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P'RfFACE 

Air and water J:>Ollution have been serious concerns of industry 
for several years. Now, a third type of pollution, industrial noise, 
has become a significant factor in the industrial environment. Federal 
and state laws have resulted in numerous standards which limit the 
exposure of workers to noise. Industry now faces a new set of problems 
with only limited e~pertise available to solve these problems. 

The purpose of this bulletin is to provide an introduction to 
this problem area; namely, the effects, measurement, and control of 
industrial noise. The contents should provide a basic familiarity 
with the general subject, whereas, the cited literature will provide 
~ detailed ind s~cific information. It is hoped that this bulletin 
will be useful as a starting point for noise abatement programs. 
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MEASURING AND CONTROLLING INDUSTRIAL NOISE 

Fred M. Larrib 
Wood Technologist 

Virginia Polytechnic Institute and State University 

I NT RO DUCT I ON 

Over the past several years, there has been an increasing concern 
over excessive noise in industry. Part of this concern stems from the 
recognition that long tenn exposures to high noise levels invite the 
risk of noise-induced hearing loss. The recognition of this potential 
health hazard has caused the promulgation of the occupational noise 
standard under the Occupational Safety and Health Act of 1970 (22). 
This standard sets 90 dBA as the maximum 8-hour exposure to steady 
state noise. Exposure to higher levels is permitted only by correspond
ingly shorter exposure times as given in the following table. 

Pennissible Noise Exposures as Contained in the 
Occupational Safety and Health Act 

Duration per Day 
(hours) 

8 

6 

4 

3 

2 

1.5 

0.5 

0.25 or less 

Sound Level 
( dBA) 

90 

92 

95 

97 

100 

102 

105 

110 

115 

NOTE: Exposure to impulse or impact noise should 
not exceed 140-dB peak sound pressure level. 



In most situations, however, workers are usually exposed to various 
levels of noise during a day. In this case, the standard states 
that when the daily exposure is comprised of two or more periods of 
noise of different levels, their combined effect should be considered 
rather than the individual effects of each. If the sum of 
Cl/Tl+ C2/T2 ... + Cn/Tn exceeds 1, then the mixed exposure is 
considered to exceed the limit. Cn is the total time of exposure 
at a specific level, and Tn is the total time of exposure permitted 
at that level. For example: suppose a worker is exposed to 90 dBA 
for 5 hours, 95 dBA for 2 hours, and 100 dBA for 1 hour. Putting 
this into the formula we find: 5/8 + 2/4 + 1/2 = 1 5/8. Since this 
exceeds 1, the level of exposure exceeds that permitted by the 
standard. For a second example: assurre an exposure of 80 dBA for 
4 hours, 90 dBA for 2 hours, and 95 dBA for 2 hours. Putting this 
into the formula we find: 2/8 + 2/4 = 3/4. Since this is less than 
1, the level of exposure is permitted. 

In essence, this standard requires that protection against the 
effects of noise be provided when the sound levels exceed those shown 
in the table. Furthermore, in all cases where the sound level exceeds 
these values, an effective, continuing hearing conservation program 
shall be administered. 

TECHNICAL BACKGROUND 

Classically, noise has been defined as unwanted sound. It has 
also been termed useless sound, sound that is unnecessary, uncomfort
able, and even unhealthy. Combining all these concepts, one of the 
most inclusive definitions for noise is unwanted sound that is capable 
of degrading or damaging some human quality. Since noise is a type 
of sound, it is desirable to begin with a discussion of the physical 
nature of sound. 

Properties of Sound 

In its simplest form, sound is defined as the vibration of a 
body in an elastic rredium (such as air). The vibrating body com
presses and expands the air and these pressure variations (sound waves) 
move outward from the disturbance. Therefore, sound as we know it 
is a variation in normal atmospheric pressure propagated in the form of 
a compressional wave moving out from a disturbance. Sound waves move 
through the air by exchange of morrentum; there is no net transfer of 
matter away from the source. This movement of sound waves is a 
similar situation to the ripples on a pond caused by a stone entering 
the water. 
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The speed with which sound waves travel is dependent upon the 
properties of the medium in which they travel and not on the frequency 
or amplitude of the sound. In air, speed is a function of the 
elasticity and density of the air. If we assume that air behaves as 
an ideal gas, which is a reasonable assumption for most temperatures 
and densities encountered, then the speed of sound in air is dependent 
only upon the absolute temperature of the air. For most purposes, the 
speed of sound in air is regarded as 1128 feet per second, which assumes 
a temperature of about 70° F. 

