gavemment officials. On the
other haud, they might direct their anger at a noise inwnrd and blime them-
selves for being hothered by it They may perhaps deny there is a problem
and attempt to stop responding emotionally to it. They may even project their
anger at a nofse source to n person incidentally associated with it, (76)

Can nofse cause an individua! to exhibit anti-social behavior?

Noise can cause people to exhibit such anti-social behavior as aggression
and violence, though they wonld not normally do so. Certiin extreme inci-
dents that have been reported, for exanmple, include o business excentive
shooting at nearby waler-skiers; or o usually guiet, night clerical worker
shooting and killing a child playing outside his apartment. Both examples
provide anecdotal ustretions of effects on hehavior presumably attributed
to noise, (14) There also have been lnb studies which show that excessive noise
muy reduce social interaction, social responsibility, and verbal disinhibition,
diminish helping behavior, and fnercase aggressive response, (77, 78, 79)

Can naise lend to reduced sociul internction and enjoyment?

Besides the obvious impairment in social interaction nssoelnted with noise.
induced hoaring loss, Heine in g nojsy environment may lead to what could &
referred to as a noncantmunicative life-style. Uhis is a life-style in which social
mteraction is aveided and communieation is minimized due to noise interfer-

ence, (31}
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COMMUNITY RESPONSE

This section concerns nverage communily respamse Lo noise as determined
by community surveys, and other mensures of annoyanee such as complaints,
How does noise annoy?

Noise by definition is unwanted sound, It is an intrusion on one's sense of
privacy. Noise can be an emolional strain-and a source of great frustration
when the noise is beyond a person’s control, Noise may interfere with o broad
range of human activities, the overall effect of which is ta cause annoyunce,
Sueh uctivities include:

1. Speceh communication in conversation und teaching
2, Telephone eommunication

3. Listening to television snd radio broadoasts

1. Listening to music

o

. Concentration during moental activities
4. Reluxation
7. Sleep

To what degree does noise enuse neighborhowd dissatisfaction?

The HUD Aunual Housing Survey (1975, 1976) indicates that noise is the
mas| frequently cited undesirable neighborhood condition, surprisingly rank-
ing higher than erime. Noise is often given as the reason for residents wanting
to mave from their neighborhoods, (4)°

Huow is community response measured?

Community response to noise is usually studied throngh social surveys, A
number of social surveys have been conducted worldwide to determine the
extent of the noise prablem as well as to assess the response of peopie to
specific nolse sources, These studies attempt to predict, on an aggregate basis,
the degree of annoyance or other effects that can be expected by the commmun-
ity at varying noise levels. The average response of the community is used
because it is very difficult to predict the response of any given individual,

*References are iistad in Section 11, e.g.: (Rei. 4),
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Are compluints 2 good indicator of the communily noise problem?

Another way of assessing community response is thraugh complaints and
legal actions, However, muany other economie, political, and soeial factors
influence the filing of complaints. So the quantification of complaints cannot
be used as defInitive expressions of ecommunity response. Figure 8-1 shows the
carrelationof community campluint reaction to naise after the noise exposure
has been adjusted for factors such as time of year (windows open or closed),
curation and Trequency of intruding noises, presence of pure tones or
impulses, cte,
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Figure 8-1, Combined dala from community case studias adjusted for conditions of
8KposLre
Source: Aef. 5

Why is“percent highly annoyed” used as an index of community annoyunce?

The use of the percentage of expoesed persons who rate themselves highly
annoyed Is used heeause it is the maost stuble indieator of annoyance. Persons
whao perceive thewr noise exposure as an extreme annoyunee huve fitie diffi-
culty insorting their feelings out from other non-acoustic variables which tend
to scatter responses on surveys which try to determnine the mediom community
response. Beeause the highly-unnoyed individual exhibitsa definitive response,
 elearer and more menningful relationship belween outdoor noise exposure
and annoyance can be seen through this index, (80) By looking at this index,
ane also has aniden of the magnitude of the annayance problem by looking at
the worst case. Nevertheless, it should be recognized that many more people
are annoyed, it to a lesser extent, than would be indicated by the deseriptor
“highly annoyed.”

What, if any, distinetion should be made between individual and collective
response?

It should he kept in mind thit commmnity response to noise is basod on
statistical averages since it is known that response lo noise varies groatly
amaong individuals.
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Based on the Levels Document, what is the relutionship between annoyance,
compluints, and communily renction as a function of day-night sound levels?

According to the EPA Levels Dacument, {3) approximately 17 pereent of
the population will he highly annoyed atan Ly, of 55 A8, and over 40 pereent
of the population will be highly annoyed iP the Lg, exceeds 70 dB, the
maximuy safe level EPA has identified to protect against o risk of hearing
Joss, The relationship between noise and annoyance given in the Levels
Docinnent is hased largely an the results of surveys around wirports, These
estimates have been criticized beenuse aireraft noise is not present in many
urban areas, Complaints ocenr 8t a muach lower rate than amoyanee, and
generally do not hecome evident until the noise levels are rather high. At an
Lp of 70 dB, approximately 10 percent can be expected to complain, while
25 to 40 percent of the population will be annoyed. At an Ly, of 55 dB,
complaints are expected to be almost non-existent. Vigorous community
action can be expected as the Ly, exceeds 70 dB,

What is the latest eriterin showing the extent of community anpoyancee that
cun be expected from given levels of noise?

