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QUANTIFIABLE EFFECTS OF NOtSI OU IIUIA IS

Introduction

Noise can interfere wi th an Individuals activities , disturb him or

even effect his hearinq. While man has attempted to control some types

of noise as early as the time of the Roman empi re ,1 the event of the

powered machine , gunpowder, modern transportation systems, and the densely

• populated cities have combined to result in increasing noise exposures of

the individual. In fact, there is a good enough relationship between urban

population density and noise level that population density is being suggested

as a method for estimating background noise levels .2

In this paper , an attempt will be made to evaluate the effects of this

present state of noise exposure . But as the title indicates , the focus will

be on quantifiable effects. The three main effects of environmenta l noise

are noi se induced hearing loss , speech/activity interference, and general
convnunity response. The selection of these three effects is not a trivial

question. For this reason , the rationale for selecting these effects and

not others is addressed in the next section . Then a section on each of

the three quantifiable effects is gi ven. Finally, a discussion and con-

clusion is provi ded that summarizes the advice that I feel would be useful

to those who are not overly familiar wi th the effects of noise. I realize

that this paper is not going to make you an expert in noise , but I reference

where more information Is available.

Selection of the Quantifi able Effects of Noise on Humans J
In order for a specific noise effect to be quantifiable , two basic

elements need to be present. First, a cause and effect relationship needs

/ 1  027
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to be established. Second, there must be a correlation between the

magnitude of a measurable noise exposure and the severity of the effect.

The first quantifi able effect, noise Induced hearing loss, has both

of those elements . Wi th respect to noise induced hearing loss, we know

by experience that one extremely loud noise can cause a permanent change

in heari ng ability . We can further verify such changes in animals by

looking at hair cells of the inner ear damaged by noise exposures. This

: 1 is backed up by many studies whi ch clearly show di fferences in the hearing

levels 0f workers exposed to di fferent levels of noise.

1 ! With respect to conijiunity response, the same holds true. Just run

up a jet engine for the fi rst time next to a residential area and watch

the reaction. Numerous social surveys veri fy this reaction and provide

us a reasonable relation between such reaction and the amount of noise.

Activi ty interference, especially wi th respect to oral communication ,

Is the third effect. Surely every reader has experi enced this at one time

or another. Laboratory studies provide defini tive information on the

increase of such interference with increased noise exposure .

Sleep interfe rence can also be clearly demonstrated . What Is not
quite so clear , however , is the good correlation between the magnitude

of a measurable noise exposure and the severi ty of the interference.

Measurable noise exposure is emphasized because certainly I don ’t want

to Imply that louder noises do not interfere more wi th sleep. But when

noise consists of vari ous patterns of time and intensity , a s ingle measure
— t~ gt encompasses most of the reasonable situations is di fficul t to obtain.

Perhaps the equivalent Sound level discussed later gi ves a reasonable

estimate of the adverse effect, but this has not been fully established

at this time. Lucas has provided a good summary of the studies of sleep

) interference from noise a~~ ~~s work sTld bej~o~~ulte1Ju~~~~~3
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Possible non-auditory effects of noise have also been studied in

recent years. While there have been a few potential findi ngs based on

high level exposures to humans or on animal experimentation, clear evidence

that noise produces long term heal th effects has not been established. —

Not all researchers , however , agree with this last statement and there Is

an ongoing debate as to non-auditory effects.

Since such non-auditory effects are so controversial , it is useful

to provide three different quotes on the subject that backup my statement

that the non-auditory effects of noise have not been clearly established .

For instance , referencing non-audi tory noise the EPA Cri teria Document

concludes:

“Noise can elici t many di fferent physiological responses.
However, no clear evidence exists indicating that the

continued activation of these responses leads to irreversible
changes and permanent health effects. Sound of sufficient
intensity can cause pain to the auditory systems. Except for
those persons with poorly designed hearing ai ds, suc h intense
exposures should not normally be encountered in the non-
occupational envi ronment. Noise can also effect the equilibriu m
of man, but the scarce data available indicates that the
intensities requi red must be qui te high or similar to the
Intensities that produce pain. ”4

An even more recent assessment of the current state of knowledge on

non-auditory effects of noise is contained In the Handbook of Noise Control4

In the Introductory paragraph of a chapter on Physiological Effects of

Noise by Dr. William Burns.

This chapter discusses the physiologica l reactions of the
human body to noise; the effects on the hearing mechanism
and psychological effects are described In Chaps. 8 and 16,

3
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respectively. Knowledge In this field has not kept pace

with advances in knowledge of the relation between noise

and hearing. Studies of physiological effects contain

difficulties of observation and Interpretation . Where human
- - laboratory studies are used, projection to real life situations

may be misleading. Studies on lower mammals may be complicated

by signi ficant species differences compared with humans ; and

the effects of magni tude of the stimulus in anima l experiments,

compared wi th that conceivably sustained in real life in

human exposure , must be considered. In field studies of real

human situations , adequately control led conditions may be

unatta inab le, so that results deriving from some other factor
in the total envi ronment of the subjects may be Incorrectly

attributed to noise. All of these considerations enjoin caution
In the acceptance of conclusions of any study in this field.

