Il. BACKGROUND INFORMATION
A. What Is Noise?

Occupational noise can be any soundin any work environment.

A textbook definition of soundis “a rapid variation of atmospheric pressure caused by some
disturbance of the air.” Sound propagates as a wave of positive pressure disturbances
(compressions) and negative pressure disturbances (rarefactions), as shown in Figure 1. Sound
can travel through any elastic medium (e.qg., air, water, wood, metal).

Figure 1. Sound Waves
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When air molecules are set to vibrate, the ear perceives the variations in pressure as sound
(OTM/Driscoll). The vibrations are converted into mechanical energy by the middle ear,
subsequently moving microscopic hairs in the inner ear, which in turn convert the sound waves
into nerve impulses. If the vibrations are too intense, over time these microscopic hairs can be
damaged, causing hearing loss. Noise is unwanted sound. In the workplace, soundthat is
intense enough to damage hearing is unwanted and, therefore, is considered to be noise.

Several key terms describe the qualities of sound. These qualities influence how it affects
hearing and health, howit is measured, and howit can be controlled. Effective occupational
noise investigations require the investigator to understand these basic terms.

B. Basic Qualities of Sound

Figure 2. Wavelength
1. Wavelength

The wavelength (A) is the distance /_\ /_\ /
traveled by a sound wave during / v v

one sound pressure cycle, as

shown in Figure 2. The

wavelength of sound is usually

measured in meters or feet. Wavelength is important for designing engineering controls. For
example, a sound-absorbing material will perform most effectively if its thickness is at least one-
quarter the wavelength.
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2. Frequency

Frequency, f, is a measure of the number of vibrations (i.e., sound pressure cycles) that occur
per second. Itis measured in hertz (Hz), where one Hz is equal to one cycle per second.

Sound frequency is perceived as pitch (i.e., howhigh or lowa tone is). The frequency range
sensed by the ear varies considerably among individuals. A young person with normal hearing
can hear frequencies between approximately 20 Hz and 20,000 Hz. As a person gets older, the
highest frequency that he or she can detect tends to decrease.

Human speech frequencies are in the range of 500 Hz to 4,000 Hz. This is significant because
hearing loss in this range will interfere with conversational speech. The portions of the ear that
detect frequencies between 3,000 Hz and 4,000 Hz are the earliestto be affected by exposure
to noise. Audiograms often display a 4,000-Hz “Notch” in patients who are developing the
beginning stages of sensorineural hearing loss.

3. Speed

The speed at which sound travels, ¢, is determined primarily by the density and the
compressibility of the medium through which it is traveling. The speed of sound is typically
measured in meters per second or feet per second.

Speed increases as the density of the medium increases and its elasticity decreases. For
example:

e Inair, the speed of sound is approximately 344 meters per second (1,130 feetper
second) at standard temperature and pressure.

¢ Inliquids and solids, the speed of sound is much higher. The speed of sound is about
1,500 meters per second in water and 5,000 meters per second in steel.

The frequency,wavelength, and speed of a sound wave are related by the equation
c=fA

Where c = speed of sound in meters or feet per second, f = frequency in Hz, and A = wavelength
in meters or feet.

4, Sound Pressure

The vibrations associated with sound are detected as slight variations in pressure. The range of
sound pressures perceived as sound is extremely large, beginning with a very weak pressure
causing faint sounds and increasing to noise so loud that it causes pain.

The threshold of hearing is the quietest sound that can typically be heard by a young person
with undamaged hearing. This varies somewhat among individuals but is typically in the
micropascal range. The reference sound pressure is the standardized threshold of hearing and
is defined as 20 micropascals (0.0002 microbars) at 1,000 Hz.

The threshold of pain, or the greatest sound pressure that can be perceived without pain, is
approximately 10 million times greater than the threshold of hearing. Itis, therefore, more
convenient to use a relative (e.g., logarithmic) scale of sound pressure rather than an absolute
scale (OTM/Driscoll).
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5. Decibels

Noise is measured in units of sound pressure called decibels (dB), named after Alexander
Graham Bell. The decibel notation is implied any time a “sound level” or "sound pressure level"
is mentioned.

Decibels are measured on a logarithmic scale: a small change in the number of decibels
indicates a huge change in the amount of noise and the potential damage to a person’s hearing.

The decibel scale is convenient because it compresses sound pressures important to human
hearing into a manageable scale. By definition, 0 dB

is set at the reference sound pressure (20 Click here to compare the
micropascals at 1,000 Hz, as stated earlier). At the decibel levels generated by
upper end of human hearing, noise causes pain, familiar noise sources.

which occurs at sound pressures of about 10 million
times that of the threshold of hearing. On the decibel
scale, the threshold of pain occurs at 140 dB.

This range of 0 dB to 140 dB is not the entire Figure 3. Decibel Scale
range of sound, but is the range relevant to

human hearing. (Figure 3) Typical Sound Levels (dBA)
Decibels are logarithmic values, so it is not
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knowledge of the relationships between:

¢ A sound field (aregion in which sound is
propagating) and two related concepts.

e Sound pressure (influenced by the energy [in terms of pressure] emitted from the sound
source, the distance from the sound source, and the surrounding environment).
(OTM/Driscoll)

e Sound power (sound energy emitted from a sound source and not influenced by the
surrounding environment).

Sound fields are categorized as neatr field or far field, a distinction that is important to the
reliability of measurements. The nearfield is the space immediately around the noise source,
sometimes defined as within the wavelength of the lowest frequency component (e.g., a little
more than 4 feet for a 25-Hz tone, about 1 foot for a 1,000-Hz tone, and less than 7 inches for a
2,000-Hz tone). Sound pressure measurements obtained with standard instruments within the
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near field are not reliable because small changes in position can result in big differences in the
readings.

The far field is the space outside the near field, meaning thatthe far field begins at a point at
least one wavelength distance from the noise source. Standard sound level meters (i.e., type |
and type Il) are reliable in this field, but the measurements are influenced by whether the noise
is simply originating from a source (free field) or being reflected back from surrounding surfaces
(reverberant field).

A free field is a region in which there are no reflected sound waves. In a free field, sound
radiates into space from a source uniformly in all directions. The sound pressure produced by
the source is the same in every direction at equal distances from the point source. As a principle
of physics, the sound pressure level decreases 6 dB, on a Z-weighted (i.e., unweighted) scale,
each time the distance from the point source is doubled. This is a common way of expressing
the inverse-square lawin acoustics and is shown in Figure 4.

Figure 4. Sound Pressure Levels in a Free Field
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If a point source in a free field produces a sound pressure level of
90 dB at a distance of 1 meter, the sound pressure level is 84 dB
at 2 meters, 78 dB at 4 meters, and so forth. This principle holds

true regardless of the units used to measure distance.

Free field conditions are necessary for certain tests, where outdoor measurements are often
impractical. Some tests need to be performed in special rooms called free field or anechoic
(echo-free) chambers, which have sound-absorbing walls, floors, and ceilings that reflect
practically no sound.

In spaces defined by walls, however, sound fields are more complex. When sound-reflecting
objects such as walls or machinery are introduced into the sound field, the wave picture
changes completely. Sound reverberates, reflecting back into the room rather than continuing to
spread away from the source. Most industrial operations and many construction tasks occur
under these conditions. Figure 5 diagrams sound radiating from a sound source and shows how
reflected sound (dashed lines) complicates the situation.
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Figure 5. Original and Reflected Sound Waves
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The netresultis a change in the intensity of the sound. The sound pressure does not decrease
as rapidly as it would in a free field. In other words, it decreases by less than 6 dB each time the
distance from the sound source doubles.

Far fromthe noise source—unless the boundaries are very absorbing—the reflected sound
dominates. This region is called the reverberant field. If the sound pressure levels in a
reverberant field are uniform throughout the room, and the sound waves travel in all directions
with equal probability, the sound is said to be diffuse.

In actual practice, however, perfectly free fields and reverberantfields rarely exist—most sound
fields are something in between.

7. Sound Power

Up to this point, this discussion has focused on sound pressure. Sound power, however, is an
equally important concept. Sound power, usually measured in watts, is the amount of energy

per unit of time that radiates from a source in the form of an acoustic wave. Generally, sound

power cannot be measured directly, but moderninstruments make it possible to measure the

output at a point that is a known distance from the source.

Understanding the relationship between sound pressure and sound power is essential to
predicting what noise problems will be created when particular sound sources are placed in
working environments. An important consideration might be how close workers will be working
to the source of sound. As a general rule, doubling the sound power increasesthe noise level
by 3 dB.

As sound power radiates from a point source in free space, it is distributed over a spherical
surface so that at any given point, there exists a certain sound power per unit area. Thisis
designated as intensity, |, and is expressed in units of watts per square meter.

Sound intensity is heard as loudness, which can be perceived differently depending on the
individual and his or her distance from the source and the characteristics of the surrounding
space. As the distance fromthe sound source increases, the sound intensity decreases. The
sound power coming from the source remains constant, but the spherical surface over which the
power is spread increases—so the power is less intense. In other words, the sound power level
of a source is independent of the environment. However, the sound pressure level at some
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distance, r, fromthe source depends on that distance and the sound-absorbing characteristics
of the environment (OTM/Driscoll).

8. Filtering

Most noise is not a pure tone, but rather consists of many frequencies simultaneously emitted
fromthe source. To properly represent the total noise of a source, it is usually necessary to
break it down into its frequency components. One reason for this is that people react differently
to low-frequency and high-frequency sounds. Additionally, for the same sound pressure level,
high-frequency noise is much more disturbing and more capable of producing hearing loss than
low-frequency noise. Engineering solutions to reduce or control noise are different for low-
frequency and high-frequency noise. As a general guideline, low-frequency noise is more
difficult to control.

Certain instruments that measure sound level can determine the frequency distribution of a
sound by passing that sound successively through several different electronic filters that
separate the sound into nine octaves on a frequency scale. Two of the most common reasons
for filtering a sound include 1) determining its most prevalent frequencies (or octaves) to help
engineers better know howto control the sound and 2) adjusting the sound level reading using
one of several available weighting methods. These weighting methods (e.g., the A-weighted
network, or scale) are intended to indicate perceived loudness and provide a rating of industrial
noise that indicates the impact that particular noise has on human hearing. The following
paragraphs provide more detailed information.

0. Octave Bands (Freguency Bands)

Octave bands, a type of frequency band, are a convenient way to measure and describe the
various frequencies that are part of a sound. A frequency band is said to be an octave in width
when its upper band-edge frequency, f,, is twice the lower band-edge frequency, f;: f, =2 f;.

Each octave band is named for its center frequency (geometric mean), calculated as follows: f, =
()%, where f, = center frequency and f, and f, are the lower and upper frequency band limits,
respectively. The center, lower, and upper frequencies for the commonly used octave bands are
listed in Table 11-1.

Table II-1. Octave Band Filters and Frequency Range

Band Center Frequency

=EET eV IS (g (Geometric Mean in Hz)

Upper Band Limit (Hz)

22 31.5 44
44 63 88
88 125 177
177 250 354
354 500 707
707 1,000 1,414
1,414 2,000 2,828
2,828 4,000 5,656
5,656 8,000 11,312
11,312 16,000 22,624

Each octave band is named for its center frequency.
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The width of a full octave band (its bandwidth) is equal to the upper band limit minus the lower
band limit. For more detailed frequency analysis, the octaves can be divided into one-third
octave bands; however, this level of detail is not typically required for evaluation and control of
workplace noise.

Electronic instruments called octave band analyzersfilter sound to measure the sound pressure
(as dB) contributed by each octave band. These analyzers either attach to a type 1 sound level
meter or are integral to the meter. Both the analyzers and sound level meters are discussed
further in Section IlI.

10. Loudness and Weighting Networks

Loudness is the subjective human response to sound. It depends primarily on sound pressure
butis also influenced by frequency.

Three differentinternationally standardized characteristics are used for sound measurement:
weighting networks A, C, and Z (or “zero” weighting). The A and C weighting networks are the
sound level meter’s means of responding to some frequencies more than others. The very low
frequencies are discriminated against (attenuated) quite severely by the A-network and hardly
attenuated at all by the C-network. Sound levels (dB) measured using these weighting scales
are designated by the appropriate letter (i.e., dBA or dBC).

The A-weighted sound level measurement is thought to provide a rating of industrial noise that
indicates the injurious effects such noise has on human hearing and has been adopted by
OSHA in its noise standards (OTM/Driscoll). In contrast, the Z-weighted measurement is an
unweighted scale (introduced as an international standard in 2003), which provides a flat
response across the entire frequency spectrum from 10 Hz to 20,000 Hz. The C-weighted scale
is used as an alternative to the Z-weighted measurement (on older sound level meters on which
Z-weighting is not an option), particularly for characterizing low-frequency sounds capable of
inducing vibrations in buildings or other structures. A previous B-weighted scale is no longer
used.

The networks evolved from experiments designed to determine the response of the human ear
to sound, reported in 1933 by a pair of investigators named Fletcher and Munson. Their study
presented a 1,000-Hz reference tone and a test tone alternately to the test subjects (young
men), who were asked to adjust the level of the test tone until it sounded as loud as the
reference tone. The results of these experiments yielded the frequently cited Fletcher-Munson,
or “equal-loudness,” contours, which are displayed in Figure 6.
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Figure 6. The Fletcher-Munson Contours
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These contours represent the sound pressure level necessary at each frequency to produce the
same loudness response in the average listener. The nonlinearity of the ear’s response is
represented by the changing contour shapes as the sound pressure level is increased (a
phenomenon that is particularly noticeable at low frequencies). The lower, dashed curve
indicates the threshold of hearing and represents the sound-pressure level necessary to trigger
the sensation of hearing in the average listener. Among healthy individuals, the actual threshold
may vary by as much as 10 decibels in either direction.

Ultrasound is not listed in Figure 6 because it has a frequency that is too high to be audible to
the human ear. See Appendix C for more information about ultrasound and its potential health
effects and threshold limit values.

C. How We Hear

The ear is the organ that makes hearing possible. It can be divided into three sections: the
external or outer ear, the middle ear, and the inner ear. Figure 7 shows the parts of the ear.
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Figure 7. Anatomy of the Human Ear
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The function of the ear is to gather, transmit, and perceive sounds from the environment. This
involves three stages:

Stage 1: Modification of the acoustic wave by the outer ear, which receives the wave
and directs it to the eardrum. Sound reaches the eardrum as variations in air pressure.

Stage 2: Conversion and amplification of the modified acoustic wave to a vibration of the
eardrum. These vibrations are amplified by the ossicles, small bones located in the
middle ear that transmit sound pressure to the inner ear. The vibrations are then
transmitted as wave energy through the liquid of the inner ear (the cochlea).

Stage 3: Transformation of the mechanical movement of the wave into nerve impulses
that will travel to the brain, which then perceives and interprets the impulse as sound.
The cilia of nerve cells in the inner ear, called hair cells, respond to the location of
movement of the basilar membrane and, depending on their position in the decreasing
radius of the spiral-shaped cochlea, activate the auditory nerve to transmit information
that the brain can interpret as pitch and loudness.

Impaired function at any of these stages will affect hearing.

Additional information on the outer ear, middle ear, and inner ear is available in OSHA'’s Noise

Safety and Health Topics Page [Links to Noise SHTP].
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D. Hearing Loss

To categorize different types of hearing loss, the impairment is often described as either
conductive or sensorineural, or a combination of the two.

Conductive hearing loss results from any conditionin the outer or middle ear that interferes with
sound passing to the inner ear. Excessive wax in the auditory canal, a ruptured eardrum, and
other conditions of the outer or middle ear can produce conductive hearing loss. Although work-
related conductive hearing loss is not common, it can occur when an accident results in a head
injury or penetration of the eardrum by a sharp object, or by any event that ruptures the eardrum
or breaks the ossicular chain formed by the small bones in the middle ear (e.g., impulsive noise
caused by explosives or firearms). Conductive hearing loss may be reversible through medical
or surgical treatment. It is characterized by relatively uniformly reduced hearing across all
frequencies in tests of the ear, with no reduction during hearing tests that transmit sound
through bone conduction.

Sensorineural hearing loss is a permanent condition that usually cannot be treated medically or
surgically and is associated with irreversible damage to the inner ear. The normal aging process
and excessive noise exposure are both notable causes of sensorineural hearing loss. Studies
show that exposure to noise damages the sensory hair cells that line the cochlea. Even
moderate noise can cause twisting and swelling of hair cells and biochemical changes that
reduce the hair cell sensitivity to mechanical motion, resulting in auditory fatigue. As the severity
of the noise exposure increases, hair cells and supporting cells disintegrate and the associated
nerve fibers eventually disappear. Occupational noise exposure is a significant cause of
sensorineural hearing loss, which appears on sequential audiograms as declining sensitivity to
sound, typically first at high frequencies (above 2,000 Hz), and then lower frequencies as
damage continues. Often the audiogram of a person with sensorineural hearing loss will show a
“Notch”at 4,000 Hz. This is a dip in the person’s hearing level at 4,000 Hz and is an early
indicator of sensorineural hearing loss. Results are the same for hearing tests of the earand
bone conduction testing. Sensorineural hearing loss can also result from other causes, such as
viruses (e.g., mumps), congenital defects, and some medications.