Schulty (803 synthesized results from 19 social surveys of annoyance and
found a remarkahle eonsistency. The synthesized data yields n somewhat
different result from that relationship depicted in the EPA Levels Docoment,
Figure 8-2 fram Schinltz shows the close elustering of annoyance curves from
many transportation sources. Generally, data synthesized from prior soefal
surveys on noise as displayed in Figure 8-2 indieate that very few people (on
average three to four pereent) will be highly annoyed by noise at or helow o
level of ahout Ly, = 55 1L However, ahout 18 percent of the population will
be highly nnnnye(‘i by naise at about o fevel of Ly, = 65 dB; 25 percent of the
population will be highly unnoyed at Ly, = 70 dB: and 37 percent of e
population will be highly annoyed as the noise level reaches Ly, = 75 dB.
Twenty to 30 percent of the population is upparently impuriunhrl]u and nat
bothered even by high noise levels. (81) The Committee on Hearing, Bioa-
coustics, and Biomechanics has indicated that these data are up-to-date and
has ineluded them in its gidelines for enviranmental impact statements on
noise. (81)
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Are there other mensures which are considered good predictors of commun-
ity annoyance?

"The Urbun Noise Survey found that activity interference (of speech, sleep,
ete.}is o goad predictor of nnmoyance, Speech interference is one of he most
widely percejved effects of environmental noise. Another predictor of com-

1 munity annoyance is populition density. Higher population density areqs
‘ generally have higher noise levels, thus the annoyance is grenter. {62)
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What other fluctors may influence personal reaction to noise?

; Social surveys have shown that the following fuctors may contribute to
: cormunity mise annoyance:
y 1, Fearussocinted with netivities of noise sources (snelas fear of crashes
§ in the case of airernft nolse)
A
' 2, Socineeonmnic status and education level

3. The estent to which & community’s residents helieve that they are

“' heing treated fairly

“ 4. Attitude of the community’s residents regarding the contribution of
) netivities associated with the noise souree to the general well-heing

! 5. Theostent to whieh residents of the community believe that ihe noise
j sonree eould be controlled (14}

;

]

; RESULTS FROM THE URBAN NOI{SE SURVEY

i A total of 2037 people (762 men, 1275 women) were interviewed for this

survey, Twenty-four sites were seleeted to represent arens with different
: noise levels md population densities, Sites where either aireraft noise or
; highway noise predominated were exeluded,

. How does noise exposure relate to general neighborhood satisfaction?

Comparing responses from people in high noise exposure areas (mean Ly,
=70 dB) and bw noise exposurearcas (meun L, = 54.6 dB), it was Found that
34 pereent fewer peaple in the high exposure areas deseribed their neighhor-
hood us an escellent place to live, and 24 perceat more people in these areas
deseribed thelr neighborhood as anly satisfactory, Seventeen pereent more
people in thehigh exposure areas responded that they had been annayed hy
noise, (82)

gt L R

Ly e v

_ Whaut was the relutionship between noise level and annoyanee shown by the
H survey?

: Nuise Level (L) Percentuge of Population Annoyed

55 7
ik a0 12

. 85 17

' 70 23

(82)

How does papulation density affect community response to noise?

High populition density is usually assoctated with higher noise levels, It is
not surprising then that people n high density arens are more annoyed by
noise than people in low density areas. In the Urban Noise Survey, respond-
ents living in high density arens reported 20 pereent morelistening interferen-
: ces, nine pereent more eonversation interferonces, and nine pereent more
sleep disturbances than respondents in low density areas, (82}
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Cun soctoeconomic status be related to onnoyanee from noise?

Generally, people inupper income hrnckets arc less likely to beannoyed by
noise beeanse they ean be more selective in deciding where to live. Since
peace nnd guiet areimportant selection fretors, the wealthy are more likely to
reside in quiet neighhorhoods and therefore can avoid annoyence from nolse,

How does the time of duy, senson, loeation {indoors or ontdoors) affect
community response o noise?

In relatively noisy areas, where the Ly, execeds 60 dB, people consider
noise ta be more obirusive in the evening und night hours, People are more
annoyed by nolse inthe summer, presmnably becanse windowsarc open, and
there may be additional nnise sources such as air econditioners and Inwnimow-
ors, The results of the survey also show that people are more pnnoyed by noise
indoors than nutconrs, (82)

What are some of the nujor conclusions drawn from this suevey?

* [ixposure to nolse typical of many urban (non-nircraft and non-
highway) envirouments produces widespread annoyanee, speech
interference, and sleep disturbance,

& A stropg relntionship svas demonstrated hetween exposure level and
the proportion of 4 community highly annoyed by noise.

& The prevalence of speech interference is an espeeinlly good predictor
of nnnoyance.

& Population density is an inportant correlate of noise exposure,

¢ The number of complaints shout neise is a poor predictor of the
prevalence of annayance.

& Demogruphic fuctors plone are relatively poor predictars of noise
annoyance.

¢ Freedom from noise exposure is o component of neighborhood satis-
Faction, and quict is highly valued.