Kryter has also recently made detailed and objective surveys of the

l iterature and it is appropriate to state the conclusions . In work

supported by the U.S. EPA , Kryter concludes :5

In spite of the very large gaps in our knowledge and the existence
of some apparently conflicting research results , the following con-

clusions are put forth, with , of course, the usual admonition that

more research is needed before they can be accepted wi th great

confidence.

1. There is no likely damage r,sk to a person from the possible

unconditioned stress responses to noise that are mediated by the

autonomic system.

2. Noise may often be concomitant with danger and adverse social-

environmental factors that are more Important than the noise i tself

as a cause of apparent greater incidences of various physical and
psychological disease and accidents In industry .

4
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3. Autonomi c system stress responses could concei vably be a

contributing factor to Ill heal th in some persons as the result of

noise in their living envi ronment di rectly Interfering with auditory

co.iinunlcations and sleep , and , thereby, creating the feelings of

annoyance and anger that serve as the direct cause of the stress

responses.

On the other hand 1 for a good summary from the advocates of such

nonauditory effects the reader is referred to the work of Welch .6

Upon reviewing both sides of the argument, I see as the basic cause

of disagreement that most non-auditory research has not found clear cause

and effect relationships . For instance, there are some studies that have

shown that blood pressures of workers in noisy i ndustries are higher than

the blood pressures in the general populations . What such studies have

not shown is that the noise is the cause of the high blood pressure. The

high blood pressure could just as well be due to vibration , dust , the danger

of moving machinery, etc., or some combination of these. One can reasonably

assert that noise is a by-product of those kinds of jobs that probably do

cause more stress. Remember, we can demonstrate that noi se can cause

permanent changes to the ear; but we have no similar data for blood

pressure. Thus we can only make a conjecture that there mi ght be a cause

and effect relation . Such a relation mi ght be shown if we could find two

groups of people identical in all ways except for noise exposure. Unfor-

tunately, such a situation has not been found. Unti l such proof is forth-

coming, I believe that such possible effects must be ignored in the current

planning or decision making process.

5
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I say this so posi tively because it is my opinion that the problem of

blood pressure is too important for mistakes . It would be unfortunate If a

large effort was made to reduce noise in industry only to find later that

high blood pressure is due to other factors. What is needed at this time

Is more research on non-auditory effects, not money spent on noise control .

Besides, there is enough information provided by the quantifi able effects

- H  to justify reducing man ’s noise exposure. Before discussing these effects;

however, we need a method for describing noise exposure. Such a descriptor

is in use and the rationale for its selection is provided in the next section.

Selection of the Descr iptor of Noi se E~posure

It has been often said that the effect of noise varies wi th respect

to magni tude, frequency spectrum, and time pattern. Dr. von Glerke7 has

provided an excellent summary of the problem of selecting a single descriptor

H that adequately relates the complexi ties of noise exposure to the even more

complex problem of defining health and well being. The reader Is encouraged

to read both von Gierke ’s article and the EPA “ levels ” document8 for a
more detailed discussion than wifl be presented here.

The choice of a noise descriptor by the EPA was based on several con-

siderations.9 Briefly these were: (I) the measure should be applicable

over long periods of time , (2) it should correlate with non-noise effects

on humans , (3) it should be simple , pract i cal , and unambiguous , (4) it

should be measurable with existing equipment , (5) it should be determined

• from physical events, and (6) it should be closely related to existing

methods.

6
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Correlating the three quantifiable effects with a single descriptor

ful filling these consideration s led to the selection of the long-term

average sound level , called equivalent sound leve l (Leq)~ as the bes t

means for describing the magnitude and time pattern of the environmental

noise. This equivalent sound leve l is the constant sound level which in

j a given situation and over the considered time period would expose the

ear to the same amount of energy as does the actual time varying noise

patterns.

Such a measure was already in use for aircraft noise and had been

proposed for hearing loss by an international standard. It was shown

in ref 8 that this equal energy concept can estimate the amount of

activity interference. Most researchers recognize that the equal energy

concept can be somewhat in error for specifi c time patterns . For instance ,

in termi ttent noise will cause less temporary heari ng changes than continuous

noise of the same energy. Nevertheless , the energy approach has proven to

be a very reasonable simplifi cation for most environmental noises.

- - With respect to the frequency of the noise, A-weighting was selected

as the best procedure for rel ating all three quantifi able effects. An

important point needs to be made here. There are better weightings than

A-weighti ng for loudness and there is a better measure (the preferred

speech interference level) to assess speech interference. A-weighting,

however, is the best compromise for all three effects.