Figure 8 shows the typical audiogram patterns for people with conductive and sensorineural
hearing loss.
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Figure 8. Audiograms
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Download the NIOSH "Hearing Loss Simulator" to understand more about the effects of noise
exposure and age on hearing.

Itis important to note that some hearing loss occurs over time as a normal condition of aging.
Termed presbycusis, this gradual sensorineural loss decreases a person’s ability to hear high
frequencies. Presbycusis can make it difficult to diagnose noise-related hearing loss in older
people because both affect the upper range of an audiogram. An 8,000-Hz “Notch”in an
audiogram often indicates that the hearing loss is aged-related as opposed to noise-induced. As
humans begin losing their hearing, they oftenfirst lose the ability to detect quiet sounds in this
pitch range.

E. Effects of Excessive Occupational Noise Exposure

Workplace noise affects the human body in various ways. The most well-known is hearing loss,
but work in a noisy environment also can have other effects.

1. Auditory Effects

Although noise-induced hearing loss is one of the most common occupational illnesses, it is
often ignored because there are no visible effects. It usually develops over a long period of time,
and, exceptin very rare cases, there is no pain. What does occur is a progressive loss of
communication, socialization, and responsiveness to the environment. In its early stages (when
hearing loss is above 2,000 Hz), it affects the ability to understand or discriminate speech. As it
progresses to the lower frequencies, it begins to affectthe ability to hear sounds in general.

The primary effects of workplace noise exposure include noise-induced temporary threshold
shift, noise-induced permanent threshold shift, acoustic trauma, and tinnitus. A noise-induced
temporary threshold shift is a short-term decrease in hearing sensitivity that displays as a
downward shift in the audiogram output. It returns to the pre-exposed level in a matter of hours
or days, assuming there is not continued exposure to excessive hoise.
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If noise exposure continues, the shift can become a noise-induced permanentthreshold shift,
which is a decrease in hearing sensitivity that is not expected to improve over time. A standard
threshold shift is a change in hearing thresholds of an average of 10 dB or more at 2,000, 3,000,
and 4,000 Hz in either ear when compared to a baseline audiogram. Employers can conduct a
follow-up audiogram within 30 days to confirm whether the standard threshold shift is
permanent. Under 29 CFR 1910.95(g)(8), if workers experience standard threshold shifts,
employers are required to fit or refit the workers with hearing protectors, train themin the use of
the hearing protectors, and require the workers to use them. Recording criteria for cases
involving occupational hearing loss can be found in 29 CFR 1904.10.

The effects of excessive noise exposure are made worse when workers have extended shifts
(longer than 8 hours). With extended shifts, the duration of the noise exposure is longer and the
amount of time between shifts is shorter. This means that the ears have less time to recover
between noisy shifts. As a result, short-term effects, such as temporary threshold shifts, can
become permanent more quickly than would occur with standard 8-hour workdays.

Tinnitus, or “ringing in the ears,” can occur after long-term exposure to high sound levels, or
sometimes from short-term exposure to very high sound levels, such as gunshots. Many other
physical and physiological conditions also cause tinnitus. Regardless of the cause, this
condition is actually a disturbance produced by the inner ear and interpreted by the brain as
sound. Individuals with tinnitus describe it as a hum, buzz, roar, ring, or whistle, which can be
short term or permanent.

Acoustic trauma refers to a temporary or permanent hearing loss due to a sudden, intense
acoustic or noise event, such as an explosion.

2. Worker lllness and Injury Reports

The U.S. Bureau of Labor Statistics (BLS) publishes annual statistics for occupational injuries
(including hearing loss) reported by employers as part of required recordkeeping. The BLS data
show that hearing loss represented 12% of the occupational ilinesses reported in 2010 (Figure
9). This represents more than 18,000 workers who experienced significant loss of hearing due
to workplace noise exposure.
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Figure 9. Distribution of Occupational Injury and lliness Cases

Distribution of nonfatal occupational injury and illness cases
by category of illness, private industry, 2010
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Nonfatal occupational injuries accounted for the overwhelming majority of cases reported for the SOII in 2010—94.9
percent—with illnesses accounting for the remaining 5.1 percent of cases. Most illness cases fall into the "All other
ilinesses” category, which includes such things as repetitive motion cases and systemic diseases and disorders.

Source: Bureau of Labor Statistics, U.S. Department of Labor, October 2011

3. Other Effects

Other consequences of excessive workplace noise
exposure include interference with communications and
performance. Workers might find it difficult to understand
speech or auditory signals in areas with high noise levels.
Noisy environments also lead to a sense of isolation,
annoyance, difficulty concentrating, lowered morale,
reduced efficiency, absenteeism, and accidents.

As a general guideline, the work
area is too noisy if a work er
cannot make himself
understood without raising his
or her voice while talking to a

co-worker 3 feet away.

In some individuals, excessive noise exposure can contribute to other physical effects. These
can include muscle tension and increased blood pressure (hypertension). Noise exposure can
also cause a stress reaction, interfere with sleep, and cause fatigue.

F. Ultrasonics

Ultrasound is high-frequency sound that is inaudible (i.e., cannot be heard) by the human ear.
However, it still might affect hearing and produce other health effects. For more information, see

Appendix C.
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Factors to consider regarding ultrasonicsinclude:

e The upper frequency of audibility of the human ear is approximately 15 to 20 kilohertz
(kHz). This is not a set limit: some individuals may have higher or lower (usually lower)
limits. The frequency limit normally declines with age.

e Most of the audible noise associated with ultrasonic sources, such as ultrasonic welders
or ultrasonic cleaners, consists of subharmonics of the machine's major ultrasonic
frequencies.

Example: Many ultrasonic welders have a fundamental operating frequency of
20 kHz, a sound that is at the upper frequency of audibility of the human ear.

However, a good deal of noise may be present at 10 kHz, the first subharmonic
frequency of the 20-k Hz operating frequency, which is audible to most people.

G. Noise and Solvent Interactions

Animal experiments have indicated that combined exposure to noise and solvents induces
synergistic adverse effects on hearing. Experimental studies have explored specific substances,
including toluene, styrene, ethylbenzene, and trichloroethylene.

A number of epidemiological studies have investigated the noise—solvent relationship in
humans. Overall, the evidence strongly suggests that combined exposure to noise and organic
solvents can have interactive effects (either additive or synergistic), in which solvents
exacerbate noise-induced impairments even though the
noise intensity is belowthe permissible limit value. In

addition to the synergistic effects with solvents, noise About IMIS Data

may also have additive, potentiating, or synergistic In reviewing IMIS data, note that
ototoxicity with asphyxiants (such as carbon monoxide) the exposure levels are not
and metals (such as lead). See Appendix D for necessarily typical of all
additional information and additional sources of work sites and occupations within
information on this topic. an industry. Rather, IMIS
provides insight regarding the
i noise exposure levels for
H. Affected Industries and Workers Wikers in the jobs that OSHA
1. Affected Industries monitored while visiting
work places. Typically, OSHA
Workplace noise exposure is widespread. Analysis of identified those jobs as having
OSHA's Integrated Management Information System some potential for noise

(IMIS) data for 1979 through 2006 showed that workers
were exposed to hazardous noise levels in every major
industry sector.* Although this time span covers many
years, the recent decade is well represented: 58,297 (27%) of the personal noise exposure
levels in IMIS were measured in 2000 or later.

exposure.

Table II-2 through 1I-5 summarize the noise measurements obtained by OSHA in each major
industry sector. These tables also present the median noise levels and the percentage of noise

! This period encompasses the entire IMIS record for noise through 2006. The data were first inspected,
and individual records with internal inconsistencies were removed. One example of an inconsistency is a
record coded as a personal noise result with units other than dB or percentage dose (e.g., a value coded
as a noise result with units inadvertently entered as mg/m®would have been removed before analysis).
The final dataset contained 224,339 personal noise exposure records.
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measurements over either the action level (AL), 85 dBA, or the permissible exposure limit
(PEL), 90 dBA.? The data appear in separate tables because OSHA uses different criteria for
the AL and PEL. Each noise measurement entered into IMIS is related to either the AL or the
PEL, depending on the threshold level designated during dosimeter setup.

OSHA obtained the vast majority of IMIS noise exposure records in manufacturing facilities.
Manufacturing is among the loudest industries, with 43% of the IMIS noise samples exceeding
the PEL of 90 dBA time-weighted average (TWA). In addition, 47% of the samples taken in the
construction industry exceeded the PEL. The IMIS exposure records for the manufacturing
industry are presented by three-digit North American Industrial Classification System (NAICS)
codes in two tables (Table II-4 and 11-5) (relative to the AL and PEL, respectively).

In addition to median decibels and percentover the PEL, Table I1-5 shows the distribution of
manufacturing industry dosimetry measurements at the PEL and higher (by decibel level).

Table 11-2. Noise Measurements Exceeding the AL, IMIS (1979-2006)

Industry Total Records Median dBA % Over the AL
Agriculture 206 86.83 64%
Utilities 396 82.82 36%
Mining 40 88.04 78%
Construction 1,382 86.91 62%
Manufacturing 80,120 87.32 67%
Wholesale/retail 2,908 85.61 54%
Transportation 1,190 82.63 36%
Finance 71 78.20 27%
Services 5,107 83.90 44%
All other private sector 34 90.58 88%
Government 935 83.68 44%

Table I1-3. Noise Measurements Exceeding the PEL, IMIS (1979-2006)

Industry Total Records Median dBA % Over the PEL
Agriculture 354 86.80 33%
Utilities 513 81.19 19%
Mining 56 85.55 27%
Construction 3,133 89.22 47%
Manufacturing 116,983 88.74 43%
Wholesale/retail 3,342 86.67 33%
Transportation 1,261 80.89 16%
Finance 88 75.20 15%
Services 5,167 83.21 23%
All other private sector 231 89.76 47%
Government 822 82.29 23%

% Please note that work place sampling is required, and the historical data displayed should not be used to
justify whether or not to monitor for overexposure to noise.
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Table II-4. Manufacturing Industry Noise Measurements Obtained
Using AL Criteria, IMIS (1979-2006)

Total Median % Over the
NAICS NAICS Title Records dBA AL
311 Food Manufacturing 6,100 88.60 79%
312 Beverage and Tobacco Product Manufacturing 34 87.39 85%
314 Textile Product Mills 1,749 87.32 69%
315 Apparel Manufacturing 817 82.73 36%
316 Leather and Allied Product Manufacturing 406 86.56 61%
321 Wood Product Manufacturing 9,836 89.34 79%
322 Paper Manufacturing 2,879 86.90 65%
323 Printing and Related Support Activities 2,256 84.08 43%
324 Petroleum and Coal Products Manufacturing 217 86.32 57%
325 Chemical Manufacturing 1,762 85.56 54%
326 Plastics and Rubber Products Manufacturing 6,381 86.39 61%
327 Nonmetallic Mineral Product Manufacturing 4,034 87.00 63%
331 Primary Metal Manufacturing 6,306 89.25 80%
332 Fabricated Metal Product Manufacturing 15,248 87.60 69%
333 Machinery Manufacturing 7,514 85.47 53%
334 Computer and Electronic Product Manufacturing 219 85.00 50%
335 Electrical Equipment, Appliance, and Component 2,679 85.84 57%
Manufacturing
336 Transportation Equipment Manufacturing 5,660 87.38 67%
337 Furniture and Related Product Manufacturing 3,867 86.83 64%
339 Miscellaneous Manufacturing 2,156 85.62 55%

Table 11-5. Manufacturing Industry Noise Measurements Obtained Using PEL Criteria,
IMIS (1979-2006)
% Noise Measurements

in dB Range
95 to 100 to
Total Median % Over 90 to 100 104 105
NAICS NAICS Title Records dBA the PEL 94 dB dBA dBA dBA+
311 Food Manufacturing 9,070 89.51 47% 34% 11% 2% 0%
312 Beverage and Tobacco 40 85.64 25% 25% 0% 0% 0%
Product Manufacturing
314 Textile Product Mills 2,790 89.40 47% 31% 11% 4% 1%
315 Apparel Manufacturing 828 81.32 12% 9% 4% 0% 0%
316 Leather and Allied 551 89.71 48% 35% 11% 2% 0%
Product Manufacturing
321 Wood Product 16,330 91.72 60% 30% 22% 7% 1%
Manufacturing
322 Paper Manufacturing 4,344 87.90 38% 28% 8% 1% 0%
323 Printing and Related 2,620 82.22 17% 15% 2% 0% 0%
Support Activities
324 Petroleum and Coal 376 86.72 27% 22% 5% 1% 0%
Products Manufacturing
325 Chemical Manufacturing 2,611 85.20 24% 18% 5% 1% 0%
326 Plastics and Rubber 7,627 86.07 30% 21% 6% 2% 0%
Products Manufacturing
327 Nonmetallic Mineral 5,772 88.39 41% 26% 10% 4% 1%

Product Manufacturing
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Table 1I-5. Manufacturing Industry Noise Measurements Obtained Using PEL Criteria,

NAICS
331

332

333
334

335

336
337

339

2.

IMIS (1979-2006)
% Noise Measurements

in dB Range
95 to 100 to
Total Median % Over 90 to 100 104 105
NAICS Title Records dBA the PEL 94 dB dBA dBA dBA+

Primary Metal 13,196 91.32 58% 34% 19% 5% 1%
Manufacturing
Fabricated Metal Product 20,549 88.86 44% 27% 13% 3% 1%
Manufacturing
Machinery Manufacturing 10,156 86.22 31% 21% 8% 2% 0%
Computer and Electronic 360 85.28 29% 23% 6% 1% 0%
Product Manufacturing
Electrical EQuipment, 3,889 86.54 32% 22% 8% 2% 0%
Appliance, and
Component
Manufacturing
Transportation 7,812 88.36 41% 24% 12% 4% 1%
Equipment Manufacturing
Furniture and Related 5,292 87.83 38% 27% 9% 2% 0%
Product Manufacturing
Miscellaneous 2,770 86.78 35% 24% 8% 3% 0%

Manufacturing

Historically Affected Jobs in General Industry

Noise is a potential hazard for most jobs that involve abrasive or high-power machinery, impact
of rapidly moving parts (product or machinery), or power tools. Accordingto IMIS noise
measurements, workers in certain occupations within specific industries are exposed to
excessive noise more frequently than others. While many jobs have noise exposure, historically,
some of the occupations with the most extreme exposures (listed by Standard Industrial
Classification, or SIC) have included:

SIC 20 and 21 (food, beverages, and tobacco industry): slaughterers and meat
packers.

SIC 22, 23, and 31 (textile, apparel, and leather industry): textile winders, shoe and
leather workers and repairers, textile knitting and weaving machine operators.

SIC 24 (lumber and wood products industry, including logging and lumber mill
operations): most occupations (except cabinetmakers).

SIC 25 (furniture and fixtures industry): machine feeders.
SIC 26 (paper and paper industry): paper goods machine operators.

SIC 28 through 30 (printing and publishing, chemicals and petroleum, and plastics
and rubber industries): chemical equipment operators (SIC 28 and 29), laborers and
freight movers (SIC 28 and 29), grinding machine operators (SIC 30), and helpers (SIC
30).

SIC 32 (nonmetallic mineralsindustry): inspectors, testers, and sorters; extruding,
forming, and pressing machine operators; hoist and winch operators; unspecified
“‘operators.”

SIC 33 and 34 (primary metal and fabricated metal products industries): forging
machine operators, grinding and lapping machine operators, and welders.
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e SIC 35through 39 (various equipment manufacturers): milling and planing machine
operators, coil winders and tapers, forging machine operators, grinding and lapping
machine operators, and abrasive blasters.

3. Summary of Construction Industry Noise Exposure by Trade and Activity

Table 11-6. Summary of Average TWA Construction Noise Exposure
from University of Washington Noise Monitoring Research

8 Number of OSHA TWA OSHA TWA
ileless [ el e Measurements Mean dBA Percent >90 dBA
Brick/Tile Worker 28 75.2 8
Brick layer 15 83.8 4
Carpenter 82 82.3 11
Cement Mason 26 78.9 10
Electrician 208 80.0 4
Insulation Worker 22 74.5 5
Iron Worker 59 82.1 10
Laborer 58 83.3 14
Operating Engineer 44 83.5 14
Sheet Metal Worker 38 80.4 0

Source: Adapted from Seixas and Neitzel, 2002. (Submittal to OSHA's Advance Notice of Proposed Rulemaking
Docket H-011G).