HEALTH AND WELFARE ANALYSIS

What methods are used to ascertain noise impaet sl predict the benefits of
implementing noise reduction messures?

Anumber of current state-of-the-art criterin of noise ef feets on peaple may
be employed to gange the impact of noise and the henelits to be gained by
reducing noise, Criterin in genceral use are those representing the amount of
annoyance to be expected at different levels of noise, the patential for inter-
ference with speech eommunication, and the probability of disturbed sleep
due to noise. This is not to sy that other noise effects do not ocenr, There are
indications of the presence of inany aother effeets of nolse, However, cause-
effect eriteria have not been derived for these other effeets, aud knowledge ks
generadly insufficient for health and welfare unalysis purposes, Nevertheless,
the criteria for general ndverse response (annoyanee} may be used as o hasls to
infer these remaining effects of noise on people. (8, 81)

What is “Level-Weighted Population” und how is it used?

Level-Weighted Population (LWP) {81) expresses both the extent and the
severity of a noise impact, The extent of impaet refers tothe number of peaple
who are adversely nffected, while the severity represents the degreetowhich
each person s sffected. LAWP provides a simple, single number nsed to
compare benefits of different noise reduetion options,

It has been determined that an ontdoor L, value of 55 dB (or an indoor
Ly of 45 dB) represents the lowoer threshold of noise jeopardizing the health
and welfare of people. In the range above these levels, nolse may be ieanse of
aclverse physiologieal and psychological effects, These efTects olten result in
annoyance and community action. Noisenbove Ly, 75 dB may, intime, cause
hearing loss and the possibility of ather severe I:cuf!h effeets.

The computation of LWP allows ane to combine the number of peaple
feopurdized by noise above an Ly, of 35 dB with fhe degree of impuct at
different noise lovels. Figure 81 is o pictorial representation of the LWP
concept. The cirele is a noise sonree which emils noise to a populated aren
represented by the figures, The varions purtinl mnounts of shading represent
various degrees of purtial iinpeet by the nofse. Note that those people closest
o tho noise source are more severcely threatenod, The partis] impacts are then
summed to give the equivalent noise ingpact, In this example, sis people who
are wdversely affected by the noise {partinlly shaded) results in a Level-
Weighted Population of two (totally shaded).

*Relerences ara listod In Section 11, a.g.: {Ral. 8).



Figure 8-1, Level waightad populalion: A mathod 1o account for the extant and severity of
naoise impact.
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SUMMARY OF HUMAN EFFECTS FROM VARIOUS OUTDQOR NOISE

LEVELS

The following five tables present information on the possible effects on
people caused by outdoor-day-night noise levels of 55, 60, 65, 70, ancd 75

deeibels,

Summuey of Human Effects for Quidoor
Day-Night Sound Level of 55 Decibels

Type of Effcct
Henring Loss

Risk of nonauditory disease
(stress)

Speech®® — Indoors

— Outdoors

Iligh Anmoyance

Overt Community Reaction

Attitucles Towards Aren

———————

* and ** See the notes on pago 10-6.

Magnilude of Effect

Will not ocenr

e

No disturbanee of nornal conversa-
tion, 100 pereent sentence intelligibility
(average) withn 5 dB margin of safety

Slight disturbanee of normal voice or
relased conversation with 100 percent
senfenceintelligibility (average) at .35
meter

or

99 pereent sentenee intelligibility (aver-
uge) at 1.0 meter

or

95 percent sentence intelligibility (nver-
age) ut 3.5 metors

Depending on attitude and other non-
aconstienl factors, approsimately d per-
cont of the popalation will he highly an-
noyed,

Nane expecied; 7 dB below level of
significant “compluints and threats of
leganl action,” but at least 16 dB below
*vigorous action” (uttitudes and other
nem-nenustiont factors may modify this
el fect)

Naise considered no more important
thun various other envirommenta] fae-
tots

10-1



Summary of Human Effects for Ouldoor
Day-Night Sound Level of 60 Decibels

Type of Effect
Hearing Loss

Risk of nonauditory health
effects (stress)

Speech®® — Indoors

— Outdoors

High Annoyance

Average Community Reaction

Attitudes Townrds Aren

*and ** See the notas on page 10-6.

10-2

Magnitude of Effect

Will not oceur

No disturbance of normal conversu-
tion. 100 pereent sentence intelligibility
{uvernge) with no margin of safely

Moderate disturbance of normal voice
or relaxed conversation with 100 per-
cent sentence intelligibility (average)
ut 0.2 meter

ar

49 percent sentence intelligibility {aver-
age) at 0.6 meter

or

93 percent sentence intelligibility (aver-
age) at 2 meters

Depending on attitucle and other non-
ncoustion] factors, upproximately 9per-
cent of the population will he highly
annoyed.

Slight to moderate; 2d8 below level of
significant "complaints and threats of
legul action,” but at least 11 dB below
"vigorous action” {attitudes and other
non-acoustical factors nuy modify this
effvct)

e r e rlassmpn
Neisg mny be considered on adverse
1

\
nay b
aspect of the community environment.
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Summury of Human E{fects for Outdoor
Day-Night Sound Level of 85 Decibels

Type of Effect
Hearing Loss

Risk of nonauditory health
effects (stress)

Speech®® — Indoors

— Outdoors

High Ammoyance

Average Community Reaction

Attitudes Towards Aren

*and ** See the notes on page 10-B.