To account for the idea that community noise exposures do cause more

of a problem at night (an idea that is more of a reasonable concept than

a proven fact , hence not everyone agrees with it) a ten decibel penalty

was added to the nighttime noises , nighttime defi ned as those 9 hours from

l
~
J p.m. to 7 a.m. Usi ng this penalty , the subsequent measure Is called

the day-night average Sound level. The symbol is Ldfl. Whil e the use of

L __  
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- - a symbol for an abbreviation Is not qui te proper, the common usage has been

to call this measure Ldfl in writing and to pronounce the letters L, 0, N

in oral speech instead of the abbreviation DUAL . In compliance with common

usage, Ldfl will be used in this paper.

To extend this measure over long time periods , the concept of a

yearly 1dn based on an energy pri nciple was proposed in the EPA “Levels

Document.”1° I have heard critic i sms that such averag i ng under

predicts the affects from noise events that are seasonal or that last

only a few days or weeks. Often, I expect, the cri tics visualize an - 
-

arithmetic average tnstead of the energy average .

One needs to keep in mi nd that an 80 dB Sound has 1000 times more

energy than a 50 dB sound. An Ldfl of 80 dB averaged on an energy

basis wi th a 1dn of 50 dB results in a two day average of 77 dB. Thus,

this energy averaging does gi ve more focus to the high noise exposures .

The in~ licat i ons of this on a yearly bas is w ill be further d iscusse d when

annoyance is discussed.

Quantifying Noise Induced Hearing Loss

Aside from a few published incidents , most of the availabl e information

about the permanent effects of~noise on humans is deri ved from occupational
noise exposures. Thus , by necessity , the env i ronmental effects of noise

must be predicted from occupational noise data , whi ch cons is t of 8 hours

of relative steady noise for 5 days a week. Such studies of occupational

data usually compare the hearing levels of noise exposed workers to the

hearing levels of workers not noise exposed on the job . The difference in

hearing levels Is called Noise Induced Permanent Threshold Shift or simply

NIPTS. More space will be given in this paper to noise induced “eari ng

8
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loss than to the other two quanti fiable effects. This does not imply that

hearing loss ‘Is necessarily the more important effect, but instead , this

emphasis is the result of the fact that I do more research and wri ting on

noise Induced hearing loss.

Figure 1 and Figure 2 illustrate more precisely what is meant by

NIPTS. Using data from Robinson ,11 distributions of the two di fferent

populations with respect to heari ng threshold leve l are shown in Figure 1.

In one case, the population is not exposed to occupational noise of any

significance and in the other case a daily exposure of 90 dB over 20

years is received. Figure 2 illustrates how differences in the two

distributions mi ght be evaluated. Notice that NIPTS is the difference

between the hearing threshold level of the noise exposed ears and the

hearing threshold level for the non-noise exposed ears for a given

percentile level. Because these are made at one point in time (i.e. cross-

section), the actual changes in indivi duals are not available. This

would require longitudinal studies in which indi vidual hearing levels

are followed over many years , unfortunately such studies are not avai lable.

At the present time , the most comprehensive studies , those of Passcnier-

Vermeer ,12 and Robi nson~ and Baughn,13 are all cross-sectional .

In support of the needs for a Cri teria Document 1 ’14 for the Environ-

mental Protection Agency , the work of Passchier-Vermeer, Robinson and

Baughn were combined to produce one unifi ed relationship between continuous

noise exposure and hearing loss.15 Of course, the resulting relationship

is not perfect, but then it has been amply pointed out by many cri tics

that there is no complete or perfect study. Nevertheless , the NIPTS values
of the unif ied relation versus any one of the relationships predicted by

Passchier-Vermeer , Baughn or Robinson , i n genera l, were well wi thin ~ dB
of each other.

9
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Table I provides a summary of the effects of noise on heari ng using

the arithmetic average of the data of Baughn , Passchier-Vermeer , and

Robinson. Several measures are used for three different combinations of

audlometric frequencies.

These measures are:

(1) Max NIPTS (90th Percentile). This is defined as the maximum

value of NIPTS reached duri ng 40 years of noise exposure after the age of

20 for the percentile des ignated , namely , the 9Jth . This parameter was used

since Baughn’s data at 4000 Hz showed more change at 10 years than at 40

years. This measure , thus , is an average of the most NIPTS predicted by

any of the three investigators .

(2) NIPTS (90th percentile) at 10 years . The expected NIPTS after

ten years of exposure during adult life for the heari ng leve l not exceeded

- 
- by 905 of the population .

(3) Average UIPTS . The gross average value of NIPTS obtained by

averaging over a 40-year exposure duration and also over all the population

percentiles . Note: This figure differs by only a couple of decibels from

the medi an NIPTS val ue a fter 20 years of exposure . Thi s measure was presented

in order to estimate what happens to the entire distribution over the total

40-year exposure history .