Referring again to our definition of sound, a vibrating body sets 
up waves of increased and decreased pressures. f One complete vibration 
of the body corresponds to one complete cycle of pressure change. The 
number of pressure cycles per unit of time defines the frequency of the 
sound wave. / Thus, when the pressure changes through a complete cycle 
1000 times per second, the frequency of this tone is said to be 1000 
hertz (Hz) or 1000 cycles per second (cps). The units Hz and cps are 
synonymous, but most agencies have adopted Hz as the preferred unit 
of frequency. \The range of frequencies that most concerns us is 
classified as the sonic range, 20-20,000 Hz.\ 

An octave is any frequency range in which the value of the upper 
frequency is twice the value of the lower frequency. The octave bands 
conmonly used prior to 1960 had such frequency limits as 75-150 Hz, 
150-300 Hz, 300-600 Hz, 600-1200 Hz, etc. This older notation defined 
octaves in terms of their lower and upper cutoff frequencies. Beginning 
about 10 years ago, the method of designating the octave bands was 
changed from designation of cutoff frequencies as shown above to desig
nation of the center frequency of the band (3,4). Unfortunately, the 
center frequency of an octave band is not the arithmetic mean of the 
low and high frequencies, but their geometric mean. This makes the 
center frequency numerically equal to the lower cutoff frequency 
multiplied by the square root of 2. The center frequencies of the 
new octave bands start at 1000 Hz and extend up and down in frequency. 
The low frequency cutoff is determined by multiplying the center 
frequency by 0.707. The upper cutoff frequency is calculated by two 
times the lower cutoff frequency. As an example, if the center 
frequency is 2000 Hz, the lower frequency cutoff is 1414 Hz and the 
upper frequency cutoff is 2828 Hz. 

The distance that a sound wave travels in one cycle is called the 
wavelength of the sound. The wavelength is determined by: 

c 
>. = f 

where: >. = wavelength in feet 

c = speed of sound in feet per second 

f = frequency in Hz. 
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The basic measurement of the quantity of sound can be expressed 
in terms of power or pressure such as: 

(1) Sound pressure - the instantaneous change in pressure at 
a point resulting from sound vibration, usually expressed 
in microbars. A microbar is equal to 1 dyne per square 
centimeter. 

(2) Sound power - the total acoustic power radiated by a sound 
source, usually expressed in watts. 

There is a tremendous range in values associated with these quantities; 
for example: a very soft whisper involves a total power radiation of 
lo-9 watt, while a large jet at takeoff can radiate almost 105 watts. 
A similar situation exists for sound pressure which ranges from 0.0002 
microbar at the threshold of hearing up to 105 microbars associated 
with a jet engine. Because of the wide range of these values, a more 
convenient scale was needed; the one chosen was the decibel. 

The decibel is a logarithmic scale for expressing a sound pressure 
or sound power with respect to a reference quantity. Note that the 
word level is used when the numerical value is expressed in decibels 
(abbreviated dB). 

Decibel Scale Definition Reference Ouanti ty 

Sound Pressure Leve 1 20 
p 

Pr= 0.0002 microbar log10 p 
SPL r 

Sound Power Level 10 w Wr = lo-1 3 watt 10910 Wr 
PWL 

At this point, we reemphasize that the decibel scale is logarithmic. 
This me.ans that for every 3 dB increase there is a doubling of the 
sound energy (power); for every 6 dB increase there is a doubling of 
the sound pressure. 

Decibels cannot be added directly because of the logarithmic 
relationship. The correct procedure would be to con_vert the decibels 
to energy ratios, add the ratios, and reconvert the sum to decibels. 
A simpler procedure is to use a graph or table such as follows: 
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Difference between 
Leve 1 s in dB 

0 

1 

2 

3 

4 

5 

6 

7 

8 

10 

Number of dB to be Added 
to the Higher Level 

3.0 

2.5 

2 .1 

1. 8 

1.5 

1. 2 

1.0 

0.8 

0.6 

0.4 

In combining decibels by this procedure, the two highest are 
combined first. The total thus obtained is combined with the next 
highest remaining, and so on. For example, the combined sound level 
of two noise sources of 90 dB each is 93 dB. If a third noise 
source of 85 dB were added, the total sound level would be 93.6 dB. 