Mugnitude of Effect

Will not necur

Slight disturbance of normal conversu-
tion 99 percent sentence intelligibility
(average) with a 4 dB margin of safety

Significant disturbance of normal voice
or relpxed conversation with 100 per-
cent sentence intelligibility {average)
at 0.1 meter

ar

99 percent sentence intelligibility (aver-
age) at 0.3 meter

ar

05 pereent sentence intelligibility (aver-
ngra) at 1.2 meters

Depending on attitude and other non-
acoustical fuctors, approximately 15
pereent of the population will be highly
annaoyed.

Significant; 3 dB nbhove level of signifi-
cant “complaints and threats of legal
action,” hut at least 7 dB below “vigor-
ous action” (attitudes and other non-
geousticnl factors may madify this
cffect)

Noise is one of the important adverse
aspects of the community environment
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Summary of Humuon Effeets for Outdonr
Duay-Night Sound Level of 70 Deciliels

Type of Effect
Heating Laoss

Risk of nonnuditory health
effects (stress)

Speech®® — Indoors

— Outdoors

High Aunoyance

Avernge Community Renction

e Altitedes Towards Area

—_——
"and ** Ses the noles on pape 10-6.

104

Magnitude of Effect
Will not likely nceur

Slight disturbunce of normal conversa-
tion approsimitely 99 percent sontence
intelligibility (average)

Signifiennt disturbance of normal volee
or reluxed conversation witl 100 per-
cent sentence intelligibility (average)
possible only at distances Jess than 06
meter

ar

949 pereent sentence intelligibility (uver-
ape} al 0.2 meter

or

85 pereent sentence intelligibility Giver-
age) at 0.6 meter

Depending on attitude and other non-
acoustical factors, approximately 25
pereent of the popuintion will Dehighly
annoyed,

Severe; 8 dB abave level of signifieant
“eomplaints and threats of legal uction,”
but at ieast 2 dB helow "vigorous
action” {attitndes and other non-reons.
tien! factors may modlify this effeet)

Nofse is one of the mast importunt
aclverse aspeets of he community en-
vironment
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Summury of Humun Effects for Outdoor
Day-Night Sound Level of 75 Decilyels

Type of Effect Magnitude of Effect
Hearing Loss May begin to oceur in sensitive indi-
viduals, depending on actual noise
levels reccived at-car,

Risk of nonauditory health i
offects {stross)
Speech®® — Indoors Somedisturhance of normal conversa-

tion. Sentence intelligibility (avernpe)
upproximuately 88 pereent

— Ontdouors Very significant disturbanee of norigl
vaice or relaxed conversution with 1K)
percent sentenee intelligibility not pos-
sible at any distance

ar

99 pereent sentenee intelligibility faver-
age) at (b1 meter

ar

95 percent sentence intelligibility (aver
uge) at 0.4 ineter

High Annoyance Bepending on attitude and ather non-
acoustienl factors, approsimately 37
pereent of the population will e highly
annoyed,

Averpge Community Reaction Very severe; 13 dBb above level of sig-
nificant “complaints and threats of
legal action” and at least 3 dB above
“vigorous action” (attitudes and other
nun-neoustieul factors may minclity this
effect)

Naise islikely to be the most important
of nlladverse aspects of the conunup-
ity environmoent

Attitucles Towards Aren
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The following notes shanld bekept in mind when examining the preceding
five tables:
® Research implicates noise ns a factor producing stress-related health
effects such as heart disense, high blood pressure and stroke, uleers and
other digestive disorders. The relutionships between noise and these
effects have not yet heen quantified, however,

The speech effects data in these tables are drawn from the Levels Docu-
ment (5), ay follows, Indoor effects are based on Table 3, and on Figure
-1, with 15 dB added to the indoor level to obtain the outdoor rend ing.
Outdoor effects come from Figure 13-2, using Ly (as determined with
Figure A-T). Both Figures D-1 and D-2 are hused on stendy noise, not on
Lgg. Table 1D-3 shows that for fluctuating noise the average percent
interference is lower than for steady noise of the sane Ly, The values
_given in this report are the best estimates of the interference,

NOTE: Outdoorspeech intelligibility estimates assume 70 d B (67 dBA) level
of speech.

L
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AAOO (American Academy of Ophthalmology and Otoluryngology)
Henring impairment comnpensation formula, 2-23

ABC Network
Flarris survey, 1.1
AMA (American Medieal Association)
Flearing impairment compensation formula, 2-23

Absenteeism — see Workplace
Accidents — see Safety

Acoustic Reflex
Defined, 2-8

Adrenalin

Part of stress syndrome, 3-1
Aftereffeets

On performance, 5-2, 5-3

Ape
Hearing differences, 23
Effect on hearing loss, 2-11 to 2-12

Air Conduction
Testing, 2-3, 2-4
Alreraft Noise
As source of neighhorhood dissatisfaction, 1-1
Papulation exposed to, 1-1 to 1-3
Relation to eardiovaseular problems, 3-3, 3-4
Possible fetal effects, 3-7
Relation to mental illness, 7-1
Relation to mortality rates, 3-8