Table 1I-7. Task-Specific Average Noise Levels by Construction Trade

Average dBA Average dBA

TRADE forcach  HRACE for Each Task

Task Event Event
CARPENTER
Operating work vehicle 80.1 . Wood framing 91.0
Break, rest, lunch, cleanup 87.8 . Building forms 92.9
Shop work 88.8 . Stripping forms 94.8
Interior finish 89.4 . Welding 94.9
Manual material handling 89.4 . “Other” tasks 95.3
Layout 90.5 B
CEMENT MASONS
Floor leveling 70.4 B Placing concrete 87.8
Break, rest, lunch, cleanup 83.3 . Repairing concrete 88.9
Finishing concrete 84.4 . Patching concrete 92.6
Setting forms 86.5 . “Other” tasks 93.1
Manual material handling 86.5 . Grinding 95.2
ELECTRICIANS
Operating work vehicle 79.2 . Installing slab conduit 91.0
Sheet metal work 81.6 . Installing wall conduit 91.1
Manual material handling 86.5 . Installing cable tray 91.8
Panel wiring, installing fixtures 87.0 . Pulling wire 95.6
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Table II-7. Task-Specific Average Noise Levels by Construction Trade

TRADE
(Tasks)

Break, rest, lunch, cleanup
“Other” tasks

INSULATION WORKERS

Sheet metal work

Applying insulation by hand
Break, rest, lunch, cleanup

IRONWORKERS
Operating forklift
Setting forms
Operating work vehicle
Erecting iron

Grinding

Rigging

Bolt up

LABORERS

Layout

Manual material handling
Interior finish

Operating forklift
Finishing concrete
Grouting

Wood framing

Floor leveling

MASONRY TRADES
Bricking, blocking, tiling
Break, rest, lunch, cleanup
Forklift operation

Grinding

Grouting, tending, mortaring

OPERATING ENGINEERS
Break, rest, lunch, cleanup
Rigging

“Other” tasks

Average dBA
for Each
Task Event

87.0
90.5

77.8
83.0
83.3

87.1
87.9
88.5
91.8
91.9
93.6
93.7

80.1
82.7
85.2
85.3
85.3
86.1
86.5
87.5

90.2
86.4
88.5
97.0
91.4

85.7
86.6
86.9

Source: Adapted from Seixas and Neitzel, 2004.

TRADE
(Tasks)

Installing trench conduit

“Other” tasks
Manual material handling

Manual materials handling
“Other” tasks

Tying and placing rebar
Break, rest, lunch, cleanup
Welding and burning
Laying metal deck

Placing concrete

Stripping forms

Building forms

Break, rest, lunch, cleanup
Rigging

“Other” tasks

Demolition

Chipping concrete

Manual material handling
“Other” tasks

Pointing, cleaning, caulking
Weatherproofing

Work vehicle operation

Layout
Grade checking
Welding
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Average dBA
for Each Task
Event

95.8

83.4
84.6

94.3
94.7
95.5
95.6
98.4
99.6

91.5
91.7
92.1
92.3
92.6
95.4
99.3
102.9

88.4
94.4
91.6
84.2
96.3

89.3
89.6
91.2



l. Reqgulations and Standards

1. Brief History of Occupational Noise Standards

The Occupational Safety and Health Act (OSH Act) of 1970 built upon earlier attempts in the
United States to regulate noise hazards associated with occupational hearingloss. In 1969, the
Walsh-Healey Public Contract Act added the Occupational Noise Exposure Standard as an
amendment, basing it on the American Conference of Governmental Industrial Hygienists
(ACGIH) noise threshold limit value (TLV) in effect at that time. This set an 8-hour TWA of 90
dBA and a 5-dBA exchange rate for any company with a federal contract worth more than
$10,000. This effortto reduce occupational noise hazards was not far-reaching but was a first
attempt to regulate noise hazards. Adopted into the OSH Act in 1970, it served as the basis for
OSHA'’s Noise standard. The same 8-hour TWA and exchange rate are still used by OSHA
today.

Also in 1969, the Bureau of Labor Standards promulgated an occupational construction noise
standard under the Construction Safety Act, which was later adopted by OSHA in 1971. Soon
after, in 1972, NIOSH published recommendations for an OSHA occupational noise standard,
which included a recommended 8-hour TWA exposure limit of 85 dBA and a 5-dBA exchange
rate. However, in 1973, OSHA's Standards Advisory Committee maintained the 90-dBA 8-hour
TWA with a 5-dBA exchange rate. Even though noise energy exposure doubles every 3 dB,
OSHA thought it important to account for the time during the workday that a worker was not
exposed to noise hazards. At the time, using a 5-dB exchange rate was viewed as a sufficient
way to account for this.

In 1974, OSHA published a proposed occupational noise standard, which included a
requirement for employersto provide a hearing conservation program for workers exposed to an
8-hour TWA of 85 dBA or more. This provision was adopted as part of the amendments of 1981
and 1983. The 8-hour TWA for OSHA'’s noise standard remained at 90 dBA with a 5-dBA
exchange rate and included a requirement for a hearing conservation program for workers
exposed to an 8-hour TWA of at least 85 dBA. While OSHA provided requirements for hearing
conservation programs in general industry, the construction industry standard remained less
specific in that regard. More recently, in the 2002 recordkeeping standard (29 CFR Part 1904),
OSHA clarified the criteria for reporting cases involving occupational hearing loss.

In 1979, the U.S. Environmental Protection Agency (EPA) developed labeling requirements for
hearing protectors, which required hearing protector manufacturers to measure the ability of
their products to reduce noise exposure—called the noise reduction rating (NRR). OSHA
adopted the NRR but later recognized that the NRR listed on hearing protectors often did not
reflect the actual level of protection, which likely was lower than indicated on the label because
most workers were not provided with fit-testing, and donning methods in a controlled laboratory
setting were not representative of the donning methods that workers used in the field. EPAis
considering options for updating this rule. See Appendix E for current information on NRRs and
hearing protection labeling requirements. In special cases, noise exposure originates from
noise-generating headsets. See Appendix F for a discussion of the techniques used to evaluate
the noise exposure levels of these workers.

2. OSHA Noise Standards

General Industry: 29 CFR 1910.95, “Occupational Noise Exposure.” This standard is designed
to protect general industry workers, such as those working in the manufacturing, utilities, and
service sectors. The General Industry standard establishes permissible noise exposures,
requires the use of engineering and administrative controls, and sets outthe requirements of a
hearing conservation program. Paragraphs (c) through (n) of the General Industry standard do
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http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9735&p_text_version=FALSE

not apply to the oil and gas well-drilling and servicing operations; however, paragraphs (a) and
(b) do apply.

The general industry noise standard contains two noise exposure limit tables. Each table serves
a different purpose:

e Table G-16: This table applies to the engineering and administrative controls section,
which provides a 90-dBA criterion for an 8-hour TWA PEL and is measured using a 90-
dBA threshold (i.e., noise below 90 dBA is not integrated into the TWA). Thistable limits
short-term noise exposure to a level not greater than 115 dBA (for up to 15 minutes).

e Table G-16A: This table, presented in Appendix A of 29 CFR 1910.95, provides
information (e.qg., reference durations) useful for calculating TWA exposures when the
workshift noise exposure is composed of two or more periods of noise at different levels.
Although this table lists noise levels exceeding 115 dBA, these listings are only intended
as aids in calculating TWA exposure levels; the listings for higher noise exposure levels
do notimply that these noise levels are acceptable.

Additional information (Links to the Noise) on the general industry standard is also available.

Construction Industry: Noise in constructionis covered under 29 CFR 1926.52, “Occupational
Noise Exposure,”and 29 CFR 1926.101, “Hearing Protection.” Under 29 CFR 1926.52,
employers are required to use feasible engineering or workplace controls when workers are
exposed to noise at or above permissible noise exposures, which are listed in Table D-2
[1926.52(d)(1)]). The PEL of 90 dBA for an 8-hour TWA is measured using a 90-dBA threshold
(this is the only threshold used for the constructionindustry noise standards). 29 CFR 1926.101
requires employers to provide hearing protectors that have been individually fitted (or
determined to fit) by a competent person if it is not feasible to reduce noise exposure below
permissible levels using engineering or workplace controls.

The requirements for permissible noise exposures and controls under the Construction standard
are the same as those under the general industry standard (1910.95), though other
requirements differ. Continuing effective hearing conservation programs are required in all
cases where the sound levels exceed the values shown in Table D-2 (1926.52(d)(1)). Whena
hearing conservation program is required, employers must incorporate as many elements listed
in the Standard Interpretation titled "Effective Hearing Conservation Program Elements for
Construction Industry” (08/04/1992) into their program as feasible.

Agricultural Worksites: Although there is no standard for occupational noise exposure in
agriculture, the evaluation and control methods discussed in this chapter are still valid. For any
potential citations, CSHOs must use the guidance in the Field Operations Manual.

Maritime Worksites: Marine terminals and longshoring operations fall under the requirements of
the general industry noise standard; therefore, employers in such operations must meet the
elements of the general industry Hearing Conservation Amendment, 29 CFR 1910.95(c)
through (0).

J. Noise Exposure Controls—Overview

Noise controls should minimize or eliminate sources of noise; prevent the propagation,
amplification, and reverberation of noise; and protect workers from excessive noise exposure.
Ideally, the use of engineering controls should reduce noise exposure to the point where the risk
to hearing is significantly reduced or eliminated.
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Engineering and administrative controls are essential to an effective hearing loss prevention
program. They are technologically feasible for most noise sources, but their economic feasibility
must be determined on an individual basis. In some instances the application of a relatively
simple noise-control solution reduces the hazard to the extent that the other elements of the
program, such as audiometric testing and the use of hearing protection devices, are no longer
necessary. In other cases, the noise reduction process may be more complexand must be
accomplished in stages over a period of time. Even so, with each reduction of a fewdecibels,
the risk of hearing loss is reduced, communication is improved, and noise-related annoyance is
reduced.

The first step in noise control is to identify the noise sources and their relative importance. This
can be difficult in an industrial setting with many noise sources. It can be accomplished through
several methods used together: obtain a frequency spectrum from an octave band analyzer,
turn various components in the factory on and off or use temporary mufflers or enclosures to
isolate noise sources, and probe areas close to equipmentwith a sound level meter to pinpoint
areas where sound is dominant. These measures will aid in identifying the sound sources that
affect workers the most and should be prioritized when implementing noise controls. Once the
noise sources have been identified, it is possible to proceed in choosing an engineering contral,
administrative control, or a form of personal protective equipment to reduce the noise level if
noise exposure is too high (Driscoll, Principles of Noise Control).

1. Hierarchy of Controls for Noise

The hierarchy of controls for noise can be summarized as: 1) prevent or contain the escape of
the hazardous workplace agent at its source (engineering contrals), 2) control exposure by
changing work schedulesto reduce the amount of time any one worker spends in the hazard
area (administrative controls), and 3) control the exposure with barriers between the worker and
the hazard (personal protective equipment). This hierarchy highlights the principle that the best
prevention strategy is to eliminate exposure to hazards that can lead to hearing loss.
Corporations that have started buy-quiet programs are moving toward workplaces where no
harmful noise will exist. Many companies are automating equipment or setting up procedures
that can be managed by workers from a quiet control room free from harmful noise. When itis
not possible to eliminate the noise hazard or relocate the worker to a safe area, the worker must
be protected with personal protective equipment.

[Note: See CPL 02-00-150 - Field Operations Manual (FOM) for current citation policy
when addressing engineering/administrative controls versus hearing conservation
program.]

2. Noise-Control Engineering—Concepts and Options

The rest of this section, until the discussion of administrative controls, presents information
adapted from material developed under contract for the Noise eTool by Dennis Driscoll in 2002.

Much industrial noise can be controlled through simple solutions. Itis important, however, that

all individuals administering abatement projects have a good understanding of the principles of
noise control and proper use of acoustical materials. Industrial hygienists, safety professionals,
facility engineers, and others can make significant progress in reducing equipment noise levels
and worker noise exposures by combining their knowmledge of acoustics with an understanding

of the manufacturing equipmentand/or processes.

Reducing excessive equipment noise can be accomplished by treating the source, the sound
transmission path, the receiver, or any combination of these options. Descriptions of these
control measures follow.
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i) Source Treatment

The best long-term solution to noise control is to treat the root cause of the noise problem. For
source treatment to be effective, however, a comprehensive noise-control survey usually needs
to be conducted to clearly identify the source and determine its relative contributionto the area
noise level and worker noise exposure. At least four methods exist for treating the source:
modification, retrofit, substitution, and relocation.

Modification
For the most part, industrial noise is caused by mechanical impacts, high-velocity fluid flow,
high-velocity air flow, vibrating surface areas of a machine, and vibrations of the product being

manufactured.

Mechanical Impacts

To reduce noise caused by mechanical impacts, the modifications outlined below should be
considered. For any of these optionsto be practical, however, they must not adversely affect
production:

¢ Reduce excessive driving forces.

e Reduce or optimize speed.

e Minimize distance between impacting parts.

¢ Dynamically balance rotating equipment.

e Maintain equipmentin good working order.

e Use vibration isolation when applicable.

High-Velocity Fluid Flow

High-velocity fluid flow can often create excessive noise as the transported medium passes
through control valves or simply passes through the piping. Frequently, noise is carried
downstream by the fluid, and/or vibratory energy is transferred to the pipe wall. A
comprehensive acoustical survey can isolate the actual noise source so that the appropriate
noise-control measures can be identified. When deemed practical, some effective modifications
for high-velocity fluid-flow noise include:

e Locate control valves in straight runs of pipe.

e LocateallL's and T’s at least 10 pipe diameters downstream of a valve.

e Ensure that all pipe cross-section reducers and expanders are at an included angle of 15
to 20 degrees.

e Eliminate sudden changes of direction and influx of one stream into another.
e Limit the fluid-flow velocity to a maximum of 30 feet per second for liquids.
e Maintain laminar flow for liquids (keep the Reynolds Number less than 2,000).

¢ When vibratory energy is transferred to the pipe wall, use flex connectors and/or
vibration isolation for the piping system and/or acoustical insulation.

e When excessive noise in the fluid cannot be controlled by any of the options above,
install an in-line silencer.
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High-Velocity Air Flow (Pneumatic or Compressed Air Systems)

One of the most common noise sources within manufacturing equipment is pneumatic- or
compressed-air-driven devices such as air valves, cylinders, and solenoid valves. High-velocity
air is also a major contributor to worker noise exposure where hand-held air wands or guns are
used to remove debris fromwork areas. Finally, compressed air nozzles are often used to eject
parts from a machine or conveyor line. All these forms of pneumatic systems generate
undesirable noise as the high-velocity air mixes with the atmospheric air, creating excessive
turbulence and particle separation. It is important to note that the intensity of sound is
proportional to the air flow velocity raised to the 8th power. Therefore, as a source modification,
it is recommended that the air-pressure setting for all pneumatic devices be reduced or
optimized to as low a value as practical. As a general guideline, the sound level can be reduced
by approximately 6 dBA for each 30% reduction in air velocity. Additional noise controls for high-
velocity air are presented in the retrofit and relocation sections below.

Surface- or Panel-Radiated Noise

Machine casings or panels can be a source of noise when sufficient vibratory energy is
transferred into the metal structure and the panel is an efficient radiator of sound. Typically,
machine casings or large metal surface areas have the potential to radiate sound when at least
one dimension of the panel is longer than one-quarter of the sound’s wavelength. Conducting a
thorough noise-control survey will help in identifying the source of vibration and in determining
the existence of any surface-radiated sound. When a machine casing or panelis a primary
noise source, the most effective modification is to reduce its radiation efficiency. The following
noise-control measures should be considered:

¢ Divide vibrating surface areas into smaller sections.

e Add stiffeners to large unsupported metal panels such as rectangular ducts or large
machine casing sections.

e Add small openings or perforationsto large, solid surfaces.
¢ Use expanded metal, when practical, in place of thin metal panels.

e Add vibration damping material.
Retrofit Products and Applications
A variety of commercially available acoustical products and applications can be applied on or
relatively close to noise sources to minimize noise. The Noise and Vibration Control Product
Manufacturer Guide should be consulted for a partial list of the manufacturers of these products
and applications. Specific retrofit materials and/or applications include the following:

Vibration Damping

Vibration damping materials are an effective retrofit for controlling resonant tones radiated by
vibrating metal panels or surface areas. In addition, this application can minimize the transfer of
high-frequency sound energy through a panel. The two basic damping applications are free-
layer and constrained-layer damping. Free-layer damping, also known as extensional damping,
consists of attaching an energy-dissipating material on one or both sides of a relatively thin
metal panel. As a guide, free-layer damping works best on panels less than ¥-inch thick. For
thicker machine casings or structures, the best application is constrained-layer damping, which
consists of damping material bonded to the metal surface covered by an outer metal
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constraining layer, forming a laminated construction. Each application can provide up to 30 dB
of noise reduction.

Itis important to note that the noise reduction capabilities of the damping application are
essentially equal, regardless of which side it is applied to on a panel or structure. Also, for
practical purposes, itis not necessary to cover 100% of a panel to achieve a significant noise
reduction. For example, 50% coverage of a surface areawill provide a noise reduction that is
roughly 3 dB less than 100% coverage. In other words, assuming that 100% coverage results in
26 dB of attenuation, 50% coverage would provide approximately 23 dB of reduction, 25%
coverage would produce a 20-dB decrease, and so on. Next, for free-layer damping treatments,
it is recommended that the application material be at least as thick as the panel or base layer to
which it is applied. For constrained-layer damping, the damping material again should be the
same thickness as the panel; however, the outer metal constraining layer may be half the
thickness of the base layer.

Finally, just because a surface areavibrates, it is not safe to assume it is radiating significant
noise. If fact, probably less than 5% of all vibrating panels produce sufficient airborne noise to
be of concern in an occupational setting. For damping materials to be successful, at a minimum,
the two following conditions must be satisfied (determine by a comprehensive noise-control
survey):

1) The panel being treated must be capable of creating high noise levels in the first place.
2) The structure must be vibrating at one of its natural frequencies or normal modes of vibration.