The apparent loudness that we attribute to a sound varies not 
only with the sound pressure but also with the frequency. This effect 
can be taken into account by a frequency weighting system. / If this 
weighting system, designated as A, B, and C, is incorporated into a 
meter designed to measure sound pressure levels, the result is a 
sound level meter. The A and B weighting networks discriminate 
against low frequencies (below 1000 Hz), whereas the C network does 
so only slightly. The A network simulates the response character
istics of the ear. /'Sound level is measured in decibels; however, to/ 
be completely meaningful, the network letter must be included. Thus, 
we have the notation dBA, meaning decibels measured with the A 
network. The A and C networks can be used to provide some indication 
of the frequency distribution of the sound. If the level is essentially 
the same on both the A and C network, the sound probably predominates 
in the frequencies of 1000 Hz and above. If the C level is greater 
than the A level by a couple of decibels, then the sound probably 
predominates in the frequencies of under 1000 Hz (even under 600 Hz). 
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Sound Fields 

In the rreasurement of noise from a specific noise source, such 
as a machine, there are several concepts we must consider. With an 
ideal noise source, the sound energy would decrease by the square of 
the distance from the source, the inverse square law. This would 
amount to a 6 dB drop with a doubling of the distance. However, 
most noise sources are not ideal. For most noise sources, the sound 
pressure level (SPL) near the source does not change as dictated by 
the inverse square law. This region is called the near field. 
However, at some distance from the noise source, the SPL does begin 
to follow the inverse square law. This region is called the far 
field. A method of calculating the approximate boundary between 
these two regions is by use of the wavelength of the lowest dominant 
frequency of the sound source. The wavelength can be calculated 
based on the equation in the previous section. The far field will 
be at least 1 wavelength away from the noise source. 

We also encounter another phenomenon in practice. We can never 
assume that there will be no reflections. Eventually, as you move 
away from a noise source located in a building, the reflected sound 
level can be greater in magnitude than the sound level received 
directly from the source. We then say we have left the free field 
and have r.ow entered the reverberant field. In the reverberant field, 
the SPL remains almost constant as we move away from the noise source. 
Most 11Easurements should be made in the free field and in the far field 
where practical (these two fields overlap). For additional information 
on the properties of sound, see Peterson and Gross (19), Beranek (7), 
and Harris (13). 

EFFECTS OF NOISE EXPOSURE 

Exposures to the noise levels found in industry are usually the 
most intense and sustained of any noise exposure. The real or alleged 
effects of occupational noise exposure include: (1) a loss of hearing 
acuity, (2) physical and psychological disorders, (3) interference 
with speech communication, and (4) disruption of job performance. 
Each of these areas will be discussed in detail. 

Physiological 

Exposure to intensive noise for long durations may cause hearing 
loss. · This noise-induced hearing loss is probably the most serious 
physical health hazard associated with industrial noise. The loss may 
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be temporary or permanent, or a combination of both. Temporary 
hearing loss called temporary threshold shift (TTS) or auditory 
fatigue represents a loss of hearing acuity that occurs after an 
exposure to noise; hearing is recoverable after a period of rest 
for the ears away from noise. With continuing exposure for months 
or years to intensive noise, a nonrecoverable or irreversible hearing 
loss occurs. This loss is termed permanent threshold shift (PTS). 
Both TTS and PTS refer to shifts in the threshold or beginning level 
of hearing. 

Noise-induced hearing loss may be either conductive or neural. 
The conductive-type termed acoustic or blast trauma results from a 
sudden explosion of noise that may rupture the eardrum or even dis
lodge the ossicular chain. Most hearing loss caused by noise is of 
the neural-type, and the location of the disorder is in the cochlea 
of the inner ear. Within the cochlea are four rows of hair cells 
projecting upward from a membrane. These hair cells and their 
supporting structures constitute the Organ of Corti, the auditory 
sense organ. It appears that excessive noise for 1 ong durations 
can cause overstimulation and therefore degeneration of these hair 
cells. For more detailed discussion of the functioning of the ear 

and the effect of noise, see Kryter (15), Sataloff (21), Bekesy (6), 
G 1 orig ( 11 ) , and Cohn , et a 1 . ( 9) . 

There is at present much conjecture as to whether excessive noise 
can cause other physical health problems, other than hearing loss 
(15, 20, 23). It has been shown that noise can trigger changes in 
cardiovascular, neurologic, and other physiologic functions with 
correlated feelings of distress. The issue, however, iS whether 
repeated noise-induced changes of this nature ultimately result in a 
malfunctioning of these processes. Scattered evidence for both 
points of view exists, but more systematic work needs to be done in 
this area. 

' · 

Psychological and Ergonomic 

Since this topic concerns industrial noise only, the psychological 
and ergonomic effects of noise will be treated together. This approach 
is used since in the industrial environment we are concerned with the 
effects of noise on the psychological state as it may relate to the 
ability to perform a task or cope with job demands. 