Airport Noise — sce Aircraft Noise

Annoyance
Neighborhaod dissatisfection, 1-1, 8:1
Populntion aunoyed, 1. to 1-2
Population severely nnnoyed, -2
As ¢ function of Ldn, 10-]
Survey results, 8-1, 8-2 10 8-8
LEffects of noise quality, 7-3
Means, 8-1
Predictors, 8-2, -1 to 8.8
Relation to seciceconomie status, 8-6
As psychological response, 7-4
Fram sleep disturbance, -1, 6-4
Schultz curve, 8-3, 84
Special populations, 7-3
As index of community reaction, 8-3
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Annual Housing Survey
Findings, 1-1, §-1

Antisoctal Belavior
As stress elfeet, 7-1

Arousal Response ~ sve also Startle Neflex
Defined, 3-1

Articulution index — see Communication Interferonce
Attilndes — see wlso Annua! Housing Survey Urhan Noise

As o function of Ly, 1041 10 1046

Audiogriin — see also Hearing, Measurement

Sample, 2-4

OSTIA requirements, 2-20 to 2.99

Tynes of uses, 2.22 1 2.2
Aucliometry — see Audiogram

Hearing Measurements

Awricle — see Eur Function
Automohile Noise — see Traffic Noise
Autonomic Nervaons System

In physiologicul response, 542
Awakening — see Sleep Disturbanee
Babies — see Fetus
Bulinee — see Vertigo
Benefits — see alsa Compensation

Of regulations, 9-1 to 9-2
Birth Defcets

Passible link with neise, 31, 5-T

Effeet on hearing, 2-5

Birth Weights
Low birth weights, 3.1, 3.7

Budgets — see Costs

Blaod Pressure
Arowsal response, 3-1
Vusovonstriction, 3-2
Hyperension, 3-1 10 3-5
In Inboradory animals, 3-4
Pressure changes as stross effect, 3-3

Rone Conduction
Thresholds, 2-3
Testing, 2.5

CHABA
Guidlelines, 2-10 to 2-11, 8-3

Cardiovascular Disease
As stress effect, 3-1
Relationship to noise, 3-3 t0 3.5
12-2
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Cuar Noise — see Traffic Naise

Census [urenn — see Annual Housing Survey

Center for Disense Contral

\ Fetal hirth weight studies, 3-7
4 Children

] With henring loss, 2-6

3 Effects during sleep, 8-1

H Physivlogical stress efTects on, 3-4
2 Performance interference, 5-4
: Cholesterol

: Relution to noise, 3-3

i City Naise — see Urhan Noise

3

!

Cleft Palates — see Birth Defects
3 Coclilea — see Ear Function

: Colitis — see nlso Digestive Disorders
i As stress effect, 3-1, 3-5

i Communicalion Interference
In general, Chapter 4
As it function of Ldn, 10-1
Resulting from hearing loss, 2-15 to 2-18
o Indirect cffects, 4-1
i L ; Effects an social interaction, 4-]
o ‘ . 1 Effects on sufety, 4-1
Effect of speech quality, -1-1
i FFactors of extent, +4-1
! Criteria, 4-3 to 4-5
: Articalation index, 4-2
J Eflects of temporal quality, 4-1 to 4.2
f Speech interference lovel, 4-2
Best weighting scale, 4-2
Prolective levels, 4-2 to 4-0
Intelligibility, 4-2
G Relrting to cornmunity response, 81
v Effects on children, 4-5 to 4-8
_ f;f Effect of nge, 4-5
i . C From hearing loss, 4-5
Community Response
3 In general, Chapter 8
As a function of Ldn, 10-1 to 10-6, 9-1
Relating to activity interference, 8-1, 8-5

- Neighborhood dissatisfaction, 1-1, 8-1, 8-8

i Number of people at various exposure levels, 1-2 to 1.3
: Opposed to individual response, 8-2

} Synthesized data, 8-3 to 8-5

Relation to complaints, 8-3, 8-5 ta 8-6
Camparison of Levels Docement and prior survey data, 8-3 to 84

" 12-3



Community Response (Continued)
Relation to population density, 8-5 to 6.6 s
Relation to contextual factors, 8-5 to 8-9
Index of nmnoyunce, 8-2
Socioeconomie factors, 8-6
How measured, 8-1
Criterin, 8-3t0 8-5

Compensation ;
Henring impairment formulas, 2:23 to 2-24 !
State policics, 2-23 to 2-24
Why paid, 2.23
Use of sudiograms, 2-22 tn 2-23
Legal terms, 2-23

Compensation Formulas — seo NIOSIH

Complaints — see also Commmity Response
At various noisc levels, 8-21o 8-5
Predictive value, 84

Conductive llearing Loss
Defined, 2-4 )
How determined, 2-5 i’
Causes, 2.5 i

Congenital Problems — see Birth Defects

Fetuos

Contextual Factars — see also Psychological Response

Relation to comnumity renction, 8-6

Controllability
Etfect on response, 5.2 J
Coping Behnvior :
From excessive exposure, 7-4 |
Coronary Disease — see Cardiovnscular Disease ;
Cartiscl :
Increases in levels associated with noise, 3-4 ,
Costs [