When selecting the right type of damping material, it is recommended that the person making
the decision refer to the expertise of the product manufacturer or their designated
representative(s). Typically, the supplier will need to obtain specific information from the buyer,
such as the temperature and size of the surface area to be treated and the substrate thickness.
The supplier will then use the input data to select the most effective product for the particular
application. The vendor can also provide the buyer with estimates of noise reduction and costs
for procuring the material.

Some common applications for vibration damping include:

e Hopper bins and product chutes

¢ Resin pellet transfer lines (provided they are metal pipe)

¢ Thin metal machine casings or panels that radiate resonant tones
¢ Metal panels being impacted by production parts (e.g., drop bins)
e Metal enclosure walls

¢ Fan and blower housings

e Gear boxcasings (constrained-layer damping required for thick substrates)

Vibration Isolation

Most industrial equipment vibrates to some extent. Determining whether or not the vibrating
forces are severe enough to cause a problemis accomplished through a comprehensive noise
and/or vibration survey. As machines operate, they produce either harmonic forces associated
with unbalanced rotating components or impulsive forces attributed to impacts such as punch
presses, forging hammers, and shearing actions. Excessive noise can be one result of the
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vibratory energy produced; however, potential damage to the equipment itself, the building,
and/or the product being manufactured is more likely. Quite often, vibration problems are clearly
identified by predictive-maintenance programs that exist within most industrial plants.

Assuming that the root cause or source cannotbe effectively modified, the next option for
controlling undesirable vibration is to install vibration isolation. Isolators come in the form of
metal springs, elastomeric mounts, and resilient pads. These devices serve to decouple the
relatively “solid” connection between the source and the recipient of the vibration. As a result,
instead of the vibratory forces being transmitted to other machine components or the building,
they are readily absorbed and dissipated by the isolators.

When selecting the appropriate isolation device(s), the person making the decision should
consider the expertise of trained professionals. It is critical to note that improper selection and
installation of isolators can actually make a noise and vibration problemworse. Many
manufacturers of vibration isolation equipment have useful websites for troubleshoaoting
problems and finding solutions (see the Noise and Vibration Control Product Manufacturer
Guide for a partial list of manufacturers).

Some common applications for vibration isolation are:

e Pipe hangers
e Heating, ventilation, and air conditioning (HVAC) equipment
e Flex connectors for piping systems

¢ Rotating machinery mounts and bases for electric motors, compressors, turbines, fans,
pumps, and other similar equipment

¢ Impact equipment such as punch presses, forging hammers or hammer mills, and
shearing presses

e Enclosure isolation
Silencers

Silencers are devices inserted in the path of a flowing medium, such as a pipeline or duct, to
reduce the downstream sound level. For industrial applications, the medium typically is air.
There are basically four types of silencers: dissipative (absorptive), reactive (reflective),
combination of dissipative and reactive, and pneumatic or compressed air devices. This section
will address the absorptive and reflective type; a separate section will discuss the pneumatic or
compressed air silencers. The type of silencer required will depend on the spectral content of
the noise source and operational conditions of the source itself.

Dissipative silencers use sound-absorbing materials to surround or encompass the primary
airflow passage. These silencers’ principal method of sound attenuation is by absorption. The
advantages and disadvantages of dissipative silencers include:

Advantages:

e Very good medium-frequency (500—2,000 Hz) to high-frequency (>2,000 Hz)
attenuation.

e Low-to-medium pressure loss.

e They are a standard design.

Page 27



Disadvantages:

e Poor low-frequency (<500 Hz) attenuation.
e Very sensitive to moisture and particulates in the air stream.
e They can be a difficult retrofit.

Reactive silencers use sound reflections and large impedance changes (areavariations) to
reduce noise in the airflow. The principal method of attenuation is through sound reflection,
which cancels and interferes with the oncoming sound waves. The advantages and
disadvantages of reactive silencers include:

Advantages:

e Good low-frequency attenuation.
e Can be designed to minimize pure tones.

e Can be used in high-temperature and corrosive environments.
Disadvantages:

e Usually there is a high cost when fabricated from corrosion-resistant materials.
e Sensitive to particulate and moisture contamination.

¢ Relatively narrowrange of attenuation.

¢ High-to-medium pressure loss.

¢ They can be a difficult retrofit.

e They can be expensive because they are typically a custom design.

The combination dissipative and reactive silencer is essentially a reactive silencer with sound-
absorption added to provide high-frequency attenuation capabilities. The advantages and
disadvantages are similar to those listed for each type.

To determine which type of silencer is best for a particular application, a trained professional
should be consulted. The manufacturer or a designated representative will need to work closely
with the facility engineering representative(s) to clearly identify all operational and physical
constraints. The Noise and Vibration Control Product Manufacturer Guide contains a partial list
of silencer manufacturers and their websites.

Typical applications for silencers include:

¢ High-pressure gas pressure regulators, air vents, and blow downs
¢ Internal combustion engines

e Reciprocating compressors

e Centrifugal compressors

e Rotary positive displacement blowers

e Rotary vacuum pumps and separators

e [ndustrial fans
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e HVAC systems
e Totally enclosed, fan-cooled electric motors

e Gasturbines

Pneumatic or Compressed Air Silencers

In the earlier High-Velocity Air Flow section, it was mentioned that pneumatic or compressed air
is a very common noise source in manufacturing plants. Assuming sufficient noise reduction
cannot be achieved by optimizing the air-pressure setting, the second step for controlling this
class of noise source is to use commercially available silencers.

For retrofitting pneumatic devices, selecting the appropriate silencer type is critical for this
control measure to succeed over time. If the source is a solenoid valve, air cylinder, air motor, or
some other device that simply exhausts compressed air to the atmosphere, then a simple
diffuser-type silencer will suffice. The disadvantage of these types of devices is that they can
cause unacceptable back pressure. Therefore, when selecting a diffuser silencer, it is important
that the pressure-loss constraints for the particular application be satisfied. All diffuser silencers
can provide 15 to 30 dB of noise reduction.

For compressed air systems that perform a service or specific task, such as ejecting parts or
blowing off debris, a number of devices are available for retrofit at the point of discharge.
Another typical application for compressed air is in blow-off guns or air wands. These tools
come in a variety of sizes and shapes and can generate noise levels of 90 dBAto 115 dBA,
depending on the velocity of the air and the surface areathey contact. It is recommended that
the Noise and Vibration Control Product Manufacturer Guide be consulted for a list of available
suppliers. Usually, the manufacturer websites provide sufficient information and self-help
guidance to enable selection of the most appropriate device for retrofit.

It should be noted that silencers for pneumatic or compressed air systems normally require
routine inspection, maintenance, and/or replacement, as these silencers will plug up with debris,
be removed by operators, or occasionally become damaged over time. If these devices are kept
in good working order, however, excessive high-velocity air noise in manufacturing facilities
technically should not be an issue.

The major problemwith air guns is that, like other pneumatic or compressed air systems used to
drive and motivate machinery, equipment operators will often increase the air pressure in an
attempt to create more blow-off power. Earlier, in the High-Velocity Air Flow section, it was
noted that the intensity of noise is proportional to the 8th power of the air velocity.
Consequently, a higher pressure setting will significantly increase the noise level. In addition,
when a compressed air silencer is installed on machines, many operators will remove or
suppress this device to maintain the perception of having the higherlevel of power to which they
are accustomed, which is based on their subjective assessment of the sound level. To prevent
unnecessary or unauthorized air adjustments by the process or equipment operators, air-
pressure regulators should be set and lockedto ensure that they cannot be modified without a
supervisor’s consent, and operators should be educated andtrained in determining whether the
power is adequate.

Substitute for the Source

Another source treatment involves using alternative equipment or materials that are inherently
guieter yet still meet the production needs. This option s called substitution for the source.
Often, equipment manufacturers have alternative devices that perform the same function at
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lower noise levels. These quieter devices typically cost more, however, as they require tighter
tolerances and more precision as they are manufactured. Therefore, when applicable, it will be
necessary for the user to determine if the noise reduction benefit justifies the additional cost.
The supplier’s or the manufacturer's website should be consulted to learn if quieter equipment is
available and at what additional cost. Examples where alternative and quieter equipment may
exist include:

e Gears

e Bearings

e Fansor blowers

e Control valves

e Air compressors

e Conveyors

¢ Electric motors

e Pumps
There might also be opportunities to replace equipment with different devices or materials.
Here, the user should investigate whether alternative and quieter ways exist to accomplish the
task or intended service. Where practical, examples of source substitution include:

e Using belt drives over gears.

¢ Using belt conveyors instead of rollers.

¢ Employing mechanical parts ejectors or pickups over compressed air.

e Substituting quiet air nozzles for open-ended pipe or air lines.

¢ Replacing omnidirectional fans on electric motors with unidirectional aerodynamic fans.

e Substituting metal or steel parts with materials having high internal-damping properties,
such as wood, nylon, or stiff plastic components.

e Using perforated or mesh panelsin place of solid panels.

Relocation of the Source

Controlling noise by locating or relocating the source should be considered for the design and
equipment layout of new plant areas and for reconfiguring existing production areas. A simple
rule to follow is to keep machines, processes, and work areas of approximately equal noise
level together, and separate particularly noisy and quiet areas by buffer zones having
intermediate noise levels. In addition, a single noisy machine should notbe placed in a relatively
quiet, populated area. Reasonable attention to equipment layout from an acoustical standpoint
will not eliminate all noise problems, but it will help minimize the overall background noise level
and provide more favorable working conditions.

Here are some examples of source relocation:

¢ Rerouting all pneumatic or compressed air discharge ports from outside to the inside of
machine cabinets.
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e Using pipe extensions to relocate pneumatic exhausts away from the immediate area
and into unoccupied spaces.

e Locating blowers (e.qg., dust collectors, vacuum pumps) on the building roof or in
routinely unoccupied areas, and using extended ductwork to service the process or
equipment of concern.

¢ Conducting reclaim or material scrap grinding in routinely unoccupied areas.

1)) Path Treatment

Assuming that all available options for controlling noise at the source have been exhausted, the
next step in the noise-control hierarchy is to determine ways to treat the sound transmission
path. Typical path treatments include adding sound-absorption materials to the room or
equipment surfaces, installing sound transmission loss materials between the source and
receiver(s), using acoustical enclosures or batriers, or any combination of these treatments. A
description of each treatment option follows.

Sound-Absorption Materials

Sound-absorption materials are used to reduce the buildup of soundin the reverberant field.
The reverberant field exists at all locations where sound waves reflect off relatively hard
surfaces, such as walls, ceilings, or inside enclosures, and then combine with the sound waves
propagating directly fromthe noise source. The added effect produces a higher noise level than
the level that would have existed in the absence of any reflecting surfaces.

A user must understand and apply the principles of room acoustics when adding sound-
absorbing materials to the walls and ceiling to reduce the noise levels throughoutthe room. If a
user installs sound absorption in a room without putting any science behind the decision, then
the likelihood of success will be tenuous at best.

Using sound absorption on a room’s surfaces has both advantages and disadvantages:
Advantages:

e Provides a significant reductionin the reverberant sound buildup, especially in pre-
existing hard surface spaces.

e Works best in relatively small volume rooms or spaces (<10,000 ft?).

¢ Requires minimal maintenance after initial installation.

e Can be purchased and installed at a reasonable cost.

e Works best on middle- to high-frequency noise.

Disadvantages:

e Roomtreatment does nothing to address the root cause of the noise problem.
e Does not reduce noise resulting from direct sound propagation.

e The absorption can deteriorate over several years and may need periodic replacement
(perhaps every 7 to 10 years).

¢ Rarely does this form of treatment eliminate the need for hearing protection.
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Keep in mind that adding sound absorptionto decrease the reflected or reverberant noisein a
roomwill do nothing to reduce the acoustical energy propagating by directline of sight from the
source. Therefore, it is helpful for the user to estimate what portion of a worker’s noise exposure
comes from the direct sound field and what percentage results from reverberant sound. When
reverberant noise is a major contributor to a worker’s daily noise exposure, then adding sound-
absorbing materials may be beneficial.

Sound Transmission Loss (TL) Materials

Sound TL materials are used to block or attenuate noise propagating through a structure, such
as the walls of an enclosure or room. These materials are typically heavy and dense, with poor
sound transmission properties. Common applications include barriers, enclosure panels,
windows, doors, and building materials for room construction.

All products sold for noise control should have a TL rating that is determined by ASTM standard.
Itis important to note that TL rating varies with frequency. TL values generally range from 20 to
60 dB, with the higher number indicating superior attenuation properties. For TL values of
common building materials, consult Table 9.12 in The Noise Manual (AIHA, 2003, or latest
edition).

Acoustical Enclosures

The acoustical enclosure is probably the most common path of treatment. Quite often
enclosures are used to address multiple noise sources all at once or when there are no feasible
control measures for the source. However, there are a number of advantages and
disadvantages associated with solid enclosures (no acoustical leaks) that must be considered
by the user.

Advantages:

e Can provide 20 to 40 dB of noise reduction.
e Can beinstalled in a relatively short time frame.
e Can be purchased and installed at a reasonable cost.

e Provides significant noise reduction across a wide range of frequencies.
Disadvantages:

e Workervisual and physical access to equipmentis restricted.

o Repeated disassembly and reassembly of the enclosure often results in the creation of
significant sound-flanking paths via small gaps and openings along the panel joints.

¢ Heat buildup inside the enclosure can be problematic.
¢ Internal lighting and fire suppression may need to be incorporated into the design.

¢ The long-term potential for internal surface contamination from oil mist or other airborne
particulates is high.

e The panels become damaged or the internal absorption material simply deteriorates
over time.

e Enclosuresrequire periodic maintenance, such as replacement of seals and gasket
material, to keep the acoustical integrity at a high attenuation value.
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Enclosures, both off-the-shelf and custom-design, are available from a number of manufacturers
listed in the Noise and Vibration Control Product Manufacturer Guide. It can also be more cost-
effective to build enclosures in-house by following the Guidelines for Building Enclosures.

Acoustical Barriers

An acoustical barrier is a partial partition inserted between the noise source and receiver, which
helps block or shield the receiver from the direct sound transmission path. For a partial barrier to
be effective, it is critical that the receiver be in the direct field, not the reverberant field. Should
the worker’s location be primarily in the reverberant field, then the benefit of the barrier will be
negligible.

The noise reduction provided by a barrier is a direct function of its relative location to the source
and receiver, its effective dimensions, and the frequency spectrum of the noise source. The
practical limits of barrier attenuation will range from 15 to 20 dB. For additional details on
calculating barrier insertion loss or attenuation, the user should review some of the references,
particularly The Noise Manual (AIHA, 2003; or latest edition). Recommendations for acoustical
barrier design and location to maximize noise reduction capabilities include:

e The barrier should be located as close as practical to either or both the source and

receiver.

e The width of the barrier on either side of the noise source should be at least twice its
height (the wider the better).

e The height should be as tall as practical.

e The sound transmission loss of the panel should be at least 10 dB greater thanthe
estimated noise reduction of the barrier.

e The barrier should be solid and not contain any gaps or openings.
e The worker(s) being protected by the barrier should work primarily in the direct sound
field.

iii) Receiver Treatment

The final control option involves reducing noise at the receiver. When deemed practical,
personnel shelters can be installed or the receiver can be relocated to a relatively quiet area. It
is important to keep in mind that worker noise exposure is a function of both the magnitude of
noise and duration of exposure. Therefore, receiver treatment works best in areas with high
noise for those job activities that are fairly stationary or confined to a relatively small area, and
where significant time is spent throughout the workday.

Worker Enclosures

Enclosures, or personnel shelters, can provide a cost-effective means for lowering worker noise
exposure instead of lowering equipment noise levels. Control booths or rooms are commercially
available from a number of manufacturers, many of which are listed in the Noise and Vibration
Control Product Manufacturer Guide (see Section VIl—Resources). The cost for these units
typically ranges from $5,000 to $35,000 depending on the size and sophistication of their design
and their need for electronic controls, video monitoring, number of observation windows, and
other features. Any of the vendors listed in the manufacturer's guide can provide a cost estimate
upon request. As a minimum requirement, all control rooms should maintain an interior sound
level lower than 80 dBA, which will minimize worker noise exposure. Should there be a need to

Page 33



communicate with workers inside a control room, however, then a better design criterion would
be to limit sound levels to 60 dBA or less.

As mentioned above, for a personnel enclosure to work well, it is critical that worker(s) spend a
significant portion of their workshift in the shelter. The amount of time needed inside the
enclosure will depend on the magnitude of the existing noise exposure. Appendix A: Noise
Exposure Computation of the OSHA Occupational Noise Exposure standard, 29 CFR 1910.95,
can be used to help determine the amount of time needed inside an enclosure to reduce noise
exposures below select target levels, such as a TWA of 90 dBA or 85 dBA.

Relocation

Finally, if it is not essential for the worker to spend significant time in the immediate vicinity of
noisy equipment, then another option for reducing noise exposure would be to relocate the
worker to a quieter area, when practical. Quite often, equipment operators will spend most of
their time up close to the production or process equipment, when in fact, they could stand back
5to 7 feet, where the sound level might be a few decibels less. For relocation to work, however,
it is critical that the worker still be able to perform the same job function.