The effect of noise on worker performance is highly variable and 
depends to a great extent upon the intensity and frequency of the noise, 
the task being perfonned, and the attitude of the worker. Laboratory 
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studies have shown that tasks involving simple, repetitive operations 
are generally not affected by noise (13, 15). However, for tasks invol
ving machine and process monitoring or quality control inspection, a 
loss in performance due to noise can be shown (8, 14). 

The annoyance potential of noise is well known. However, the 
factors of worker fatigue and heightened irritability due to high 
ambient noise levels have received only scattered attention. The 
relationship of noise to accident rate, absenteeism, employee turn
over, and morale is still uncertain. The difficulty in establishing 
the relationship between noise and many of these factors stems from 
the fact that field studies cannot control all the outside variables 
such as worker motivation or attitude toward a job or supervisor in 
order to obtain valid, reliable data. 

One of the most noticeable effects of noise on man and his 
performance is that it interferes with his ability to use voice 
communication. A noise that is not intense enough to cause physical 
harm may still disrupt speech communication. In this instance, noise 
can greatly affect performance of tasks requiring communication by 
masking speech. Efficiency is lowered, and the worker is placed in 
a stressed situation of having to compete with the noise in order to 
accomplish his tasks. On-the-job training is made more difficult 
when noise masks the communication between instructor and trainee. 

NOISE MEASUREMENT 

At the present time, there is a wide variety of equipment available 
for noise measurement. The choice of which instruments to use will 
depend upon the type of r1oise encountered and the purpose for which the 
measurements are taken. The following are some of the more important 
instruments and allied equipment. 

The basic instrument for the measurement of noise is the sound 
level meter. It consists primarily of a microphone, an amplifier, 
weighting networks, and a meter. Because of the need for varying 
levels of precision and absolute accuracy, several types of sound 
level meters are available. These are: Type I - Precision, Type II -
General Purpose, Type III - Survey, and Type S - Special Purpose. The 
Type I meter is a precision instrument which has tighter tolerances 
than are required in the American National Standards Institute (ANSI) 
standard Sl.4-1971. The Type II meter is a general purpose meter 
which conforms to ANSI standard Sl.4-1971. The Type III survey meters 
are not designed to meet the ANSI standards. They are used for rapid 
screening or to make approximate surveys. The Type S meters are 
designed for specific applications~ The microphone is probably the 
most important part of the equipment, since the quality of the results 
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can be no better than the quality of the signal produced by the 
microphone. The frequency response, sensitivity, directionality, and 
range of a sound level meter are primarily determined by its microphone. 

In many cases, the single number value obtained by the sound 
level meter is not sufficient for evaluating the effects of the noise 
or for designing control procedures. In these situations, the distri
bution of sound pressure level by frequency is necessary. The instru
ment used to determine this frequency pattern is called an analyzer. 
The most practical and widely used analyzer for industrial noise 
studies is the octave band analyzer. The instrument usually incor
porates about ten octave bands with center frequencies from 31.5 to 
16,000 Hz. For unusual or difficult noise sources, the half octave 
or third octave band analyzer may be needed. The two other types of 
analyzers, the constant bandwidth and the constant-percentage bandwidth, 
are primarily laboratory instruments. 

The overall acoustic check of a sound level meter, including its 
microphone, can be made by using an acoustic calibrator. The 
calibrator is a source of precisely known sound pressure levels at 
various frequencies. The calibrator ensures that the equipment is 
giving proper readings. 

There are types of noise measuring and allied equipment designed 
to meet specific needs. The impact noise analyzer is used to measure 
noise from impact or impulse sources such as punch presses or forging 
hammers. The cathode-ray oscilloscope affords a method for observing 
the waveform of the noise and can be used to measure imp act noise. 
The magnetic tape recorder is a noise analysis tool. With the recorder, 
a noise can be taped in the field and later analyzed in the laboratory. 
Such a recorder must be of high quality with a flat frequency response 
characteristic. A graphic level recorder provides a permanent record 
of the noise characteristics by tracing a graph on a moving paper. 
Noise exposure monitors and calculators are used to measure, calculate, 
and accumulate the noise level-time duration measurements. Noise 
dosimeters of many types are available which accumulate the noise dose 
over time received at a particular location or by a particular 
i'ndi vi dua 1. 