Of cardiovascular disense, 3-3
Of work disruption, 5-4

Criterin
For nonauditory effects, 33
Hearing loss, 2-18 to 2-19
Speech interference, 43 10 4-5
Sleep disruption, 6-2 to 8-
Stencly state noise, 2-19
For impulse noise, 2-10
Sumnmary tables, as a funetion of Ldn, 10-1 to 10-5

124



Daily Noiso Exposure
Hypothetical, 1-3 to 14
Digestive Disorders — see also specific type
Fram noise-induced stress, 3-1 to 3-2, 3-5
Disability
Defined for compensation, 2-23
Drugs — see Toxic Substances
Ear Function
Description, 2-1
Testing, 2-3 to 2-5
Disruptive disenses, 2-5
Organ of Corti, 2.9
EEG Chunges
Nolse-related, 6-2
Elderly
With hearing loss, 2-8
Effeets during sleep, 6-4
Presbycusis, 2-11 to 212
Endocrine Disorders
As stress effect, 3-5
Education — see Learning
Equal Encrgy Hypothesis
Defined, 2-10
Accuraey, 2-17
Equal Louduess Contour
Displayed, 7-3
Equal Temporary Effect Hypathesis
Defined, 2-9
Equivalent Noise Impact {(ENI) — Level-Weighted Population (LWD)
Exposure (to Noise) — see also Residentiu! Exposure
Oceupationai Noise
Urbun Noise
Long-term nonauditory cffects, 3-2
Short-term nonauditory effects, 3-2
Fatigue
As stress effect, 3-5, 7-1
From high-intensity noise, 5-2
Fron sleep disruption, 6-1
Fetus
Hearing damage, 2-5
Physiological effects, 3-1, 3-7
"Fight ar Flight Syndrome™ — see Arousal Response

Gallup Pall
Results, 1-!




Castrointestinal Problems — see Digestive Disorders

Farris Survey
Results, 1-1

Handicap
Defined for compensation, 2-23
Headaches

Noise related, 3-3
Hearing Conservation — see also Hearing Loss
Hearing Protectors
Audivgrams
Methods, 2-24 to 2-28
Hearing Loss — see also Hearing Loss, Types
In general, Chupler 2
Population at risk, 1-3
Measurement of, 2-5
Relation to exposure, 2-7
Physiologicul basis, 2-8
Effects, 2-15to 2-16
Compensation formulas, 2-23 10 2-24
Couses, 2-5
Susceptibility, 2-7, 2-8
From rock music, 2-14
Protective levels, 2-16
Protective measures, 2-19 to 2-23
Due to aging, 2-12 to 2-13
Compensation, 2-23 to 2-24
FHearing Loss Claims — see Compensiation
Hearing Loss, Types — see specific type:
Conductive
Sensori-nearal
Presbycusis
Sncipeusis
Hearing Mechanism — see Ear Function
Hearing, Measurement — see also Audiogram
Method, 2-3 to 24, 2-22 10 2-23
Of hearing loss, 2-5
Hearing, Normal
Bused on sex, 2-2
Bused on race, 2-3
Based onage, 2-3
Range, 2.2
Hearing Protectors
Types, 2-22
Attenuation characteristics, 2-20
Hearing Tests — see Flearing, Measurement
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Heart Problens — see Cardiovascalar Disease
Helping Behavior
Effects from excessive exposure, 7-1
High Frequency Noise
Effects on perfornmnee, 5-1
Effects on subjective response, 7-2
Hounsehold Noise
Typical exposure, 1-3
HUD
Amnual Housing Surveys, -1
Hypertension
As u stress effect, 3-1 to 3-5
Monkeys, 3-4
Hypotension
As u stress effect, 3-3
Imnumological Resistance
Reduction from stress, 3-1
[mpairment
Defined for compensation, 2-23
Impedance
Funetion, 2-1
Impulse Noise
Effects, 2-10
Effect on speech interference, 422
Critera, 2-10 to 2-11
Individual Response — see Psychological Respanse
Indoor Noise
Compured to outdoor levels, 1-3
Critetia, 4-3 10 4-¢
Incdustrinl Noise — see Occapational Nofse
Infants — see Fetus
Inforination Conlent
Effect on sleep disturbanee, -4
Effect on work performanee, 5-2 to 5-3

Information Gathering — see Learning

Conmunication Interference

Performance Interference

[nsomnia

Noise related, 3-2
Interior Noise

Relation to outdoor noise, 1-2
Intensity «-- see also Loudness

Relation te subjective response, 7-1

127



Intermittency
Effect an performance, 5-1
Effect on speech interference, 4-2
Effcct on subjective response, 7-1
Correction factor, 2-17
Irritability
As stress effect, 2-4, 7-1
In noisy work environments, 5-3
Kryter, Karl
Studies, 3-6
Lenrning
Effects from speech inteeference, 4-5104-6
Disruption, 5-2, 5-4
Legislation — see Walsh-Healey Public Conlracts Act
OSHA
Levels — see Becommended Levoels

Level-Weighted Population
Defined, 9-1 to 89-2
Loudness
Effect on performance, 5-1
Effect on sleep, 8-1 to 64
Effect on threshold shift, 2-7
Of rock music, 2-14
Effect on subjective response, 7-2, 7-1
Effect from recruitinent, 2-15
Effect on communication, -1
Masking — see Communication Interference