(4) Hearing Risk. Hearing risk is defi ned as the difference

between a noise exposed and a non-noise exposed group wi th respect to the

percentage of people wi th a specified handicap . Whether a person exceeds

this handicap or fence of 25 dB (re 1969 ANSI) is used is usally determined

by averaging his hearing levels at several frequencies . Traditionally,

10 
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handi cap is considered to start when a fence of 25 dB (re 1969 ANSI) is

exceeded for the frequencies of 500 Hz, 1000 Hz and 2000 Hz. It is this

measure that has been responsible for many critical statements with respect

to the reliabil ity of the data base. The use of Hearing Risk may be appro-

priate if one wants to determine the amount of compensation required by

people exposed to noise. However, it does not presently lend itself to

• accurately describing the effects of noise on heari ng because more precise

knowledge of the nonoccupational heari ng level than currently available

is required.

In regard to Hearing Risk , note that the relation of the fence (25 dB

AHL) to the hearing levels of the non-noise exposed population becomes

critical . If the fence is at location A or E as seen in Figure 2 the

Hearing Risk will be small. If, however , the fence is at B, the Hear i ng

Risk will be a maximum. More realis tically, the 2~ dB (re ISO fence is

located somewhere between C and D. Obvi ously , the value of the Hearing

Risk obtained for fence C is clearly qui te di fferent than If fence 0 is

used. Thus , the location of the fence with respect to the median of the

non-noise exposed distribution is critical. Unfortunately, for mos t data
bases , Including the ones of B~auqhn , Robinson and Passchier-Vermeer , there
is significant disagreement over where the non-noise exposed median should

be in relation to the 25 dB ISO fence. This is wriy the simple use of NIPIS,

as presented above , is preferred over the use of Hearing Risk. 
-

11
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~~~~ Interpretation of the Data.

• As stated previously , cross-section studies cannot describe the actual

- 
- changes In indiv iduals. When longitudinal studies are accomplished , they

- - will undoubtedly show a greater NIPTS of 90% of the individuals exposed to

a certain noise history than the NIPTS of the 90th percentile point of noise

exposed populations . But it is still not clear which is the better measure

-H for assessIng the effect of noise on hearing.

When talking about indi viduals , the practical signifi cance of many

individual shifts, let’s say from -10 dB to 0 dB , becomes hard to ‘Interpret.

A typical questi on that always arises is , “Is a 5 dB shift from a hearing

level of 40 to 45 dB more signi ficant than a 10 dB shift from a hearing

level of 5 to 15 dB?” Such distinctions require a value judgement that we

are not in a position to make. On the other hand, use of cross-sectional

data simplifies this problem , since use of a 90th percentile point or hi gher

provides administrators and the courts , who finally must make the judgement

as to what insult can be allowed , with a basis for thei r decision making.

This relationship is both the most sensitive (the 90th percentile shows more

change than a lower percentile) and the most significant (the assumption

is that a 5 dB change in the hearing of a poor hearing individual Is more

significant than the same change In the hearing of a good hearing Individual).

With these con3iderations in mind , let us focus on the difference between

the 4000 Hz audiometric frequency and the traditiona l speech frequencies of

0.5, 1 and 2 kHz. From Table I, the relationship between the NIPTS of

speech frequencies as well as 4000 Hz and noise exposure for the 90 percentIle

point can be seen. This Is plotted on Figure 3. The key point to see in this

12
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figure is that there is about a 12-15 dB di fference between the NIPTS

- of the 4000 Hz frequency and the traditional speech frequencies . This

4000 Hz frequency, wnich appears to be the mos t sens itive of any audiometric

frequency to the genera l envi ronmental noi se , was used by the published
I “levels document” of the EPA. It is easy to see that the biggest reason

the levels document identi fies 75 dBA for 8 hours as the necessary exposure

Ii level that will not produce signifi cant hearing changes is the use of 4000

Hz. A simplistic approach is just to say that much of the difference

between the 90 dBA of OSHA and the 75 dBA of the EPA levels document is

the 15 dB di fference - caused by including 4000 Hz in the assessment. In
— - Table I it is clear that some NIPTS Is predicted for even 75 dB. For very

narrow bands of noise that may be true, but for broad band noise, the

better estimate of NIPTS at 75 dB at any percentile is probably zero.
- - 

Table I has been revised somewhat and in work that I am doing for a national
— - 

standard , no hearing loss is predicted for 75 dB. Recent studies of

- Temporary Threshold Shift verify that this is a reasonable modification

since the tnreshold of temporary changes from broad band noise is between

an A-weighted level of 75 dB to 80 dB.17 ’18’19 The assumption is , of course,

that If temporary changes do not occur , permanent changes cannot occur.

- The original val ues of 75 dB were extrapolations from higher IndustrIal

exposures in any case. After careful review of the available data , I am

convinced that the 75 decibel level is the right threshol d for the ‘safe
level ” of envi ronmental noise.