Measurement Considerations 

for most industrial noise measurements (except a simple survey 
using a sound survey meter), the equipment needed includes a sound level 
neter and/or octave band analyzer, an acoustic calibrator, and microphone 
extension cables. Before beginning the measurements, the equipment 
should be turned on and allowed to warm up, all batteries checked, and 
the instrument acoustically calibrated. 
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The area in which the measurements are to be made should be inves
tigated to determine what measurements would be representative. The 
possible effects of obstacles on the distribution of sound should be 
considered. The microphone should be located at the side of the 
operator and not between the operator and the noise source. Wind can 
produce appreciable effects. When necessary, a windscreen should be 
used. Meters can be affected by mechanical vibration, very intensive 
noise fields, and electrical equipment. This situation should be 
noted and the use of an appropriate microphone or an extension cable 
may be considered. 

For a general noise survey, the following data should be recorded. 

1. Equipment used. 

2. Corrections for measured values such as cable, temperature, 
and acoustical calibration. 

3. Time and date of the survey and name of person conducting 
the study. 

4. Description of the area (detailed). 

5. Description of the noise source including operatinq 
conditions. 

6. Description of secondary noise sources. 

7. Type of noise control measures in use (if any). 

8. Overall and octave band levels at each microphone position 
and extent of meter fluctuation. 

9. Meter speed and weighting network used. 

10. Position of the microphone and direction of the sound. 

11. Time pattern of the noise. 

12. Personnel exposed and their location. 

INDUSTRIAL NOISE LEVELS 

It is common experience that many, if not most, production and 
processing facilities create noise. The real question is how much. 
The following data on noise levels have been summarized from numerous 
sources, both published and unpublished. The first portion represents 
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average values of rreasurements taken at the operator 1 s station with 
the machine under operational conditions. The second portion represents 
average values of measurements taken at about 50 feet from the equipment 
under operational conditions. It must be appreciated that the type or 
model of the machine, degree of maintenance, type of material worked, 
operating conditions, general environment, and numerous other variables 
will all affect the noise level. These data are presented for example 
only; some situations will be better, others may be worse. 

Noise Levels at Primary Operator 1 s Station 

( dBA) (dBA) 

Riveting Machine 108- 112 Pneumatic Grinders and Chippers 90-115 

Punch Press 108-11? Portable Grinder 90-95 

Sandblasting 108-112 Ram Turret Lathe 90-95 

Blow Molding Machine 103-107 Industrial Trucks (LP Gas) 88-92 

Pneumatic Peen Hammer 100- 103 Engine Lathe 88-92 

Cut-Off Saw 98- 102 Me ta 1 She a ri n g 85-97 

Forge Hammer 98-105 Milling Machine 85-90 

Band Saw 97-102 Trans formers 83-86 

Air Compressor 95-100 Paint Sprayer 83-87 

Automatic Screw Machine 95-100 Pumps 80-93 

Chain Saw 92- 115 
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Noise Levels at 50 Feet from Equipment 

( dBA) 

Pile Ori ver 95-105 

Jack Hammer 82-98 

Trucks 82-95 

Graders, Scrapers '80-92 

Tractors 75-95 

Movable Crane 75-87 

Compressor 75-88 

Front Loader 73-85 

Backhoe 72-92 

Concrete Mixer 72-88 

NOISE CONTROL AND ABATEMENT 

At this point, it would be nice to list several cookbook procedures 
for reducing the noise levels in industrial operations. Unfortunately, 
noise problems are very complex. The answers are not simple and they 
do not come easily. To a great extent, noise problems are highly 
individualistic even where the same equipment and processes appear to be 
involved. Although the complexities of industrial noise sources and 
varied plant environments require empirical solutions, the basic 
acoustical principles of noise control are fairly well established and 
should serve as the starting point. 

One additional point about noise control must be emphasized: in 
order to control noise, large reductions in energy must be achieved. 
For example, a reduction of 3 dB requires a 50% reduction in energy; a 
reduction of 10 dB requires a 90% reduction in energy. Therefore, it 
becomes very important to study the problem thoroughly before attempting 
any reduction methods. 

-12-



The first step in a noise control program must be a complete noise 
level survey of the operation to determine the sources of the noise and 
their levels. The initial part may be a simple sound level survey taken 
at various worker stations. This will give a quick picture of the noise 
exposure of the employees and an idea of the extent of the problem. In 
order to effect control, you will need additional information. Sound 
pressure levels at various frequencies (such as an octave band analysis) 
will provide much of this additional information. These data should be 
obtained for each noise source and each worker station. 

Engineering Control 

Engineering control means controlling the noise at its source or 
along its pathways. In the case of pathways, we are dealing with two: 
(a) noise carried along by the machine base or foundation and connecting 
attachments to the machine, called structuralborne noise, and (b) noise 
radiating in any or all directions in the air, called airborne noise. 