Mental Effects — sce Psychalogicnl Effects
Phychological Kesponse

Mecham, W, C,

Studies
Mental Niness

Relation to excessive nolse, 7-1
Metabolie Disarders — see Physiologicnl Effects
Migraines — See Headunches
Modifications — see Strategies, Control
Monkeys

Blood pressure study, 3-4

Mortality Rates
Effects from noise, 3-8

NIOSH (National Institute of Ceeupational Safety and Health)
Hearing impuirment compensation formulas, 2-24
Hearing loss formula, 2-24
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National Health Examination Survey
Of tinnitus, 2-15

Nntienal Institute of Oceupational Safety and Henlth — see NIOSH

National League of Cities
Callup pall, 1-1

National Noise Problem
In general, Chapter 1
Peaple exposed, 1-1 to 1.3
Typical exposures, 1-3 to 1+
Workers, exposed, 1-3
Nausen
From high-intensity nolse, 5-2

Neighbarhoods — sce also Annoyance
Urbun Noise
Annunl Housing Survey
Community response stirveys, 1-1, 8-1 to 8.8
Dissatisfaction, 9.1
Satisfaction as a function of Ly, 10-1 to 10-8

Neuroticism
As stress effect, 3-5
Newborn — see Fetus

Nonauditory Effects — see also Stress Physiclogical Effects
In general, Chapter 3
Physiologicnl changes, 3-1
Vasocoustriction, 3-2
From short-term exposure, 3-2
From long-term exposure, 3-2
Criteria, 3-3
Cardiovascular prablems, 31, 3-3 to 3-5
Blood pressure, 3-1, 3-3tn 3-5
Strpee affecte, 3.3 to 3.5
Toxic substances, 3-1, 3-8
Fetus, 3-1, 3-7
During sleep, 6-1
On workets, 3-8
Differences in scientific opinion, 3-6

OSHA
Requirements, 2-10, 2.2 to 2-22

Occupational Safety and Health Administration — see OSHA

Occupational Noise
Compensation for hearing impairment, 2.23 to 2-24
Number of workers at risk, 1-3
Regulations, 2-10, 2-10
OSHA requirements, 2-9] to 2-22
Protective levels, 2-10, 2-16, 2.20
Impulsive noise, 2-10
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Ocenpationn] Noise (Continued)
Performance effects, 5-3
Sacietn] costs, 5-1
Old People — sce Elderly
Ossicular Chain — see Ear Function
Ctotoxic Digs — see Toxic Substances
Performance Interference
In general, Chapter 5
Exposure factors, 5-1
Exposure effects, 5-1 to 5-4
Detrimental levels, 5-1
Deirimental naise quatlities, 5-1 (0 5-2
Cunulative effects, 5-3
From industrianl noise, 5-3
Alterelfects, 5-2 Performunee Interference (Continned)
Socielal costs, 5+
Fatigue from noise reluted stress, 5-3, 7-1
Alfected tasks, 5-2
Individunl variables, 5-3
Of learning, 5-2
Positive etfects, 5.1, 5-3
On children, 5-4
Persanal Factors
In subjective response, 7-1, 7-4
In commumity response, 8-5 to 8-6
Peterson, Emaest
Bloed pressure, 3-4
Phon
Defined, 7-2
Physiological Effeets — see also Nonauditory Effvets
Arousal response, 3-1
Of high-intensity noise, 5-2
During sleep, 6-1 to 6-2
Autoniomic nervous system, 3-2
Population Density
As predictor of annoyance, 8-5 to -8
Predictability
Effect on performance, 5-1
Pregnant Women — seo Fetus
Presbycusis
Defined, 2-11
Progression, 2-11 to 2-13

Primntes — sce Monkeys

12-10
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Psychological Effvets
From industrigl neise, 5-1 1o 5-2
From high levels of noise, 7-1

Psychological Response
In general, Chapter 2
"o high-intensity noise, 5-2
To exeessive noise, 7-1
Subjective response to nojse guality, 7-1
Contextual factors, 7-1
Personal [nctors, 7-1
Bost weighting scale, 7-2
Annoying noises, 7-3
Of special papulations, 7-4
Role of personality, 7-4
Coping behuvior, 7-4
Antisocial belavior, 7-4
Use of sones, 7-2
Use of phons, 7-2
Public Health Survey
On hearing loss, 2-6
Public Opinion — sce Annnal Housing Survey
Community Response
Surveys
Urban Noise
Race
Hearing differences, 2-3
Rapid Eye Movement (REM)
Disruption, 6-4
Recommended Levels
Levels Dacument identified levels, 2-19
Validity of basis, 2-17
Appropriate for speech, 4-2t0 4-3
Hecruitinent
Defined, 2-15

Regulutions
Occupational noise, 2-10, 2-18, 2-20 to 2.21
Health and Welfure annlysis, 9-1 to 9-2

REM — see Rapid Eye Mavement

Residential Exposure — see also Honsehold Nolse

Survey rosults, 1-1 to 1-3

Near airporis, 7-1

In urban areas, 8-1 to 8-8
Rock Music

Effects, 2-14

Levels, 2-14

12-11
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Safety
Field study, 3-8
LEfiects from comnmumication interference, 6-1
Effects from stress, 7-4