Of course , there are those who would say that trying to protect agains t
a change in hearing in any part of the population at 4000 Hz is ridiculous .20

- 
13
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Maybe so, but usuall y such statements are made because economic and

feasibilit y trade-offs are Introduced too early in the decision making

process. The 75 dB level identifi ed in the “levels document” did not

consider either economic or feasibility considerations .8 These latter

T I considerations may require that any public health standard which is

enforceable by law (for example the OSHA standard) be di fferent from

longer range social goals. I would agree that it is very important to

consider the costs of implementing any enforceable standard to the benefits

gained. Such an analysis mi ght show that 95 dB , not 90 dB, is a more

reasonable occupational level for many industri es in the immediate future.

-j However , I firmly believe that the 75 dB level for 8 hours is the best

-I approximation of a true “safe level. ” This 75 dB leve l serves as a

baseline from which to deviate in order to establish levels that are

— temporarily reasnnable.

• There is another approach to environmental noise that is worth consIder-

ing. The majority of the persc~ns familiar with noise who read this paper

will probably concur that either 85 øecibels or 90 decibels is an appropriate

occupational noise standard at present. However, to these readers I would

like to ask, “Would you feel the same way if your fami ly win their home or

envi ronment were exposed to similar levels due to traffic noise? Most of

the people I know would answer in the negative . Yet my first experience

with environmental noise concerned use of the OSHA standard ‘In determining

the safe noise levels of the passenger compartments In airplanes . The use

of the OSHA standard for such decision was made in spi te of the fact that

the OSHA standard -Is not based on such environmental considerations .

When the levels of such standards are promulgated as “safe ” (no effect)

instead of reasonable (the effects are balanced by technical feasibility

and economics), such misuses of the OSHA standa rd will continue to occur.
14
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Compensation

Before leaving the problem of noise induced hearing loss , it is fitting

to discuss briefly the problem of compensation for occupational hearing

loss. I’m convinced that there are some gross inequi ties in our compensa-

tion procedures at this time . Ginnold has provided a good review of the

Inequities due to the different administrative procedures of the vari ous

states.21 In many states compensation for noise Induced hearing loss Is

effectively excluded because noise just does not make a person completely

deaf. However, the inequi ty that I would 1-I ke to focus on Is the one due to the

age at which the monetary compensation of an individual Is determined. The

problem can best be illus trated by figure 4. In this figure, the predicted

hearing levels of two males are depicted , both with hearing levels at the 90th

percentile (90 percent of the people hear better) as determined by the 1960-62

PHS data.22 In one case one of the indivi duals received a 10 year noise

exposure of 95 dB from age 20 to age 30 while in the other case this same

exposure is received from age 50 to a~e 60. Note that as best as we can

predict with data available today, both individuals , on the average, would

have the same hearing level at age 60. In addi tion , the ear ly exposed

individual is very likely to Irave a compensable heari ng loss (above a 25 dB

fence for the average of 500 Hz, 1000 Hz, 2000 Hz and 3000 Hz)23 for a greater

time during his life . So, do we compensate this early exposed indivi dual

more? No. In fact, the current compensation procedures will very likely not

compensate this early exposed indivi dual at all since many states require

the compensation cases to be filed within one year of the termination of

employment. At the age of 31 years the early exposed indivi dual wil l not

have exceeded the 25 dB fence! The problem, of course, is that there Is -~ 
-

15
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a very high relation between hearing level and age. The best solution

is probably to make compensation payable based on several measurements

during an indivi dual ’s life. In lieu of this, one might argue that

compensation payments should be determined only when a person reaches a

specific age such as an age of 60 years.24 In any case , I woul d refer you

to reference 24 for further detail.

Quantifi cation of Speech/Activity Interference

Certainly every reader has experi enced the difficulty of talking to

another person In a noisy situation. This difficul ty can be quantifi ed

for every day speech and the relationships shown in figure 5 have been derived

from laboratory experimentation .25 In this figure, the relationship for the

maximum distance between talkers and the noise level are given for different

voice levels of the talker assuming 99 percent of the time the speech ‘Is

understood. This figure should give one a clue to the way people might

adapt thei r face to face commun i cation in noisy situations . One way , of
course , is to raise one’s voice. The talker and listener might also move

closer together. Less intelligibility can also be accepted, especially

if the listener feels that he can ask the speaker to repeat parts or all

of the speakers words . The speaker might also stop speaking during the more

intense parts of a fluctuating background noise. Thus there are many ways

to adjust to the noise in this situation . However , as the listener and the

speaker , or speaking source, becomes more and more inflexible , this ability
to adjust to the noise leve l is lost. For ins tance , In the classr oom
situatIon , the students usually do not have the option of moving closer

to the teacher. In ~y own experience, the students are also reluctant

to ask the teacher to repeat. Thus some of the ability to adjust to

16
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different noise levels is lost and for this reason the same noise levels