To help identify areas or zones where lower noise levels exist, a comprehensive sound survey
of the production area is recommended. It is also valuable to plot the sound level data on an
equipment layout or floor plan, then add or draw contour lines of equal sound levels. This results
in a noise contour map, which is often useful because it provides a simple representation of the
sound field over a large area. Besides identifying regions of lower noise levels, these maps may
also be used to visually educate and train workers regarding where hearing protection is
mandatory, and as a tool for identifying hot spots for potential noise controls.

3. Administrative Controls

Administrative controls, defined as “management involvement, training of workers, and changes
in the work schedule or operations that reduce noise exposure,” may also effectively reduce
noise exposure for workers. Examples include operating a noisy machine on the second or third
shift when fewer people are exposed, or shifting a worker to a less noisy job once a hazardous
daily noise dose has been reached.

Generally, administrative controls have limited use in industry because workers are rarely
permitted to shift from one job to another. Be aware that if noise levels are high enough, rotation
could increase the chances of hearing loss in more workers. If there is a regular noise level of
90 dB, for example, a healthy worker in the area can rotate into an area with a 50-dB noise level
without a substantial increase in risk of hearing loss.

Another administrative control involves redesigning workers’ work schedules to reduce the
amount of time that any one worker is located in the hazard area. To increase the effectiveness
of this control, employers can also ensure that noise exposure is kept to a minimumin
nonproduction areas frequented by workers. Select quiet areas to use as lunch rooms and work
break rooms. If these areas must be near the production line, they should be acoustically
treated (as describe elsewhere in this section) to minimize background noise levels. Employers
can also increase the distance between workers and the noise source. This can be
accomplished in many ways. For example, television monitors allow the worker to monitor a job
or process at a safe distance from the noise-producing area; a boom-mounted drill increases
the distance from the noise source to the worker. Additionally, noisy jobs on construction sites
might be scheduled when other trades will not be affected.
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Another administrative control involves creating policies that result in regularly scheduled
equipment maintenance. Maintenance should be scheduled frequently enough to minimize the
noise produced by equipmentwith parts that are loose or not lubricated. Regular maintenance
should allowa piece of equipment to operate within 2 dBA of its lowest potential operating noise
level. Maintenance workers can also be trained to observe and listen for noise sources in
equipment. This might involve providing training on using sound level meters to perform surveys
in work areas to identify areas with high noise levels.

4. Personal Protective Equipment (Hearing Protection)

Hearing protection devices (HPDs) are considered the last option for controlling noise
exposures. HPDs are generally used during the time it takes to implement engineering or
administrative controls, or when such controls are not feasible. Unless great care is taken in
establishing a hearing conservation program, workers will often receive very little benefit from
HPDs. The best hearing protector, when fitted correctly, is one that is accepted by the worker
and worn properly. If the worker exposure is above 85 dBA (8-hour TWA), hearing protection
must be made available, along with the other requirements in the hearing protection program.

Earplugs come in a variety of sizes, shapes, and materials and can be reusable and/or
disposable (Figure 10). Earplugs are designed to occlude the ear canal when worn. All hearing
protectors are provided with an NRR. Although earplugs can offer protection against the harmful
effects of impulse noise, and some earplugs are designed specifically to reduce this type of
noise, the NRR is based on the attenuation of continuous noise and may not be an accurate
indicator of the protection attainable against impulse noise. Earplugs are better suited for warm
and/or humid environments, such as foundries, smelters, glass works, and outside construction
in the summer.

Figure 10. Earplugs

Earmuffs are another type of hearing protector (Figure 11). They come in a variety of sizes,
shapes, and materials and are relatively easy to dispense, as they are one-size devices
designed to fit nearly all adult users. Earmuffs are designed to cover the external ear and thus
reduce the amount of sound reaching the inner ear. Care must be takento ensure thatthe seal
of the earmuff is not broken by safety glasses, facial hair, respirators, or other equipment, as
even a very small leak in the seal can destroy the effectiveness of the earmuff. Earmuffs should
be chosen based on the frequency that needs to be reduced. Refer to the EPA label on the
manufacturer's product. Earmuffs are a good choice for intermittent exposure, given how easy
they are to put on and take off. Additionally, in cold environments, their warming effect is
appreciated (OTM/Driscoll).
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Hearing bands are a third type of HPD (Figure 11) and are similar to earplugs, but with a stiff
band that connects the portions that insert into a worker’s ears. The band typically wraps around
the back of the wearer’s neck, though variations are available. Hearing bands come in a variety
of sizes, shapes, and materials and are popular for their convenience. Hearing bands may not
provide the same noise attenuation as properly fitting earplugs, as the portions that fit into the
ears are stationary and cannot be twisted into place like earplugs.

Earplugs, earmuffs, or hearing bands alone might not provide sufficient protection from
significantly high noise levels. In this case, workers should wear double hearing protection—
earmuffs with earplugs. Avoid corded earplugs, as the cord would interfere with the muff seal.
Additionally, hearing bands cannot be worn with earplugs or earmuffs, as the connected band
would interfere with the muff seal, and there is no roomto insert earplugs at the same time.

Figure 11. Earmuffs and Hearing Bands

HPDs are rated to indicate the extent to which they reduce worker noise exposure. New
technologies are being developed to test the effectiveness of earplugs and could eventually
change the way hearing protectionis rated. See Appendix E for current information on NRR
methods, ratings, and requirements.
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	In spaces defined by walls, however, sound fields are more complex. When sound-reflecting objects such as walls or machinery are introduced into the sound field, the wave picture changes completely. Sound reverberates, reflecting back into the room rather than continuing to spread away from the source. Most industrial operations and many construction tasks occur under these conditions. Figure 5 diagrams sound radiating from a sound source and shows how reflected sound (dashed lines) complicates the situatio
	Figure 5. Original and Reflected Sound Waves  
	 
	The net result is a change in the intensity of the sound. The sound pressure does not decrease as rapidly as it would in a free field. In other words, it decreases by less than 6 dB each time the distance from the sound source doubles. 
	Far from the noise source—unless the boundaries are very absorbing—the reflected sound dominates. This region is called the reverberant field. If the sound pressure levels in a reverberant field are uniform throughout the room, and the sound waves travel in all directions with equal probability, the sound is said to be diffuse. 
	In actual practice, however, perfectly free fields and reverberant fields rarely exist—most sound fields are something in between. 
	7. Sound Power 
	Up to this point, this discussion has focused on sound pressure. Sound power, however, is an equally important concept. Sound power, usually measured in watts, is the amount of energy per unit of time that radiates from a source in the form of an acoustic wave. Generally, sound power cannot be measured directly, but modern instruments make it possible to measure the output at a point that is a known distance from the source.  
	Understanding the relationship between sound pressure and sound power is essential to predicting what noise problems will be created when particular sound sources are placed in working environments. An important consideration might be how close workers will be working to the source of sound. As a general rule, doubling the sound power increases the noise level by 3 dB. 
	As sound power radiates from a point source in free space, it is distributed over a spherical surface so that at any given point, there exists a certain sound power per unit area. This is designated as intensity, I, and is expressed in units of watts per square meter.  
	Sound intensity is heard as loudness, which can be perceived differently depending on the individual and his or her distance from the source and the characteristics of the surrounding space. As the distance from the sound source increases, the sound intensity decreases. The sound power coming from the source remains constant, but the spherical surface over which the power is spread increases—so the power is less intense. In other words, the sound power level of a source is independent of the environment. Ho
	distance, r, from the source depends on that distance and the sound-absorbing characteristics of the environment (OTM/Driscoll). 
	8. Filtering 
	Most noise is not a pure tone, but rather consists of many frequencies simultaneously emitted from the source. To properly represent the total noise of a source, it is usually necessary to break it down into its frequency components. One reason for this is that people react differently to low-frequency and high-frequency sounds. Additionally, for the same sound pressure level, high-frequency noise is much more disturbing and more capable of producing hearing loss than low-frequency noise. Engineering soluti
	Certain instruments that measure sound level can determine the frequency distribution of a sound by passing that sound successively through several different electronic filters that separate the sound into nine octaves on a frequency scale. Two of the most common reasons for filtering a sound include 1) determining its most prevalent frequencies (or octaves) to help engineers better know how to control the sound and 2) adjusting the sound level reading using one of several available weighting methods. These
	9. Octave Bands (Frequency Bands)  
	Octave bands, a type of frequency band, are a convenient way to measure and describe the various frequencies that are part of a sound. A frequency band is said to be an octave in width when its upper band-edge frequency, f2, is twice the lower band-edge frequency, f1: f2 = 2 f1.  
	Each octave band is named for its center frequency (geometric mean), calculated as follows: fc = (f1f2)1/2, where fc = center frequency and f1 and f2 are the lower and upper frequency band limits, respectively. The center, lower, and upper frequencies for the commonly used octave bands are listed in . 
	Table II–1

	Table II–1. Octave Band Filters and Frequency Range 
	Table II–1. Octave Band Filters and Frequency Range 
	Table II–1. Octave Band Filters and Frequency Range 
	Table II–1. Octave Band Filters and Frequency Range 


	Lower Band Limit (Hz) 
	Lower Band Limit (Hz) 
	Lower Band Limit (Hz) 

	Band Center Frequency (Geometric Mean in Hz) 
	Band Center Frequency (Geometric Mean in Hz) 

	Upper Band Limit (Hz) 
	Upper Band Limit (Hz) 


	22 
	22 
	22 

	31.5 
	31.5 

	44 
	44 


	44 
	44 
	44 

	63 
	63 

	88 
	88 


	88 
	88 
	88 

	125 
	125 

	177 
	177 


	177 
	177 
	177 

	250 
	250 

	354 
	354 


	354 
	354 
	354 

	500 
	500 

	707 
	707 


	707 
	707 
	707 

	1,000 
	1,000 

	1,414 
	1,414 


	1,414 
	1,414 
	1,414 

	2,000 
	2,000 

	2,828 
	2,828 


	2,828 
	2,828 
	2,828 

	4,000 
	4,000 

	5,656 
	5,656 


	5,656 
	5,656 
	5,656 

	8,000 
	8,000 

	11,312 
	11,312 


	11,312 
	11,312 
	11,312 

	16,000 
	16,000 

	22,624 
	22,624 


	Each octave band is named for its center frequency. 
	Each octave band is named for its center frequency. 
	Each octave band is named for its center frequency. 



	The width of a full octave band (its bandwidth) is equal to the upper band limit minus the lower band limit. For more detailed frequency analysis, the octaves can be divided into one-third octave bands; however, this level of detail is not typically required for evaluation and control of workplace noise. 
	Electronic instruments called octave band analyzers filter sound to measure the sound pressure (as dB) contributed by each octave band. These analyzers either attach to a type 1 sound level meter or are integral to the meter. Both the analyzers and sound level meters are discussed further in Section III. 
	10. Loudness and Weighting Networks  
	Loudness is the subjective human response to sound. It depends primarily on sound pressure but is also influenced by frequency.  
	Three different internationally standardized characteristics are used for sound measurement: weighting networks A, C, and Z (or “zero” weighting). The A and C weighting networks are the sound level meter’s means of responding to some frequencies more than others. The very low frequencies are discriminated against (attenuated) quite severely by the A-network and hardly attenuated at all by the C-network. Sound levels (dB) measured using these weighting scales are designated by the appropriate letter (i.e., d
	The A-weighted sound level measurement is thought to provide a rating of industrial noise that indicates the injurious effects such noise has on human hearing and has been adopted by OSHA in its noise standards (OTM/Driscoll). In contrast, the Z-weighted measurement is an unweighted scale (introduced as an international standard in 2003), which provides a flat response across the entire frequency spectrum from 10 Hz to 20,000 Hz. The C-weighted scale is used as an alternative to the Z-weighted measurement (
	The networks evolved from experiments designed to determine the response of the human ear to sound, reported in 1933 by a pair of investigators named Fletcher and Munson. Their study presented a 1,000-Hz reference tone and a test tone alternately to the test subjects (young men), who were asked to adjust the level of the test tone until it sounded as loud as the reference tone. The results of these experiments yielded the frequently cited Fletcher-Munson, or “equal-loudness,” contours, which are displayed i
	Figure 6

	Figure 6. The Fletcher-Munson Contours 
	 
	These contours represent the sound pressure level necessary at each frequency to produce the same loudness response in the average listener. The nonlinearity of the ear’s response is represented by the changing contour shapes as the sound pressure level is increased (a phenomenon that is particularly noticeable at low frequencies). The lower, dashed curve indicates the threshold of hearing and represents the sound-pressure level necessary to trigger the sensation of hearing in the average listener. Among he
	Ultrasound is not listed in Figure 6 because it has a frequency that is too high to be audible to the human ear. See Appendix C for more information about ultrasound and its potential health effects and threshold limit values. 
	C. How We Hear 
	The ear is the organ that makes hearing possible. It can be divided into three sections: the external or outer ear, the middle ear, and the inner ear. Figure 7 shows the parts of the ear. 
	Figure 7. Anatomy of the Human Ear 
	 
	(OTM/Driscoll) 
	The function of the ear is to gather, transmit, and perceive sounds from the environment. This involves three stages:  
	• Stage 1: Modification of the acoustic wave by the outer ear, which receives the wave and directs it to the eardrum. Sound reaches the eardrum as variations in air pressure. 
	• Stage 1: Modification of the acoustic wave by the outer ear, which receives the wave and directs it to the eardrum. Sound reaches the eardrum as variations in air pressure. 
	• Stage 1: Modification of the acoustic wave by the outer ear, which receives the wave and directs it to the eardrum. Sound reaches the eardrum as variations in air pressure. 

	• Stage 2: Conversion and amplification of the modified acoustic wave to a vibration of the eardrum. These vibrations are amplified by the ossicles, small bones located in the middle ear that transmit sound pressure to the inner ear. The vibrations are then transmitted as wave energy through the liquid of the inner ear (the cochlea). 
	• Stage 2: Conversion and amplification of the modified acoustic wave to a vibration of the eardrum. These vibrations are amplified by the ossicles, small bones located in the middle ear that transmit sound pressure to the inner ear. The vibrations are then transmitted as wave energy through the liquid of the inner ear (the cochlea). 

	• Stage 3: Transformation of the mechanical movement of the wave into nerve impulses that will travel to the brain, which then perceives and interprets the impulse as sound. The cilia of nerve cells in the inner ear, called hair cells, respond to the location of movement of the basilar membrane and, depending on their position in the decreasing radius of the spiral-shaped cochlea, activate the auditory nerve to transmit information that the brain can interpret as pitch and loudness. 
	• Stage 3: Transformation of the mechanical movement of the wave into nerve impulses that will travel to the brain, which then perceives and interprets the impulse as sound. The cilia of nerve cells in the inner ear, called hair cells, respond to the location of movement of the basilar membrane and, depending on their position in the decreasing radius of the spiral-shaped cochlea, activate the auditory nerve to transmit information that the brain can interpret as pitch and loudness. 