Control of noise at the source. Of the many ways of dealing with 
noise at its source, one of the simplest and most effective can be summed 
up in two words--proper maintenance. Simple things like proper lubrication; 
replacement or adjustment of worn, loose, or unbalanced parts; and the use 
of the proper rpm can help reduce the noise level of machinery by a 
couple of decibels. In some cases, the covers, shields, or other parts 
are loose and vibrate - with resulting high noise levels. This can be 
readily corrected by properly securin9 these covers. Proper maintenance 
should be the first consideration in reducing noise at its source. 

When noise control by modification of the source is attempted, one 
of the most important changes that can be made is to decrease the 
radiated power. This will usually then result in a reduction of vibration 
and the radiation of sound caused by the vibration. In order to attempt 
this type of control, a clear picture of the exact source of the noise, 
its pathway in the equipment, and its frequency analysis are required. 

Some of the techniques used to reduce radiated power are: 

(a) the use of vibration isolation mounts 

(b) the decrease or even the increase in stiffness in some 
members transmitting the vibration 

(c) fastening some members to massive, rigid members 

(d) use of mufflers on exhaust or intake systems 
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(e) change in the directivity pattern of the sound 

(f) altering the radiating surface to reduce the efficiency 
of radiating sound (such as the use of holes in the surface 
or damping material). 

It should be mentioned that new equipment is coming on the market 
which operates at lower noise levels, such as those equipped with 
special gear systems, mufflers, or acoustic enclosures. Others will 
surely follow. 

Structuralborne transmission. Vibrations can be transmitted for 
long distances with little attenuation through solids. Once vibration 
is transferred to a solid such as the floor, it can set into motion 
(oscillation) a flexible partition, floor section, or other panel and 
generate a large amount of sound. Therefore, s0lidborne noise should 
be suppressed at the source where possible. This can be done by 
breaking the transmission path such as by usinq flexible mounts 
(vibration isolators of spring steel and/or rubber pods). It may also 
mean the use of flexible couplinqs on shafts, connecting oipes, or 
other connecting members, and the use of damping material in ducts and 
conveyors. 

Airborne transmission. Increasing the distance between the noise 
source and the workers is often an effective method of control, but 
unfortunately, not always practical. Where possible, this method 
should be considered since ideally doubling the distance results in a 
6 dB drop (in practice only 4-5 dB is actually achieved). Another 
possibility is to rotate the noise source and position it in another 
direction, especially if the source has a highly directional noise 
emission. It should be noted that both of these procedures are 
effective only in the region that approximates free-field conditions. 

A number of different types of attenuating structures are used 
for reducing airborne noise such as walls, barriers, baffles, and total 
enclosures. Almost any degree of attenuation can be achieved by a 
total enclosure or series of enclosures. However, as the required 
attenuation increases, so does the complexity, weight, and cost of the 
enclosure and the difficulty of equipment operation. Also, care must 
be taken so that the attenuation gqined by the enclosure is not lost 
by sound transmission through a ventilating duct or by solidborne 
transmission. Because of the possibility of sound movement through 
ventilation systems, total enclosures usually require carefully 
designed ventilation systems with ducts lined with absorbing material. 
Also, care must be taken not to starve the exhaust system when using 
an enclosure on machinery. Sufficient make-up air must be provided 
to the system but in a manner to avoid any noise leakage. When a 
door or other means of access is required in the enclosure, it should 
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be built with airtight seals at all joints, such as the refrigerator
type door. Properly designed enclosures may give 20-40 dB reduction 
depending upon the materials used. The space available, mechanical 
conveying equipment, and attachments in many cases dictate the design 
and type of enclosure (if one is even possible). In most cases after 
specifying the noise spectrum, the plant layout, space available, 
adjacent machinery, and labor and p-roduction requirements, each 
enclosure becomes a design by itself, eliminating the possibility of 
standardization for the present. This is especially true for older 
plants with older machinery. 

A barrier is not as efficient as a total enclosure, but it does 
help to shield some high frequency sound. Unless they are massive, 
most barriers are poor attenuators of low frequency sound. Barriers 
can be constructed of many types of materials, such as 3/4-inch or 
1-inch plywood with a sound-absorbing material on the inside facing 
the noise source. This type of barrier will provide a shadow effect 
and may give 10-15 dB protection to the workers on the outside of the 
barrier within the sound shadow. 