can be expected to impact a classroom situation to a greater extent than

a casual conversation between two people. In the case of watching television ,

the situation is even more Inflexible. The Information flow from a

H television set will not temporari ly halt nor will it repeat Itself in order

to compensate for Intermittent noise interruptions . The volume of the

-
~~~ television can be raised, of course, but even this adjustment is usually

- 
- less than perfect since the television may well be unacceptably loud duri ng

the quiet times of an intermi ttent noise. Finally, there are times that

there is no flexibilit y at all. An announcement on a public address system

Is such an example.

In sumary, the effect of noise on communication is complex and each

specific situation requires an indivi dualistic approach . Nevertheless,

It is clear , the greater the equivalent noise level, the greater will be

the problem of establishing satisfactory commun i cation through any of the

techniques described earl ier. Furthermore, two other facts should be kept

in mind. First, it is clear that people will accept di fferent amounts of

communication difficulty dependent on the situation . Use of a raised

voice might be acceptable to aircraft passengers, but completely unacceptable

in the home envi ronment. The need for a relaxed conversati on in a typical
— living room thus di ctates a background noise leve l no higher than 45 dB

while a level of 75 dB can be acceptable In an aircraft and 100 dB acceptable

In a disco establishment. In the latter case, one communicates by shouting

In each other ’s ear. The second consideration is that not everyone has

perfect heari ng, especial ly at the higher frequencies . It has been clearly

17
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demonstrated that while such Individuals may be reasonably normal with

respect to the ability to understand speech in quiet , they have much more

difficulty in understanding speech in noise.26 A glance of figure c-i of

reference (8) demonstrates that the majority of the Ameri can males over the

age of 40 will have this problem (defini ng the threshold of this problem as

a 25 dB loss at 4000 Hz). The effect of this will be to reduce the distances

that are shown in figure 5.

One could go even further to predi ct that ol der peopl e would have a

harder time understanding the words of modern music since the background

music acts as noise Somewhat with tongue in cheek, I might propose that

perhaps this is part of a basis of a generation gap.

Annoyance/Community Response

As has been discussed in the precedi ng section , noise interferes with

speech and other verbal activi ties . Al though the effects cannot be

accurately quantifi ed, noise also interferes wi th sleep , relaxation, mental
concentration , and etc. While such interference can be expected to impact

an exposed population , the impact -is not always constant. Mental states

- 

- 

change, attitudes toward specific noise sources will vary. Dr. von Gierke

accurately states with respect .to such parameters such as atti tude toward

- 
- noise source, familiari ty wi th noise , general psychological state, etc:

These parameters are not constants ; they can change for each

indi vi dual from day to day and undergo changes dur i ng his

l i fetime; they can change from Indi vidual to indivi dua l , from

country to country , and they mi ght change with time as the value

systems of soc ieties , thei r env i ronmental awareness , their

appreciation of pri vacy and thei r economi c situat ion cnanges .

18 —
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In spite of these potential infl uences, it appears possible to

specify for today ’s populations levels of envi ronmental

noise which do not significantly In terfere with their

activities and degrade their overall well being.27

The key to establisning such levels is public opinion s tudies .

Consolidation of the data of such surveys has been done by Schultz28

and Ms results are shown In figure 6. In this figure the percent of the

j~
1
~ respondents who responded that they were highly annoyed Is related to the

expected or measured outside envi ronmental noise exposure of the residential

area -In which they live . As can be seen, the percentage of Highly Annoyed

(% HA) clearly increases wi th the day night average sound level (Ldfl).
This provides a useful long-term adverse response of people to noise.

It is appropriate to consider how this ~ HA is determined. Social

surveys are conducted such that as mucn as possible , the response of

living In a certain long-term environment is obtained , and not the response

from isolated events. Somewhere in the questioni ng the respondents are

asked to rate how annoying is the noise on a scale , for example from one

to seven. One might be described as “not annoyed ,” two might be described
as “a little annoyed ,” while seven might be titled “severely or highly

annoyed.” As you might expect, the descriptors used for the steps on the

- 
- scale as well as the number of steps on the scale vary from survey to

survey. But in the Schultz synthesis of figure 7, only the people who

responded in the top 27 to 29~ of the scale (the top 2 categories of a

7 step scale) were considered highly annoyed. Adjustments were made to

19 
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other scales to approximate the resul ts of a 7 step scale. If a respondent

felt only moderately annoyed, he or she probably would not be counted .