	Impaired function at any of these stages will affect hearing.  
	 on the outer ear, middle ear, and inner ear is available in OSHA’s Noise Safety and Health Topics Page [Links to Noise SHTP]. 
	Additional information

	D. Hearing Loss 
	To categorize different types of hearing loss, the impairment is often described as either conductive or sensorineural, or a combination of the two. 
	Conductive hearing loss results from any condition in the outer or middle ear that interferes with sound passing to the inner ear. Excessive wax in the auditory canal, a ruptured eardrum, and other conditions of the outer or middle ear can produce conductive hearing loss. Although work-related conductive hearing loss is not common, it can occur when an accident results in a head injury or penetration of the eardrum by a sharp object, or by any event that ruptures the eardrum or breaks the ossicular chain fo
	Sensorineural hearing loss is a permanent condition that usually cannot be treated medically or surgically and is associated with irreversible damage to the inner ear. The normal aging process and excessive noise exposure are both notable causes of sensorineural hearing loss. Studies show that exposure to noise damages the sensory hair cells that line the cochlea. Even moderate noise can cause twisting and swelling of hair cells and biochemical changes that reduce the hair cell sensitivity to mechanical mot
	Figure 8 shows the typical audiogram patterns for people with conductive and sensorineural hearing loss. 
	Figure 8. Audiograms 
	                         
	 
	Download the  to understand more about the effects of noise exposure and age on hearing.  
	NIOSH "Hearing Loss Simulator"

	It is important to note that some hearing loss occurs over time as a normal condition of aging. Termed presbycusis, this gradual sensorineural loss decreases a person’s ability to hear high frequencies. Presbycusis can make it difficult to diagnose noise-related hearing loss in older people because both affect the upper range of an audiogram. An 8,000-Hz “Notch” in an audiogram often indicates that the hearing loss is aged-related as opposed to noise-induced. As humans begin losing their hearing, they often
	E. Effects of Excessive Occupational Noise Exposure 
	Workplace noise affects the human body in various ways. The most well-known is hearing loss, but work in a noisy environment also can have other effects.  
	1. Auditory Effects 
	Although noise-induced hearing loss is one of the most common occupational illnesses, it is often ignored because there are no visible effects. It usually develops over a long period of time, and, except in very rare cases, there is no pain. What does occur is a progressive loss of communication, socialization, and responsiveness to the environment. In its early stages (when hearing loss is above 2,000 Hz), it affects the ability to understand or discriminate speech. As it progresses to the lower frequencie
	The primary effects of workplace noise exposure include noise-induced temporary threshold shift, noise-induced permanent threshold shift, acoustic trauma, and tinnitus. A noise-induced temporary threshold shift is a short-term decrease in hearing sensitivity that displays as a downward shift in the audiogram output. It returns to the pre-exposed level in a matter of hours or days, assuming there is not continued exposure to excessive noise.  
	If noise exposure continues, the shift can become a noise-induced permanent threshold shift, which is a decrease in hearing sensitivity that is not expected to improve over time. A standard threshold shift is a change in hearing thresholds of an average of 10 dB or more at 2,000, 3,000, and 4,000 Hz in either ear when compared to a baseline audiogram. Employers can conduct a follow-up audiogram within 30 days to confirm whether the standard threshold shift is permanent. Under 29 CFR (g)(8), if workers exper
	1910.95

	The effects of excessive noise exposure are made worse when workers have extended shifts (longer than 8 hours). With extended shifts, the duration of the noise exposure is longer and the amount of time between shifts is shorter. This means that the ears have less time to recover between noisy shifts. As a result, short-term effects, such as temporary threshold shifts, can become permanent more quickly than would occur with standard 8-hour workdays. 
	Tinnitus, or “ringing in the ears,” can occur after long-term exposure to high sound levels, or sometimes from short-term exposure to very high sound levels, such as gunshots. Many other physical and physiological conditions also cause tinnitus. Regardless of the cause, this condition is actually a disturbance produced by the inner ear and interpreted by the brain as sound. Individuals with tinnitus describe it as a hum, buzz, roar, ring, or whistle, which can be short term or permanent.  
	Acoustic trauma refers to a temporary or permanent hearing loss due to a sudden, intense acoustic or noise event, such as an explosion. 
	2. Worker Illness and Injury Reports 
	The U.S. Bureau of Labor Statistics (BLS) publishes annual statistics for occupational injuries (including hearing loss) reported by employers as part of required recordkeeping. The BLS data show that hearing loss represented 12% of the occupational illnesses reported in  (Figure 9). This represents more than 18,000 workers who experienced significant loss of hearing due to workplace noise exposure. 
	2010

	Figure 9. Distribution of Occupational Injury and Illness Cases 
	 
	3. Other Effects 
	Other consequences of excessive workplace noise exposure include interference with communications and performance. Workers might find it difficult to understand speech or auditory signals in areas with high noise levels. Noisy environments also lead to a sense of isolation, annoyance, difficulty concentrating, lowered morale, reduced efficiency, absenteeism, and accidents.  
	In some individuals, excessive noise exposure can contribute to other physical effects. These can include muscle tension and increased blood pressure (hypertension). Noise exposure can also cause a stress reaction, interfere with sleep, and cause fatigue. 
	F. Ultrasonics  
	Ultrasound is high-frequency sound that is inaudible (i.e., cannot be heard) by the human ear. However, it still might affect hearing and produce other health effects. For more information, see Appendix C.  
	 
	 
	Factors to consider regarding ultrasonics include:  
	• The upper frequency of audibility of the human ear is approximately 15 to 20 kilohertz (kHz). This is not a set limit: some individuals may have higher or lower (usually lower) limits. The frequency limit normally declines with age.  
	• The upper frequency of audibility of the human ear is approximately 15 to 20 kilohertz (kHz). This is not a set limit: some individuals may have higher or lower (usually lower) limits. The frequency limit normally declines with age.  
	• The upper frequency of audibility of the human ear is approximately 15 to 20 kilohertz (kHz). This is not a set limit: some individuals may have higher or lower (usually lower) limits. The frequency limit normally declines with age.  

	• Most of the audible noise associated with ultrasonic sources, such as ultrasonic welders or ultrasonic cleaners, consists of subharmonics of the machine's major ultrasonic frequencies.  
	• Most of the audible noise associated with ultrasonic sources, such as ultrasonic welders or ultrasonic cleaners, consists of subharmonics of the machine's major ultrasonic frequencies.  


	Example: Many ultrasonic welders have a fundamental operating frequency of 20 kHz, a sound that is at the upper frequency of audibility of the human ear. However, a good deal of noise may be present at 10 kHz, the first subharmonic frequency of the 20-kHz operating frequency, which is audible to most people. 
	G. Noise and Solvent Interactions 
	Animal experiments have indicated that combined exposure to noise and solvents induces synergistic adverse effects on hearing. Experimental studies have explored specific substances, including toluene, styrene, ethylbenzene, and trichloroethylene.  
	A number of epidemiological studies have investigated the noise–solvent relationship in humans. Overall, the evidence strongly suggests that combined exposure to noise and organic solvents can have interactive effects (either additive or synergistic), in which solvents exacerbate noise-induced impairments even though the noise intensity is below the permissible limit value. In addition to the synergistic effects with solvents, noise may also have additive, potentiating, or synergistic ototoxicity with asphy
	H. Affected Industries and Workers 
	1. Affected Industries 
	Workplace noise exposure is widespread. Analysis of OSHA’s Integrated Management Information System (IMIS) data for 1979 through 2006 showed that workers were exposed to hazardous noise levels in every major industry sector. Although this time span covers many years, the recent decade is well represented: 58,297 (27%) of the personal noise exposure levels in IMIS were measured in 2000 or later.  
	1

	1 This period encompasses the entire IMIS record for noise through 2006. The data were first inspected, and individual records with internal inconsistencies were removed. One example of an inconsistency is a record coded as a personal noise result with units other than dB or percentage dose (e.g., a value coded as a noise result with units inadvertently entered as mg/m3 would have been removed before analysis). The final dataset contained 224,339 personal noise exposure records. 
	1 This period encompasses the entire IMIS record for noise through 2006. The data were first inspected, and individual records with internal inconsistencies were removed. One example of an inconsistency is a record coded as a personal noise result with units other than dB or percentage dose (e.g., a value coded as a noise result with units inadvertently entered as mg/m3 would have been removed before analysis). The final dataset contained 224,339 personal noise exposure records. 

	 through II–5 summarize the noise measurements obtained by OSHA in each major industry sector. These tables also present the median noise levels and the percentage of noise 
	Table II–2

	measurements over either the action level (AL), 85 dBA, or the permissible exposure limit (PEL), 90 dBA. The data appear in separate tables because OSHA uses different criteria for the AL and PEL. Each noise measurement entered into IMIS is related to either the AL or the PEL, depending on the threshold level designated during dosimeter setup.  
	2

	2 Please note that workplace sampling is required, and the historical data displayed should not be used to justify whether or not to monitor for overexposure to noise. 
	2 Please note that workplace sampling is required, and the historical data displayed should not be used to justify whether or not to monitor for overexposure to noise. 

	OSHA obtained the vast majority of IMIS noise exposure records in manufacturing facilities. Manufacturing is among the loudest industries, with 43% of the IMIS noise samples exceeding the PEL of 90 dBA time-weighted average (TWA). In addition, 47% of the samples taken in the construction industry exceeded the PEL. The IMIS exposure records for the manufacturing industry are presented by three-digit North American Industrial Classification System (NAICS) codes in two tables ( and II–5) (relative to the AL an
	Table II–4

	In addition to median decibels and percent over the PEL,  shows the distribution of manufacturing industry dosimetry measurements at the PEL and higher (by decibel level). 
	Table II–5

	Table II–2. Noise Measurements Exceeding the AL, IMIS (1979–2006) 
	Table II–2. Noise Measurements Exceeding the AL, IMIS (1979–2006) 
	Table II–2. Noise Measurements Exceeding the AL, IMIS (1979–2006) 
	Table II–2. Noise Measurements Exceeding the AL, IMIS (1979–2006) 


	Industry 
	Industry 
	Industry 

	Total Records 
	Total Records 

	Median dBA 
	Median dBA 

	% Over the AL 
	% Over the AL 


	Agriculture 
	Agriculture 
	Agriculture 

	206 
	206 

	86.83 
	86.83 

	64% 
	64% 


	Utilities 
	Utilities 
	Utilities 

	396 
	396 

	82.82 
	82.82 

	36% 
	36% 


	Mining 
	Mining 
	Mining 

	40 
	40 

	88.04 
	88.04 

	78% 
	78% 


	Construction 
	Construction 
	Construction 

	1,382 
	1,382 

	86.91 
	86.91 

	62% 
	62% 


	Manufacturing 
	Manufacturing 
	Manufacturing 

	80,120 
	80,120 

	87.32 
	87.32 

	67% 
	67% 


	Wholesale/retail 
	Wholesale/retail 
	Wholesale/retail 

	2,908 
	2,908 

	85.61 
	85.61 

	54% 
	54% 


	Transportation 
	Transportation 
	Transportation 

	1,190 
	1,190 

	82.63 
	82.63 

	36% 
	36% 


	Finance 
	Finance 
	Finance 

	71 
	71 

	78.20 
	78.20 

	27% 
	27% 


	Services 
	Services 
	Services 

	5,107 
	5,107 

	83.90 
	83.90 

	44% 
	44% 


	All other private sector 
	All other private sector 
	All other private sector 

	34 
	34 

	90.58 
	90.58 

	88% 
	88% 


	Government 
	Government 
	Government 

	935 
	935 

	83.68 
	83.68 

	44% 
	44% 



	 
	Table II–3. Noise Measurements Exceeding the PEL, IMIS (1979–2006) 
	Table II–3. Noise Measurements Exceeding the PEL, IMIS (1979–2006) 
	Table II–3. Noise Measurements Exceeding the PEL, IMIS (1979–2006) 
	Table II–3. Noise Measurements Exceeding the PEL, IMIS (1979–2006) 


	TR
	TH
	Industry 

	TH
	Total Records 

	TH
	Median dBA 

	TH
	% Over the PEL 


	Agriculture 
	Agriculture 
	Agriculture 

	354 
	354 

	86.80 
	86.80 

	33% 
	33% 


	Utilities 
	Utilities 
	Utilities 

	513 
	513 

	81.19 
	81.19 

	19% 
	19% 


	Mining 
	Mining 
	Mining 

	56 
	56 

	85.55 
	85.55 

	27% 
	27% 


	Construction 
	Construction 
	Construction 

	3,133 
	3,133 

	89.22 
	89.22 

	47% 
	47% 


	Manufacturing 
	Manufacturing 
	Manufacturing 

	116,983 
	116,983 

	88.74 
	88.74 

	43% 
	43% 


	Wholesale/retail 
	Wholesale/retail 
	Wholesale/retail 

	3,342 
	3,342 

	86.67 
	86.67 

	33% 
	33% 


	Transportation 
	Transportation 
	Transportation 

	1,261 
	1,261 

	80.89 
	80.89 

	16% 
	16% 


	Finance 
	Finance 
	Finance 

	88 
	88 

	75.20 
	75.20 

	15% 
	15% 


	Services 
	Services 
	Services 

	5,167 
	5,167 

	83.21 
	83.21 

	23% 
	23% 


	All other private sector 
	All other private sector 
	All other private sector 

	231 
	231 

	89.76 
	89.76 

	47% 
	47% 


	Government 
	Government 
	Government 

	822 
	822 

	82.29 
	82.29 

	23% 
	23% 



	 
	Table II–4. Manufacturing Industry Noise Measurements Obtained  Using AL Criteria, IMIS (1979–2006) 
	Table II–4. Manufacturing Industry Noise Measurements Obtained  Using AL Criteria, IMIS (1979–2006) 
	Table II–4. Manufacturing Industry Noise Measurements Obtained  Using AL Criteria, IMIS (1979–2006) 
	Table II–4. Manufacturing Industry Noise Measurements Obtained  Using AL Criteria, IMIS (1979–2006) 


	TR
	TH
	NAICS 

	TH
	NAICS Title 

	TH
	Total Records 

	TH
	Median dBA 

	TH
	% Over the AL 


	311 
	311 
	311 

	Food Manufacturing 
	Food Manufacturing 

	6,100 
	6,100 

	88.60 
	88.60 

	79% 
	79% 


	312 
	312 
	312 

	Beverage and Tobacco Product Manufacturing 
	Beverage and Tobacco Product Manufacturing 

	34 
	34 

	87.39 
	87.39 

	85% 
	85% 


	314 
	314 
	314 

	Textile Product Mills 
	Textile Product Mills 

	1,749 
	1,749 

	87.32 
	87.32 

	69% 
	69% 


	315 
	315 
	315 

	Apparel Manufacturing 
	Apparel Manufacturing 

	817 
	817 

	82.73 
	82.73 

	36% 
	36% 


	316 
	316 
	316 

	Leather and Allied Product Manufacturing 
	Leather and Allied Product Manufacturing 

	406 
	406 

	86.56 
	86.56 

	61% 
	61% 


	321 
	321 
	321 

	Wood Product Manufacturing 
	Wood Product Manufacturing 

	9,836 
	9,836 

	89.34 
	89.34 

	79% 
	79% 


	322 
	322 
	322 

	Paper Manufacturing 
	Paper Manufacturing 

	2,879 
	2,879 

	86.90 
	86.90 

	65% 
	65% 


	323 
	323 
	323 

	Printing and Related Support Activities 
	Printing and Related Support Activities 

	2,256 
	2,256 

	84.08 
	84.08 

	43% 
	43% 


	324 
	324 
	324 

	Petroleum and Coal Products Manufacturing 
	Petroleum and Coal Products Manufacturing 

	217 
	217 

	86.32 
	86.32 

	57% 
	57% 


	325 
	325 
	325 

	Chemical Manufacturing 
	Chemical Manufacturing 

	1,762 
	1,762 

	85.56 
	85.56 

	54% 
	54% 


	326 
	326 
	326 

	Plastics and Rubber Products Manufacturing 
	Plastics and Rubber Products Manufacturing 

	6,381 
	6,381 

	86.39 
	86.39 

	61% 
	61% 


	327 
	327 
	327 

	Nonmetallic Mineral Product Manufacturing 
	Nonmetallic Mineral Product Manufacturing 

	4,034 
	4,034 

	87.00 
	87.00 

	63% 
	63% 


	331 
	331 
	331 

	Primary Metal Manufacturing 
	Primary Metal Manufacturing 

	6,306 
	6,306 

	89.25 
	89.25 

	80% 
	80% 


	332 
	332 
	332 

	Fabricated Metal Product Manufacturing 
	Fabricated Metal Product Manufacturing 

	15,248 
	15,248 

	87.60 
	87.60 

	69% 
	69% 


	333 
	333 
	333 

	Machinery Manufacturing 
	Machinery Manufacturing 

	7,514 
	7,514 

	85.47 
	85.47 

	53% 
	53% 


	334 
	334 
	334 

	Computer and Electronic Product Manufacturing 
	Computer and Electronic Product Manufacturing 

	219 
	219 

	85.00 
	85.00 

	50% 
	50% 


	335 
	335 
	335 

	Electrical Equipment, Appliance, and Component Manufacturing 
	Electrical Equipment, Appliance, and Component Manufacturing 

	2,679 
	2,679 

	85.84 
	85.84 

	57% 
	57% 


	336 
	336 
	336 

	Transportation Equipment Manufacturing 
	Transportation Equipment Manufacturing 

	5,660 
	5,660 

	87.38 
	87.38 

	67% 
	67% 


	337 
	337 
	337 

	Furniture and Related Product Manufacturing 
	Furniture and Related Product Manufacturing 

	3,867 
	3,867 

	86.83 
	86.83 

	64% 
	64% 


	339 
	339 
	339 

	Miscellaneous Manufacturing 
	Miscellaneous Manufacturing 

	2,156 
	2,156 

	85.62 
	85.62 

	55% 
	55% 



	 
	Table II–5. Manufacturing Industry Noise Measurements Obtained Using PEL Criteria,  
	Table II–5. Manufacturing Industry Noise Measurements Obtained Using PEL Criteria,  
	Table II–5. Manufacturing Industry Noise Measurements Obtained Using PEL Criteria,  
	Table II–5. Manufacturing Industry Noise Measurements Obtained Using PEL Criteria,  
	IMIS (1979–2006) 


	TR
	TH
	NAICS 

	TH
	NAICS Title 

	TH
	Total Records 

	TH
	Median dBA 

	TH
	% Over the PEL 

	TH
	 

	TH
	% Noise Measurements  in dB Range 


	TR
	TH
	90 to 94 dB 

	TH
	95 to 100 dBA 

	TH
	100 to 104 dBA 

	TH
	105 dBA+ 


	311 
	311 
	311 

	Food Manufacturing 
	Food Manufacturing 

	9,070 
	9,070 

	89.51 
	89.51 

	47% 
	47% 

	 
	 

	34% 
	34% 

	11% 
	11% 

	2% 
	2% 

	0% 
	0% 


	312 
	312 
	312 

	Beverage and Tobacco Product Manufacturing 
	Beverage and Tobacco Product Manufacturing 

	40 
	40 

	85.64 
	85.64 

	25% 
	25% 

	 
	 

	25% 
	25% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	314 
	314 
	314 

	Textile Product Mills 
	Textile Product Mills 

	2,790 
	2,790 

	89.40 
	89.40 

	47% 
	47% 

	 
	 