One of the most obvious changes that can be made in an area to 
reduce the noise levels is to add acoustical absorbing materials 
including the use of baffles. A wide variety of materials are conmer
cially available. These materials can be of great assistance in a 
noise reduction program, but the limitations of this type of treatment 
should be realized. In many cases, absorption will only give up to 
a 10 dB reduction. 

Absorption and transmission. The reduction in sound energy 
through a wall or partition is usually expressed as transmission loss 
(TL) in decibels. The transmission loss is equal to the number of 
decibels by which the sound energy striking the partition is reduced 
in passing through it. The average transmission loss of a rigid 
partition increases about 4 or 5 dB each time its weight is doubled 
(theoretically 6 dB). Transmission loss also increases as the frequency 
is increased. When sound is transmitted through a porous material, a 
part of the sound is lost as heat due to the motion of the air within 
the pores of the material. These losses are the reason for the sound 
insulation value of porous material. If the porous material is uniform, 
the fractional loss of sound through the first inch of the material is 
about the same as the fractional loss through the next inch. In general, 
transmission loss provided by a porous material is directly proportional 
to the thickness of the material, whereas for a homogeneous nonporous 
(rigid) material the transmission loss increases as the logarithm of 
the mass (known as the mass law). 

The efficiency of a material in absorbing acoustic energy at a 
specified frequency is given by its absorption coefficient at that 
frequency. This quantity is the fractional part of the energy of the 
striking sound wave that is absorbed by the material. 
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The reverberation time or the time it takes for a specified sound 
to die away to one-thousandth of its initial pressure (.i.e., a 60 dB drop) 
can be helpful in determining whether additional sound absorption would 
be effective. For additional information on this technique, see Peterson 
and Gross (19), Beran~k (7), or Harris (13). 

Administrative Control 

Administrative control usually means limiting the duration of the 
worker's exposure in accordance with the limits of the Federal noise 
standard. The following are several examples: 

(a) 

(b) 

(c) 

(d) 

Arrange work schedules so that employees working at or near 
90 dBA are not exposed to any higher levels. 

Ensure that employees who have reached the upper limit of 
exposure for the day are scheduled to work in an area with 
the noise level well below 90 dBA. 

Where the manhours required for a job exceed the permissible 
duration of exposure for one man in 1 day, divide . the job 
between two or more men. 

If only periodic use is made of a very noisy machine, 
arrange to have it run only a small part of each day rather 
than all day for only part of the week. 

For many companies, a major shuffling of the work force each day is just 
not very practical. Yet, with careful preplanning, some rearrangement 
of work schedules is possible. 

Ear Protective Devices 

It should be emphasized that the use of personal protective 
equipment is considered by the Department of Labor as an interim 
measure only. The emphasis is on engineering or administrative control, 
and ear protective devices are used only while working to achieve this 
more permanent form of noise control, if feasible. 

Basically, there are three classes of ear protective devices: 

(a) Ear plugs are worn in the ear and are usually made of soft 
plastic. Two disposable types are made from spun fiberglass 
wool and wax impregnated wool. Plain cotton is not acceptable 
for it has a 1 ro1ost no attenuation va 1 ue. 
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(b) Ear muffs are designed to cover the ears with muff-like cups. 

(c) Helmets cover the ears and also the head to prevent bone 
conduction of the noise. They are used in very high noise 
level areas and are rarely used in typical manufacturing 
operations. 

Properly fitted ear plugs are basically equal in noise attenuation 
ability to properly fitted muffs. On the average, however, muffs will 
usually give a few more decibels of attenuation. Ear plugs come in 
various sizes and to be effective they must be fitted to the individual. 
Even those formed by the worker himself, such as the wax or glass wool 
types, must be properly formed and inserted. As a note, use only those 
devices for which the manufacturer provides an attenuation curve or chart 
and states that they have been tested in accordance with the ANSI standard 
Z24.22-1957 (1). Since these attenuation values are laboratory situations, 
a good rule of thumb is to reduce them by 5 dB to obtain the approximate 
attenuation values achieved in practice. In the case of muffs, long hair 
or safety and eyeglasses may interfere with the seal made by the cushioned 
edges of the muff and thereby reduce the attenuation even more. 

The best ear protective device is one that will attenuate the noise 
to an acceptable level and one that the employees will wear. Getting 
employees to use protectors, and use them correctly, is by far the major 
problem. To be effective, both plugs and muffs must fit tightly, almost 
to the point of slight pressure. This usually brings out employee 
resistance. It may create a worse situation of the employee tampering 
with the plug or muff to make it feel better, but unfortunately, making 
it worthless for noise attenuation. A highly concentrated educational 
and promotional program is usually required when attempting to initiate 
the use of ear protective devices. The vigorous support of all levels 
of management is definitely required. 