Thus the relationship shown in figure 6 is only an indicator of the total

high annoyance caused by the stated noise exposures.

The reasons that an indivi dual mi ght mark the top part of a scale

can also be expected to vary. Interference with sleep mi ght be the deciding
Ii

factor for one person while a strong dislike of the predominate noise source

might be the deciding factor of another. In any case, the resul ting

informati on, imperfect as it is , resul ts in a useful tool to assess the
overall effect of Communi ty Noise. The term “Highly Annoyed” has been

criticized as too weak. People who make regulations mi ght like to have a

term with more punch . We are annoyed by many problems , so what is so

special about noise? Unfortunately, or perhaps fortunately, scienti fic

evidence does not support using stronger words . Uevertheless , the reac tion
to noise can be related to other problems in society. Figure 7 shows the

clear Impact of noise level on the reasons why a person mi ght move. As

the 1dn increases from 55 dB to 75 dB , noise becomes the predominate reason
- 

- 

why people moved from a London airport.29

Recommendations and Exceptions

NoIse does adversely effect humans , and the greater the noise levels ,

the greater the effects. In assessing any situation in which noise is a

— 
factor, the three quantifiable effects discussed in this paper should be

considered. Normally, consideration of these three quanti fiable effects

will provide enough information so that the severi ty of noise exposure can

be adequately evaluated.

2 
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With this evaluation in hand , It is then proper to look at each situation

and verify that some of the assumptions used in deriving the general noise

descriptor are val id for that situation . Some additional statements as to

whether or not there are special or unusal problems can then be made. The

assumptions or considerations that might require further Investigation are

listed below.

1. Pure tone versus broadband noise. For the Ldn~ 
the occurrence

of pure tones or very narrow bands of noise will probably cause slightly

more annoyance, slightly less speech interference , and sligh tly greater
hearing loss over a iiarrower band of audiometri c frequencies. In general ,

this problem can be neglected unless one is assessing sources with very

dominate tones such as fog horns or attempting to reduce the noise levels

by noise control .

2. Temporal pattern of the noise. While the energy averaging process

usually is adequate for assessing fluctuating noise , there always Is a
- I possibility that a non-random temporal pattern of noise might correlate

strongly with some activity . Such correlation could cause considerable under

or over estimations of the predicted effects. For example , the noise from a
race track that operate d only o,n Sunday mi ght cause no interference at all

at an adjacent school . On the other hand, a construction yard that operated

- 
- an especially loud piece of equipment from 9 to 11 each morning might cause

considerable interference to an adjacent school . Assessment as to when

the temporal pattern of noise might or might not be a problem will always

require some good “common sense.”

3. Frequency wei ghti ng. As discussed earlier , the A-weighting is a
good compromise, especially when assessing the problems of all three

quantifi able effects. If a very accurate assessment of a specific effect,

21
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such as loudness or speech Interference is desired, then better measures

are available and in fact there are national standards for such measure-

ments.30’31 The A-weighti ng does not cover the very low frequencies

(infrasound) or the very high frequencies (ultrasound). Normal ly these

sounds are not a problem, but when such sounds exceed 105 dB, further

investigation is probably needed. Information on the effects of these

frequencies is available in references 8, 32, 33. The ches t may also

- 
I resonate from sound pressure levels above 105 dB with frequencies in the

50 to 60 Hz region , which wnen weighted by the A-weighti ng scale could

result in a meter reading as low as approximately 85 dB. This rather

innocuous effect mi ght be desi rable in discotheques , but could be quite

annoying in other circums tances. Fortunately, these ci rcumstances are

rare.

- 

_ 

4. Information content of noise. In developi ng a noise descriptor,

it was accepted that di fferent types of noi ses with similar Ldfl values

would be treated the same. There are definite exceptions to this. For

instance the human voi ce may cause a problem if information can be under-

stood. Amplified speech from a used car lot or the intrusion of a sound

track of an “X rated movie” Into a residential nei ghborhood mi ght be good

examples.

5. Impulsive noise. Sound from sonic booms , blasting , or artillery

cannot be properly assessed directly by 1dn~ 
Methods such as peak Sound

pressure level or a C-weighted Ldfl (see ref 2) are requi red. The two

main concerns of such noises are damage to houses and house rattling . In

addition , for peak sound pressures above 140 dB , heari ng loss Is an

additional consideration . For assessing community response from the

firing of relatively small weapons
22
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such as a skeet range , 1dn is probably an adequate measure. For noise

induced hearing loss , the equivalent sound level should be more than

adequate to assess al l sounds below a peak sound pressure level of 140 dB.