	31% 
	31% 

	11% 
	11% 

	4% 
	4% 

	1% 
	1% 


	315 
	315 
	315 

	Apparel Manufacturing 
	Apparel Manufacturing 

	828 
	828 

	81.32 
	81.32 

	12% 
	12% 

	 
	 

	9% 
	9% 

	4% 
	4% 

	0% 
	0% 

	0% 
	0% 


	316 
	316 
	316 

	Leather and Allied Product Manufacturing 
	Leather and Allied Product Manufacturing 

	551 
	551 

	89.71 
	89.71 

	48% 
	48% 

	 
	 

	35% 
	35% 

	11% 
	11% 

	2% 
	2% 

	0% 
	0% 


	321 
	321 
	321 

	Wood Product Manufacturing 
	Wood Product Manufacturing 

	16,330 
	16,330 

	91.72 
	91.72 

	60% 
	60% 

	 
	 

	30% 
	30% 

	22% 
	22% 

	7% 
	7% 

	1% 
	1% 


	322 
	322 
	322 

	Paper Manufacturing 
	Paper Manufacturing 

	4,344 
	4,344 

	87.90 
	87.90 

	38% 
	38% 

	 
	 

	28% 
	28% 

	8% 
	8% 

	1% 
	1% 

	0% 
	0% 


	323 
	323 
	323 

	Printing and Related Support Activities 
	Printing and Related Support Activities 

	2,620 
	2,620 

	82.22 
	82.22 

	17% 
	17% 

	 
	 

	15% 
	15% 

	2% 
	2% 

	0% 
	0% 

	0% 
	0% 


	324 
	324 
	324 

	Petroleum and Coal Products Manufacturing 
	Petroleum and Coal Products Manufacturing 

	376 
	376 

	86.72 
	86.72 

	27% 
	27% 

	 
	 

	22% 
	22% 

	5% 
	5% 

	1% 
	1% 

	0% 
	0% 


	325 
	325 
	325 

	Chemical Manufacturing 
	Chemical Manufacturing 

	2,611 
	2,611 

	85.20 
	85.20 

	24% 
	24% 

	 
	 

	18% 
	18% 

	5% 
	5% 

	1% 
	1% 

	0% 
	0% 


	326 
	326 
	326 

	Plastics and Rubber Products Manufacturing 
	Plastics and Rubber Products Manufacturing 

	7,627 
	7,627 

	86.07 
	86.07 

	30% 
	30% 

	 
	 

	21% 
	21% 

	6% 
	6% 

	2% 
	2% 

	0% 
	0% 


	327 
	327 
	327 

	Nonmetallic Mineral Product Manufacturing 
	Nonmetallic Mineral Product Manufacturing 

	5,772 
	5,772 

	88.39 
	88.39 

	41% 
	41% 

	 
	 

	26% 
	26% 

	10% 
	10% 

	4% 
	4% 

	1% 
	1% 


	Table II–5. Manufacturing Industry Noise Measurements Obtained Using PEL Criteria,  
	Table II–5. Manufacturing Industry Noise Measurements Obtained Using PEL Criteria,  
	Table II–5. Manufacturing Industry Noise Measurements Obtained Using PEL Criteria,  
	IMIS (1979–2006) 



	Table
	TR
	TH
	NAICS 

	TH
	NAICS Title 

	TH
	Total Records 

	TH
	Median dBA 

	TH
	% Over the PEL 

	TH
	 

	TH
	% Noise Measurements  in dB Range 



	Table
	TR
	TH
	90 to 94 dB 

	TH
	95 to 100 dBA 

	TH
	100 to 104 dBA 

	TH
	105 dBA+ 


	331 
	331 
	331 

	Primary Metal Manufacturing 
	Primary Metal Manufacturing 

	13,196 
	13,196 

	91.32 
	91.32 

	58% 
	58% 

	 
	 

	34% 
	34% 

	19% 
	19% 

	5% 
	5% 

	1% 
	1% 


	332 
	332 
	332 

	Fabricated Metal Product Manufacturing 
	Fabricated Metal Product Manufacturing 

	20,549 
	20,549 

	88.86 
	88.86 

	44% 
	44% 

	 
	 

	27% 
	27% 

	13% 
	13% 

	3% 
	3% 

	1% 
	1% 


	333 
	333 
	333 

	Machinery Manufacturing 
	Machinery Manufacturing 

	10,156 
	10,156 

	86.22 
	86.22 

	31% 
	31% 

	 
	 

	21% 
	21% 

	8% 
	8% 

	2% 
	2% 

	0% 
	0% 


	334 
	334 
	334 

	Computer and Electronic Product Manufacturing 
	Computer and Electronic Product Manufacturing 

	360 
	360 

	85.28 
	85.28 

	29% 
	29% 

	 
	 

	23% 
	23% 

	6% 
	6% 

	1% 
	1% 

	0% 
	0% 


	335 
	335 
	335 

	Electrical Equipment, Appliance, and Component Manufacturing 
	Electrical Equipment, Appliance, and Component Manufacturing 

	3,889 
	3,889 

	86.54 
	86.54 

	32% 
	32% 

	 
	 

	22% 
	22% 

	8% 
	8% 

	2% 
	2% 

	0% 
	0% 


	336 
	336 
	336 

	Transportation Equipment Manufacturing  
	Transportation Equipment Manufacturing  

	7,812 
	7,812 

	88.36 
	88.36 

	41% 
	41% 

	 
	 

	24% 
	24% 

	12% 
	12% 

	4% 
	4% 

	1% 
	1% 


	337 
	337 
	337 

	Furniture and Related Product Manufacturing 
	Furniture and Related Product Manufacturing 

	5,292 
	5,292 

	87.83 
	87.83 

	38% 
	38% 

	 
	 

	27% 
	27% 

	9% 
	9% 

	2% 
	2% 

	0% 
	0% 


	339 
	339 
	339 

	Miscellaneous Manufacturing 
	Miscellaneous Manufacturing 

	2,770 
	2,770 

	86.78 
	86.78 

	35% 
	35% 

	 
	 

	24% 
	24% 

	8% 
	8% 

	3% 
	3% 

	0% 
	0% 



	 
	2. Historically Affected Jobs in General Industry 
	Noise is a potential hazard for most jobs that involve abrasive or high-power machinery, impact of rapidly moving parts (product or machinery), or power tools. According to IMIS noise measurements, workers in certain occupations within specific industries are exposed to excessive noise more frequently than others. While many jobs have noise exposure, historically, some of the occupations with the most extreme exposures (listed by Standard Industrial Classification, or SIC) have included:  
	• SIC 20 and 21 (food, beverages, and tobacco industry): slaughterers and meat packers.  
	• SIC 20 and 21 (food, beverages, and tobacco industry): slaughterers and meat packers.  
	• SIC 20 and 21 (food, beverages, and tobacco industry): slaughterers and meat packers.  

	• SIC 22, 23, and 31 (textile, apparel, and leather industry): textile winders, shoe and leather workers and repairers, textile knitting and weaving machine operators.  
	• SIC 22, 23, and 31 (textile, apparel, and leather industry): textile winders, shoe and leather workers and repairers, textile knitting and weaving machine operators.  

	• SIC 24 (lumber and wood products industry, including logging and lumber mill operations): most occupations (except cabinetmakers). 
	• SIC 24 (lumber and wood products industry, including logging and lumber mill operations): most occupations (except cabinetmakers). 

	• SIC 25 (furniture and fixtures industry): machine feeders. 
	• SIC 25 (furniture and fixtures industry): machine feeders. 

	• SIC 26 (paper and paper industry): paper goods machine operators. 
	• SIC 26 (paper and paper industry): paper goods machine operators. 

	• SIC 28 through 30 (printing and publishing, chemicals and petroleum, and plastics and rubber industries): chemical equipment operators (SIC 28 and 29), laborers and freight movers (SIC 28 and 29), grinding machine operators (SIC 30), and helpers (SIC 30). 
	• SIC 28 through 30 (printing and publishing, chemicals and petroleum, and plastics and rubber industries): chemical equipment operators (SIC 28 and 29), laborers and freight movers (SIC 28 and 29), grinding machine operators (SIC 30), and helpers (SIC 30). 

	• SIC 32 (nonmetallic minerals industry): inspectors, testers, and sorters; extruding, forming, and pressing machine operators; hoist and winch operators; unspecified “operators.” 
	• SIC 32 (nonmetallic minerals industry): inspectors, testers, and sorters; extruding, forming, and pressing machine operators; hoist and winch operators; unspecified “operators.” 

	• SIC 33 and 34 (primary metal and fabricated metal products industries): forging machine operators, grinding and lapping machine operators, and welders.  
	• SIC 33 and 34 (primary metal and fabricated metal products industries): forging machine operators, grinding and lapping machine operators, and welders.  

	• SIC 35 through 39 (various equipment manufacturers): milling and planing machine operators, coil winders and tapers, forging machine operators, grinding and lapping machine operators, and abrasive blasters. 
	• SIC 35 through 39 (various equipment manufacturers): milling and planing machine operators, coil winders and tapers, forging machine operators, grinding and lapping machine operators, and abrasive blasters. 


	 
	3. Summary of Construction Industry Noise Exposure by Trade and Activity 
	Table II–6. Summary of Average TWA Construction Noise Exposure  
	Table II–6. Summary of Average TWA Construction Noise Exposure  
	Table II–6. Summary of Average TWA Construction Noise Exposure  
	Table II–6. Summary of Average TWA Construction Noise Exposure  
	from University of Washington Noise Monitoring Research 


	Trades Monitored 
	Trades Monitored 
	Trades Monitored 

	Number of Measurements 
	Number of Measurements 

	OSHA TWA 
	OSHA TWA 
	Mean dBA 

	OSHA TWA 
	OSHA TWA 
	Percent >90 dBA 


	Brick/Tile Worker 
	Brick/Tile Worker 
	Brick/Tile Worker 

	28 
	28 

	75.2 
	75.2 

	8 
	8 


	Bricklayer 
	Bricklayer 
	Bricklayer 

	15 
	15 

	83.8 
	83.8 

	4 
	4 


	Carpenter 
	Carpenter 
	Carpenter 

	82 
	82 

	82.3 
	82.3 

	11 
	11 


	Cement Mason 
	Cement Mason 
	Cement Mason 

	26 
	26 

	78.9 
	78.9 

	10 
	10 


	Electrician 
	Electrician 
	Electrician 

	208 
	208 

	80.0 
	80.0 

	4 
	4 


	Insulation Worker 
	Insulation Worker 
	Insulation Worker 

	22 
	22 

	74.5 
	74.5 

	5 
	5 


	Iron Worker 
	Iron Worker 
	Iron Worker 

	59 
	59 

	82.1 
	82.1 

	10 
	10 


	Laborer 
	Laborer 
	Laborer 

	58 
	58 

	83.3 
	83.3 

	14 
	14 


	Operating Engineer 
	Operating Engineer 
	Operating Engineer 

	44 
	44 

	83.5 
	83.5 

	14 
	14 


	Sheet Metal Worker 
	Sheet Metal Worker 
	Sheet Metal Worker 

	38 
	38 

	80.4 
	80.4 

	0 
	0 


	Source: Adapted from Seixas and Neitzel, 2002. (Submittal to OSHA’s Advance Notice of Proposed Rulemaking Docket H-011G). 
	Source: Adapted from Seixas and Neitzel, 2002. (Submittal to OSHA’s Advance Notice of Proposed Rulemaking Docket H-011G). 
	Source: Adapted from Seixas and Neitzel, 2002. (Submittal to OSHA’s Advance Notice of Proposed Rulemaking Docket H-011G). 



	 
	Table II–7. Task-Specific Average Noise Levels by Construction Trade 
	Table II–7. Task-Specific Average Noise Levels by Construction Trade 
	Table II–7. Task-Specific Average Noise Levels by Construction Trade 
	Table II–7. Task-Specific Average Noise Levels by Construction Trade 


	TR
	TH
	TRADE 
	(Tasks) 

	TH
	Average dBA for Each Task Event  

	TH
	 

	TH
	TRADE 
	(Tasks) 

	TH
	Average dBA for Each Task Event 


	CARPENTER  
	CARPENTER  
	CARPENTER  


	Operating work vehicle 
	Operating work vehicle 
	Operating work vehicle 

	80.1 
	80.1 

	 
	 

	Wood framing 
	Wood framing 

	91.0 
	91.0 


	Break, rest, lunch, cleanup 
	Break, rest, lunch, cleanup 
	Break, rest, lunch, cleanup 

	87.8 
	87.8 

	 
	 

	Building forms 
	Building forms 

	92.9 
	92.9 


	Shop work 
	Shop work 
	Shop work 

	88.8 
	88.8 

	 
	 

	Stripping forms 
	Stripping forms 

	94.8 
	94.8 


	Interior finish 
	Interior finish 
	Interior finish 

	89.4 
	89.4 

	 
	 

	Welding 
	Welding 

	94.9 
	94.9 


	Manual material handling 
	Manual material handling 
	Manual material handling 

	89.4 
	89.4 

	 
	 

	“Other” tasks 
	“Other” tasks 

	95.3 
	95.3 


	Layout 
	Layout 
	Layout 

	90.5 
	90.5 

	 
	 

	 
	 

	 
	 


	CEMENT MASONS  
	CEMENT MASONS  
	CEMENT MASONS  


	Floor leveling 
	Floor leveling 
	Floor leveling 

	70.4 
	70.4 

	 
	 

	Placing concrete 
	Placing concrete 

	87.8 
	87.8 


	Break, rest, lunch, cleanup 
	Break, rest, lunch, cleanup 
	Break, rest, lunch, cleanup 

	83.3 
	83.3 

	 
	 

	Repairing concrete 
	Repairing concrete 

	88.9 
	88.9 


	Finishing concrete 
	Finishing concrete 
	Finishing concrete 

	84.4 
	84.4 

	 
	 

	Patching concrete 
	Patching concrete 

	92.6 
	92.6 


	Setting forms 
	Setting forms 
	Setting forms 

	86.5 
	86.5 

	 
	 

	“Other” tasks 
	“Other” tasks 

	93.1 
	93.1 


	Manual material handling 
	Manual material handling 
	Manual material handling 

	86.5 
	86.5 

	 
	 

	Grinding 
	Grinding 

	95.2 
	95.2 


	ELECTRICIANS  
	ELECTRICIANS  
	ELECTRICIANS  


	Operating work vehicle 
	Operating work vehicle 
	Operating work vehicle 

	79.2 
	79.2 

	 
	 

	Installing slab conduit 
	Installing slab conduit 

	91.0 
	91.0 


	Sheet metal work 
	Sheet metal work 
	Sheet metal work 

	81.6 
	81.6 

	 
	 

	Installing wall conduit 
	Installing wall conduit 

	91.1 
	91.1 


	Manual material handling 
	Manual material handling 
	Manual material handling 

	86.5 
	86.5 

	 
	 

	Installing cable tray 
	Installing cable tray 

	91.8 
	91.8 


	Panel wiring, installing fixtures 
	Panel wiring, installing fixtures 
	Panel wiring, installing fixtures 

	87.0 
	87.0 

	 
	 

	Pulling wire 
	Pulling wire 

	95.6 
	95.6 


	Table II–7. Task-Specific Average Noise Levels by Construction Trade 
	Table II–7. Task-Specific Average Noise Levels by Construction Trade 
	Table II–7. Task-Specific Average Noise Levels by Construction Trade 



	Table
	TR
	TH
	TRADE 
	(Tasks) 

	TH
	Average dBA for Each Task Event  

	TH
	 

	TH
	TRADE 
	(Tasks) 

	TH
	Average dBA for Each Task Event 


	Break, rest, lunch, cleanup 
	Break, rest, lunch, cleanup 
	Break, rest, lunch, cleanup 

	87.0 
	87.0 

	 
	 

	Installing trench conduit 
	Installing trench conduit 

	95.8 
	95.8 


	“Other” tasks 
	“Other” tasks 
	“Other” tasks 

	90.5 
	90.5 

	 
	 

	 
	 

	 
	 


	INSULATION WORKERS  
	INSULATION WORKERS  
	INSULATION WORKERS  


	Sheet metal work 
	Sheet metal work 
	Sheet metal work 

	77.8 
	77.8 

	 
	 

	“Other” tasks 
	“Other” tasks 

	83.4 
	83.4 


	Applying insulation by hand 
	Applying insulation by hand 
	Applying insulation by hand 

	83.0 
	83.0 

	 
	 

	Manual material handling 
	Manual material handling 

	84.6 
	84.6 


	Break, rest, lunch, cleanup 
	Break, rest, lunch, cleanup 
	Break, rest, lunch, cleanup 

	83.3 
	83.3 

	 
	 

	 
	 

	 
	 


	IRONWORKERS 
	IRONWORKERS 
	IRONWORKERS 


	Operating forklift 
	Operating forklift 
	Operating forklift 

	87.1 
	87.1 

	 
	 

	Manual materials handling 
	Manual materials handling 

	94.3 
	94.3 


	Setting forms 
	Setting forms 
	Setting forms 

	87.9 
	87.9 

	 
	 

	“Other” tasks 
	“Other” tasks 

	94.7 
	94.7 


	Operating work vehicle 
	Operating work vehicle 
	Operating work vehicle 

	88.5 
	88.5 

	 
	 