Schools — sce Learning

Schultz Curve
Displayed, 8-1

Senior Citizens — sec Elderly
Sensari-Newral Hearing Loss
Defined, 2-4
Causes, 2-5
Sex
Hearing differences, 2-2
Effect on sleep clisruption, 64

Shaw, W,
Studies, 3-8

Sleep Disturbance
In general, Chapter 6
Effects, -1
Awareness, 6-1
Indirect effects, 6-1
Disruptive noise levels, 8-1
Physiological effects, 6-2
Probability of disraption, 6-2
Variznce with naoise level, 6-3 ta 84
Probability of awnkening, 6-3
Effects of snund quality, 81, B-4
Effects of age and sex, 8-
Effects of slecp duration, 8-4
Effects of noise cluration, 6-1
Lffeets of sleep deprivation, -4
Effects of time of night, 8-2
Survey datn, 6-4
Stages of sleep, -2
Long-term effects, 6-4
Relating to community response, 8-1
Criteria, 6-2 to 6-4

Social Interaction
Effects from communieation interference, 4-1
Effects from excessive exposure, 7-4
Effects from hearing loss, 2-15 to 2-18

Seclocusis
Defined, 2-11
Evidlence of oceurrence, 2-13
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Sociceconomic Status
Effect on psyehological response, 7-1
ielation to annoyance, 8-6

o Sone
L Defined, 7-3
Special Populations — see also Fetus

i Children

1 Age

o Sex

i Workers

4 Flderly

! Noise sensitive, 7-3 ;

Y Affected by masking, 4-5 to 4.6 ;

f Spectra] Characteristios ;

; Effect on subjective response, 7-1 4

Speech Interference - see Communication Interference
0 ;‘ Standards — see Regulations £

‘_f;t Startle Reflex — see Arousal Response ;

" Statistics

Rusidentinl exposure, 1-1 to 1.4, 8-5 to 8.6

Societal costs, 5-4

i Henring loss extent, 2-8

j Strategies, Control

] Naise reduction, 2-19 to 2.21 k

i Source modification, 2-19 i

_ i Path alteration, 2-20 :

i Stress, Mental — see also Annoyance

From excessive noise, 3-4, 7-1

Stress, Physieal
As noise effect, 3-1 to 3-7

e E

T e From imlustrind nolse, 5-3
B Subjective Response — see Psychological Effects
- Psyclhiological Response

Surveys — seealso Urban Nolse
Annual tHousing Survey
On sleep disruption, 84
o On community response, 8-1 to 8-6
On subjective response, 7-4
£ Susceptibility
: T'o hearing loss, 2-7 to 2.8
Testing, 2-22
Of children, 51
Ta infectlon or toxie substances, 3-1

| 12.13



Synergism
with toxic substances, 2-8, 3-6
Tasks, Noise Sensitive
Types, 5-2
Terminology — sce Acoustic Terminology

Tinnitus
Defined, 2-15
Extent, 2-15

Threshold of Audibility
Normal hearing, 2-2

Tlreshold of Pain
Level, 2-2

Threshold Shifts, Noise Induced
Permanent, 2.6, 2.7, 2-18 to 2-19
Temporary, 2.0 to 2-10, 2-14
Predictions, 2-9 {0 2-10
I'rom loud musie, 2-14
Steady-state exposure criterion, 2-19
Relation to exposure levels, 2-5
From continuous noise, 2-19

Taxie Substances
Hearing cffecls, 2.5, 2.8
Synergistie effects, 3-4
Susceptibility, 3-1
Traffic Noise — see also Specific Vehicle T'ypes
As source of neighborhood dissatisfaction, 1-1 10 1-2
Population exposed to, 1-1 to 1-3
Relation to eardiovascular problems, 3-3 to 3+

Tranmatic Henring Loss
Defined, 2-5

Typical Noise Exposures
In Schori study, 1.3
Hypothetical, 1-4

Uleers — see also Digestive Disarders
As stress effeet, 321, 3-5

Urban Noise
Sources, 1-1to 14
Population exposed, 1-1 to 1-3
Survey results, 1-1, 8-5 to §-8
Survey conclusions, 8-6

Urban Noise Survey — see Urban Noise

Undesirable Neighborhood Conditions
Noise, 1-1to 1-2
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Vasoconstriction
In startle {arousal response}, 3-1
Of uterine blood vessels, 3-7
During sleop, 6-1

A As stress effeet, 3-2

3 Vehicle Noise — see Traffic Noise

‘! Vestibular Problems — see Vertigo

1 Vertigo

' From higli-intensity noise, 5-2

1 Vigilance Tasks

& Disruption faetors, 4-1, 5-2

i Walsh-Healy Public Contracts Act

H Permissible exposure levels, 220
4 Woeighting Schemes

4 A-weighting, 4-2

];- . For measuring subjective response, 7-2

Stevens' Mark VI and VIIL, 7-2
-., Zwicker's procedures, 7-2
Wonb == sec Fetus

Workers — see Occupationnl Noise

s Dl T

y Wark Performance — seo Performance Interference
ﬂ Warkplace
i Absenteelsm, 3-6
B Cost of exposure, 5+
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