Contrary to popular belief, wearing ear protectors will not prevent 
the understanding of speech or hearing of warning signals. Actually, 
in most noise environments, ear protectors facilitate the ability to 
hear voice comnunications. This is because the ear protector, in . 
reducing both the level of speech and noise, creates a condition in 
which the relationship between the two is more favorable to understanding. 

THE HEARING CONSERVATION PROGRAM 

The purpose of the occupational noise exposure standard is to prevent 
noise-induced hearing loss and thus, to protect the hearing of employees. 
This is also the purpose of a hearing conservation program. In its 
broadest sense, a hearing conservation program consists of three parts: 
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l. The assessment of noise exposure which consists of locating 
the noise hazards and determining their magnitude 

2. The control of noise exposure which consists of initiating 
noise reduction measures 

3. The measuring of employee hearing which consists of determining 
if employee hearing is being affected and to what extent. 

The first two parts have already been discussed. The third area, the 
measurement of hearing, is essentially audiometry. 

Audiometry 

Audiometry is crucial to any effective hearing conservation program. 
It is presently the only reliable means of determining whether or not 
the hearing of employees is being adversely affected by noise. In this 
sense, audiometry is the method of gauging the success of a hearing con
servation and noise reduction program. The audiometric testing may be 
done at the plant with company-owned equipment or outside the plant by 
contract with an audiometric testing service or audiologist. If in-plant 
testing is used, be sure the audiometric technician or nurse works directly 
under the supervision of a certified audiologist or physician. Detailed 
records of the audiometer calibration and the medical history and audio
grams of each person tested must be carefully maintained. Only in this 
way can their legal value be preserved. It should be emphasized that 
it is a definite advantage to obtain a baseline audiogram for each new 
employee before they start working. After that, periodic retests should 
be scheduled every year or two. With regard to existing employees, the 
place to begin is with the first one and the time to do it is now. Many 
people hesitate to conduct audiometric tests on their present employees 
for fear of a rash of compensation claims. If the audiometric testing 
program is carefully established and run in conjunction with a noise 
control and ear protection program, this will usually not happen. In 
fact, most companies who have established their audiometric testing 
program have not experienced any increase in compensation claims for 
hearing loss. It all depends upon how well the program is organized 
and presented to the employees. 

A discussion of the principles and procedures of pure-tone audio
metry are beyond the scope of this abbreviated discussion. Additional 
information on this topic can be obtained from Glorig (12), Employers 
Insurance of Wausau (10), Newby (18), or National Safety Council (17). 
However, a few comments are in order. The audiometer and test facilities 
should meet the appropriate ANSI standards (2, 5). The question of the 
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use of automatic or manual audiometers will depend to a great extent 
upon economics and the number of employees to test. For a large work 
force, the use of an automatic audiometer may prove to be most economical. 
On the other extreme, for very small companies, contracting with an 
audiometric testing organization or medical facility may be the most 
feasible alternative. 

THE NOISE CONTROL PROGRAM 

Industrial noise control is not an easy problem; there are no pat 
solutions or cookbook answers. The only effective way to attack the 
problem is by a well-defined, practical program devised to coordinate 
the various activities, monitor the individual results, and guide the 
future actions. Piecemeal or hit-and-miss approaches just cannot solve 
the real problem and may result in a less effective, though more costly, 
venture. A good noise control program should emphasize the following 
four activities. 

Noise Survey. A complete and detailed survey should be made 
of the noise sources, noise characteristics, and employee 
exposures. Based on these data, control programs can be 
developed, personal protective equipment evaluated, and prior
ities set. A good priority is the worst areas first, based on 
noise level and number of employees exposed, concurrent with 
those noise sources most easily corrected. 

Medical. The basis of this activity is a well-established 
audiometric testing program to include pre-employment testing 
and regular checkups. All employees should be included in the 
testing program. 

Engineering. Based on the data from the noise survey, the 
engineering control programs are developed with a view to the 
control of noise at its source or along its pathways. This 
phase must be practical and planned to meet the needs of each 
particular situation as defined by the noise survey. 

Personal Protective Equipment. This activity should be insti
tuted while working toward engineering control for those employees 
exposed to excessive noise levels. 

The time spent in planning and developing the noise control 
program will return savings not only in time and money but also in 
su.ccessful accomplishment of the objectives. The engineering control, 
hearing conservation, and ear protective device programs all have one 
major element in common--they require the vigorous support of manage
ment in order to succeed. The success of a noise control program is 
usually directly proportional to the interest and support of management. 
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