For impulses above 140 dB, criteri a are ava i lab le ,8’34 but it is my opinion

that hearing protectors should be worn whenever possible.
- 

- 
6. Yearly averaging. As stated earlier , the yearly Ldfl has been

criticized as underestimating the effect of short time events such as a

month of summer military manuevers that mi ght expose some of the population

to 75 dB. To answer this criticism , two thoughts should be kept in mi nd.

- 
U Fi rst , some reference time period is needed if one is to avoid the problem

of considering that exposure of 75 dB for a year is no worse than 75 dB for

a month. While somewhat arbitrary , the yearly average will account for

seasonal differences and will still restrict the leve l of even an exposure

of a single month or a single day. For instance , the yearly Ldn from a
month of 75 dB is 64 dB (75 dB + 10 Log 1/12). If we l ook at S HA , we might
find that 36% of the population would be I-IA from a 75 dB exposure during this

month. If this S HA were averaged over the year, only 3% of the population

would be predicted to be highly annoyed . This 3% is probably low. While

it is reasonable to expect that not as many respondents would respond as HA

in December when questioned about noise that only occurred in July, some
respondents will remember. The yearly 

~dn of 64 dB would predict at least
14% of the population as highly annoyed if Indeed annoyance was sampled —

throughout the year. This latter figure definitely seems more reasonable.

23 
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Certainly the yearly Ldfl does not brush the noise problem under the rug.

Perhaps future social studies will specially address this problem , but

until then , it is my opinion that the yearly averagi ng which predicts a

yearly annoyance of 14%, is a good compromise between assessing the

yearly impact as 3% HA and 36% I-IA.

The second thought is that the limi t of a dai ly 1dn can always be

considered in addition to the yearly Ldfl. From hearing loss considerations ,

— 
I would suggest that an Ldfl of 90, or an Leq(8) of 90, shoul d be the upper

-~ -~ l imi t of any isolated daily exposure . The current trend to use as a

r planning figure an L~~ of 65 d13 nicely corresponds to limi ting a single

daily 1dn to 90 dB even if the unlikely case of the dai ly Ldfl for the res t
— 

- 
of the year were below 55 dB.

CONCLUSIONS

A useful descriptor of noise exposure is avai l able and should always

be used as the pri mary measure of noise exposure. Occasionally, additional

measures and additional assessments of i nd iv idua l noise exposure situations

will be requi red. But the additional measures should be in addition to, and

not in lieu of, the basic noise descriptor. Noise exposure is complex, and

it is very easy to make noise even more complex by pointing out the many

imperfec tions i n our s tate of knowle dge and i n our prac ti ces . In order to

make reasonable and logica l decisions on how noise affects humans , some —

simplications are a necessity . Using the basic descriptors Ldn and Leq~
there are three quanti fiable effects that can serve as a logical basis for

assessing the adversity of long term noise exposure . In response to the

24 L
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Noise Control Act of 1972 , these three effects were used to identi fy the

maximum noise levels requisite to protect public health and welfare with

- an adequate margin of safety. Such levels were identified In the EPA

- “levels document” and a summary of such levels is shown in Table 2. Economic

- and practical considerations mi ght require that higher exposure levels be

- used in planning and regulatory decisions , but it is the opinion of the

author that these lower levels serve as a useful remi nder that the noise

- 

- i problem is a long way from being resolved.

25
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SUMMARY OF THE PERMANENT HEARING DAMAGE EFFECTS
EXPECTED FOR CONTINUOUS NOISE EXPOSURE AT

I VAR IOUS VALUES OF THE A-WEIGH TED AVERAGE
SOUND LEVEL

1 
- 

75 dB for8hrs.

- ,  av. .5,1,2 kHz av . .5,1,2,4 kHz 4 kHz
Max NIPTS 90th percentile

1 NIPTS at lO yrs. 90th percentile 1dB 2dB 6dB
Average NI PTS 0 1 5
Max NIPTS 10th percentile 0 0 1

i
; _ 0 0 0

80 dB for8hr s.

av. .5,1,Z kHz av. .5,1,2,4 kHz 4 kHz
Max NIPTS 90th percentile

I - NIPIS at lO yrs. 90th percentile 1dB 4dB 11dB
Average NIPTS 1 3 9
Max NIPTS 10th percentile 0 1 4

- ; 0 0 2

85 dB for8hrs.

a~i. .5, 1, 2 kHz av. .5, 1, 2,4 kHz 4 kHz
Max NIPTS 90th percentile 4dB 7dB 19 dB
NIPTS at lO yrs. 90th percentile 2 6 16
Average NIPTS 1 3 9
Max NIPTS 10th percentile 1 2 5

90dB fo r8hrs.

av. .5.11 2 kHz av. .5,, 1,2~4 kHz 4kH z

Max NI PTS 90th percentile 7 dB 12 dB 28 dB
NIPTS at lO yrs. 90 percentile 4 9 24
AverageNlPlS 3 6 15
Max NIPTS 10th percentile 

— 
2 4 11 
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Effect Level Area

Hearing Loss 1 (8) < 75dB Occupational and educational
settings

L~ (24) < 70 dB All other areas

Outdoor activity 1dn < 55 dB Outdoor s in residential area s
interference and and farms and other outdoor
annoyance areas where people spend widely

varying amounts of time and
other places in which quiet is
a basi s for use .

L (8) < 55 dB Outdoor areas where people
spend limited amounts of time

- - 1 such as school yards, play-
grounds, etc .

Indoor activity L~ < 45 dB Indoor residential areas
interference and
annoyance

L (24) < 45 dB Other indoor area s with human
activities such as schools, etc .

_ __ __ _
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