	Tying and placing rebar 
	Tying and placing rebar 

	95.5 
	95.5 


	Erecting iron 
	Erecting iron 
	Erecting iron 

	91.8 
	91.8 

	 
	 

	Break, rest, lunch, cleanup 
	Break, rest, lunch, cleanup 

	95.6 
	95.6 


	Grinding 
	Grinding 
	Grinding 

	91.9 
	91.9 

	 
	 

	Welding and burning 
	Welding and burning 

	98.4 
	98.4 


	Rigging 
	Rigging 
	Rigging 

	93.6 
	93.6 

	 
	 

	Laying metal deck 
	Laying metal deck 

	99.6 
	99.6 


	Bolt up 
	Bolt up 
	Bolt up 

	93.7 
	93.7 

	 
	 

	 
	 

	 
	 


	LABORERS 
	LABORERS 
	LABORERS 


	Layout 
	Layout 
	Layout 

	80.1 
	80.1 

	 
	 

	Placing concrete 
	Placing concrete 

	91.5 
	91.5 


	Manual material handling 
	Manual material handling 
	Manual material handling 

	82.7 
	82.7 

	 
	 

	Stripping forms 
	Stripping forms 

	91.7 
	91.7 


	Interior finish 
	Interior finish 
	Interior finish 

	85.2 
	85.2 

	 
	 

	Building forms 
	Building forms 

	92.1 
	92.1 


	Operating forklift 
	Operating forklift 
	Operating forklift 

	85.3 
	85.3 

	 
	 

	Break, rest, lunch, cleanup 
	Break, rest, lunch, cleanup 

	92.3 
	92.3 


	Finishing concrete 
	Finishing concrete 
	Finishing concrete 

	85.3 
	85.3 

	 
	 

	Rigging 
	Rigging 

	92.6 
	92.6 


	Grouting 
	Grouting 
	Grouting 

	86.1 
	86.1 

	 
	 

	“Other” tasks 
	“Other” tasks 

	95.4 
	95.4 


	Wood framing 
	Wood framing 
	Wood framing 

	86.5 
	86.5 

	 
	 

	Demolition 
	Demolition 

	99.3 
	99.3 


	Floor leveling 
	Floor leveling 
	Floor leveling 

	87.5 
	87.5 

	 
	 

	Chipping concrete 
	Chipping concrete 

	102.9 
	102.9 


	MASONRY TRADES 
	MASONRY TRADES 
	MASONRY TRADES 


	Bricking, blocking, tiling 
	Bricking, blocking, tiling 
	Bricking, blocking, tiling 

	90.2 
	90.2 

	 
	 

	Manual material handling 
	Manual material handling 

	88.4 
	88.4 


	Break, rest, lunch, cleanup 
	Break, rest, lunch, cleanup 
	Break, rest, lunch, cleanup 

	86.4 
	86.4 

	 
	 

	“Other” tasks 
	“Other” tasks 

	94.4 
	94.4 


	Forklift operation 
	Forklift operation 
	Forklift operation 

	88.5 
	88.5 

	 
	 

	Pointing, cleaning, caulking 
	Pointing, cleaning, caulking 

	91.6 
	91.6 


	Grinding 
	Grinding 
	Grinding 

	97.0 
	97.0 

	 
	 

	Weatherproofing 
	Weatherproofing 

	84.2 
	84.2 


	Grouting, tending, mortaring 
	Grouting, tending, mortaring 
	Grouting, tending, mortaring 

	91.4 
	91.4 

	 
	 

	Work vehicle operation 
	Work vehicle operation 

	96.3 
	96.3 


	OPERATING ENGINEERS 
	OPERATING ENGINEERS 
	OPERATING ENGINEERS 


	Break, rest, lunch, cleanup 
	Break, rest, lunch, cleanup 
	Break, rest, lunch, cleanup 

	85.7 
	85.7 

	 
	 

	Layout 
	Layout 

	89.3 
	89.3 


	Rigging 
	Rigging 
	Rigging 

	86.6  
	86.6  

	 
	 

	Grade checking 
	Grade checking 

	89.6 
	89.6 


	“Other” tasks 
	“Other” tasks 
	“Other” tasks 

	86.9 
	86.9 

	 
	 

	Welding 
	Welding 

	91.2 
	91.2 


	Source: Adapted from Seixas and Neitzel, 2004. 
	Source: Adapted from Seixas and Neitzel, 2004. 
	Source: Adapted from Seixas and Neitzel, 2004. 



	 
	I. Regulations and Standards  
	1. Brief History of Occupational Noise Standards 
	The Occupational Safety and Health Act (OSH Act) of 1970 built upon earlier attempts in the United States to regulate noise hazards associated with occupational hearing loss. In 1969, the Walsh-Healey Public Contract Act added the Occupational Noise Exposure Standard as an amendment, basing it on the American Conference of Governmental Industrial Hygienists (ACGIH) noise threshold limit value (TLV) in effect at that time. This set an 8-hour TWA of 90 dBA and a 5-dBA exchange rate for any company with a fede
	Also in 1969, the Bureau of Labor Standards promulgated an occupational construction noise standard under the Construction Safety Act, which was later adopted by OSHA in 1971. Soon after, in 1972, NIOSH published recommendations for an OSHA occupational noise standard, which included a recommended 8-hour TWA exposure limit of 85 dBA and a 5-dBA exchange rate. However, in 1973, OSHA’s Standards Advisory Committee maintained the 90-dBA 8-hour TWA with a 5-dBA exchange rate. Even though noise energy exposure d
	In 1974, OSHA published a proposed occupational noise standard, which included a requirement for employers to provide a hearing conservation program for workers exposed to an 8-hour TWA of 85 dBA or more. This provision was adopted as part of the amendments of 1981 and 1983. The 8-hour TWA for OSHA’s noise standard remained at 90 dBA with a 5-dBA exchange rate and included a requirement for a hearing conservation program for workers exposed to an 8-hour TWA of at least 85 dBA. While OSHA provided requiremen
	In 1979, the U.S. Environmental Protection Agency (EPA) developed labeling requirements for hearing protectors, which required hearing protector manufacturers to measure the ability of their products to reduce noise exposure—called the noise reduction rating (NRR). OSHA adopted the NRR but later recognized that the NRR listed on hearing protectors often did not reflect the actual level of protection, which likely was lower than indicated on the label because most workers were not provided with fit-testing, 
	2. OSHA Noise Standards  
	General Industry: 29 CFR , “Occupational Noise Exposure.” This standard is designed to protect general industry workers, such as those working in the manufacturing, utilities, and service sectors. The General Industry standard establishes permissible noise exposures, requires the use of engineering and administrative controls, and sets out the requirements of a hearing conservation program. Paragraphs (c) through (n) of the General Industry standard do 
	1910.95

	not apply to the oil and gas well-drilling and servicing operations; however, paragraphs (a) and (b) do apply.  
	The general industry noise standard contains two noise exposure limit tables. Each table serves a different purpose:  
	• Table G-16: This table applies to the engineering and administrative controls section, which provides a 90-dBA criterion for an 8-hour TWA PEL and is measured using a 90-dBA threshold (i.e., noise below 90 dBA is not integrated into the TWA). This table limits short-term noise exposure to a level not greater than 115 dBA (for up to 15 minutes). 
	• Table G-16: This table applies to the engineering and administrative controls section, which provides a 90-dBA criterion for an 8-hour TWA PEL and is measured using a 90-dBA threshold (i.e., noise below 90 dBA is not integrated into the TWA). This table limits short-term noise exposure to a level not greater than 115 dBA (for up to 15 minutes). 
	• Table G-16: This table applies to the engineering and administrative controls section, which provides a 90-dBA criterion for an 8-hour TWA PEL and is measured using a 90-dBA threshold (i.e., noise below 90 dBA is not integrated into the TWA). This table limits short-term noise exposure to a level not greater than 115 dBA (for up to 15 minutes). 

	• Table G-16A: This table, presented in Appendix A of 29 CFR , provides information (e.g., reference durations) useful for calculating TWA exposures when the workshift noise exposure is composed of two or more periods of noise at different levels. Although this table lists noise levels exceeding 115 dBA, these listings are only intended as aids in calculating TWA exposure levels; the listings for higher noise exposure levels do not imply that these noise levels are acceptable. 
	• Table G-16A: This table, presented in Appendix A of 29 CFR , provides information (e.g., reference durations) useful for calculating TWA exposures when the workshift noise exposure is composed of two or more periods of noise at different levels. Although this table lists noise levels exceeding 115 dBA, these listings are only intended as aids in calculating TWA exposure levels; the listings for higher noise exposure levels do not imply that these noise levels are acceptable. 
	1910.95



	 (Links to the Noise) on the general industry standard is also available. 
	Additional information

	Construction Industry: Noise in construction is covered under 29 CFR , “Occupational Noise Exposure,” and 29 CFR , “Hearing Protection.” Under 29 CFR , employers are required to use feasible engineering or workplace controls when workers are exposed to noise at or above permissible noise exposures, which are listed in Table D-2 []). The PEL of 90 dBA for an 8-hour TWA is measured using a 90-dBA threshold (this is the only threshold used for the construction industry noise standards). 29 CFR  requires employ
	1926.52
	1926.101
	1926.52
	1926.52(d)(1)
	1926.101

	The requirements for permissible noise exposures and controls under the Construction standard are the same as those under the general industry standard (), though other requirements differ. Continuing effective hearing conservation programs are required in all cases where the sound levels exceed the values shown in Table D-2 (). When a hearing conservation program is required, employers must incorporate as many elements listed in the Standard Interpretation titled "" (08/04/1992) into their program as feasi
	1910.95
	1926.52(d)(1)
	Effective Hearing Conservation Program Elements for Construction Industry

	Agricultural Worksites: Although there is no standard for occupational noise exposure in agriculture, the evaluation and control methods discussed in this chapter are still valid. For any potential citations, CSHOs must use the guidance in the Field Operations Manual. 
	Maritime Worksites: Marine terminals and longshoring operations fall under the requirements of the general industry noise standard; therefore, employers in such operations must meet the elements of the general industry Hearing Conservation Amendment, 29 CFR 1910.95(c) through (o). 
	J. Noise Exposure Controls—Overview  
	Noise controls should minimize or eliminate sources of noise; prevent the propagation, amplification, and reverberation of noise; and protect workers from excessive noise exposure. Ideally, the use of engineering controls should reduce noise exposure to the point where the risk to hearing is significantly reduced or eliminated. 
	Engineering and administrative controls are essential to an effective hearing loss prevention program. They are technologically feasible for most noise sources, but their economic feasibility must be determined on an individual basis. In some instances the application of a relatively simple noise-control solution reduces the hazard to the extent that the other elements of the program, such as audiometric testing and the use of hearing protection devices, are no longer necessary. In other cases, the noise re
	The first step in noise control is to identify the noise sources and their relative importance. This can be difficult in an industrial setting with many noise sources. It can be accomplished through several methods used together: obtain a frequency spectrum from an octave band analyzer, turn various components in the factory on and off or use temporary mufflers or enclosures to isolate noise sources, and probe areas close to equipment with a sound level meter to pinpoint areas where sound is dominant. These
	1. Hierarchy of Controls for Noise 
	The hierarchy of controls for noise can be summarized as: 1) prevent or contain the escape of the hazardous workplace agent at its source (engineering controls), 2) control exposure by changing work schedules to reduce the amount of time any one worker spends in the hazard area (administrative controls), and 3) control the exposure with barriers between the worker and the hazard (personal protective equipment). This hierarchy highlights the principle that the best prevention strategy is to eliminate exposur
	[Note: See CPL 02-00-150 - Field Operations Manual (FOM) for current citation policy when addressing engineering/administrative controls versus hearing conservation program.] 
	2. Noise-Control Engineering—Concepts and Options 
	The rest of this section, until the discussion of administrative controls, presents information adapted from material developed under contract for the Noise eTool by Dennis Driscoll in 2002. 
	Much industrial noise can be controlled through simple solutions. It is important, however, that all individuals administering abatement projects have a good understanding of the principles of noise control and proper use of acoustical materials. Industrial hygienists, safety professionals, facility engineers, and others can make significant progress in reducing equipment noise levels and worker noise exposures by combining their knowledge of acoustics with an understanding of the manufacturing equipment an
	Reducing excessive equipment noise can be accomplished by treating the source, the sound transmission path, the receiver, or any combination of these options. Descriptions of these control measures follow. 
	i) Source Treatment 
	The best long-term solution to noise control is to treat the root cause of the noise problem. For source treatment to be effective, however, a comprehensive noise-control survey usually needs to be conducted to clearly identify the source and determine its relative contribution to the area noise level and worker noise exposure. At least four methods exist for treating the source: modification, retrofit, substitution, and relocation. 
	Modification 
	For the most part, industrial noise is caused by mechanical impacts, high-velocity fluid flow, high-velocity air flow, vibrating surface areas of a machine, and vibrations of the product being manufactured. 
	Mechanical Impacts 
	To reduce noise caused by mechanical impacts, the modifications outlined below should be considered. For any of these options to be practical, however, they must not adversely affect production: 
	• Reduce excessive driving forces. 
	• Reduce excessive driving forces. 
	• Reduce excessive driving forces. 

	• Reduce or optimize speed. 
	• Reduce or optimize speed. 

	• Minimize distance between impacting parts. 
	• Minimize distance between impacting parts. 

	• Dynamically balance rotating equipment. 
	• Dynamically balance rotating equipment. 

	• Maintain equipment in good working order. 
	• Maintain equipment in good working order. 

	• Use vibration isolation when applicable. 
	• Use vibration isolation when applicable. 


	High-Velocity Fluid Flow 
	High-velocity fluid flow can often create excessive noise as the transported medium passes through control valves or simply passes through the piping. Frequently, noise is carried downstream by the fluid, and/or vibratory energy is transferred to the pipe wall. A comprehensive acoustical survey can isolate the actual noise source so that the appropriate noise-control measures can be identified. When deemed practical, some effective modifications for high-velocity fluid-flow noise include: 
	• Locate control valves in straight runs of pipe. 
	• Locate control valves in straight runs of pipe. 
	• Locate control valves in straight runs of pipe. 

	• Locate all L’s and T’s at least 10 pipe diameters downstream of a valve. 
	• Locate all L’s and T’s at least 10 pipe diameters downstream of a valve. 

	• Ensure that all pipe cross-section reducers and expanders are at an included angle of 15 to 20 degrees. 
	• Ensure that all pipe cross-section reducers and expanders are at an included angle of 15 to 20 degrees. 

	• Eliminate sudden changes of direction and influx of one stream into another. 
	• Eliminate sudden changes of direction and influx of one stream into another. 

	• Limit the fluid-flow velocity to a maximum of 30 feet per second for liquids. 
	• Limit the fluid-flow velocity to a maximum of 30 feet per second for liquids. 

	• Maintain laminar flow for liquids (keep the Reynolds Number less than 2,000). 
	• Maintain laminar flow for liquids (keep the Reynolds Number less than 2,000). 

	• When vibratory energy is transferred to the pipe wall, use flex connectors and/or vibration isolation for the piping system and/or acoustical insulation. 
	• When vibratory energy is transferred to the pipe wall, use flex connectors and/or vibration isolation for the piping system and/or acoustical insulation. 

	• When excessive noise in the fluid cannot be controlled by any of the options above, install an in-line silencer. 
	• When excessive noise in the fluid cannot be controlled by any of the options above, install an in-line silencer. 


	High-Velocity Air Flow (Pneumatic or Compressed Air Systems) 
	One of the most common noise sources within manufacturing equipment is pneumatic- or compressed-air-driven devices such as air valves, cylinders, and solenoid valves. High-velocity air is also a major contributor to worker noise exposure where hand-held air wands or guns are used to remove debris from work areas. Finally, compressed air nozzles are often used to eject parts from a machine or conveyor line. All these forms of pneumatic systems generate undesirable noise as the high-velocity air mixes with th
	Surface- or Panel-Radiated Noise 
	Machine casings or panels can be a source of noise when sufficient vibratory energy is transferred into the metal structure and the panel is an efficient radiator of sound. Typically, machine casings or large metal surface areas have the potential to radiate sound when at least one dimension of the panel is longer than one-quarter of the sound’s wavelength. Conducting a thorough noise-control survey will help in identifying the source of vibration and in determining the existence of any surface-radiated sou
	• Divide vibrating surface areas into smaller sections. 
	• Divide vibrating surface areas into smaller sections. 
	• Divide vibrating surface areas into smaller sections. 

	• Add stiffeners to large unsupported metal panels such as rectangular ducts or large machine casing sections. 
	• Add stiffeners to large unsupported metal panels such as rectangular ducts or large machine casing sections. 

	• Add small openings or perforations to large, solid surfaces.  
	• Add small openings or perforations to large, solid surfaces.  

	• Use expanded metal, when practical, in place of thin metal panels. 
	• Use expanded metal, when practical, in place of thin metal panels. 

	• Add vibration damping material. 
	• Add vibration damping material. 


	Retrofit Products and Applications 
	A variety of commercially available acoustical products and applications can be applied on or relatively close to noise sources to minimize noise. The Noise and Vibration Control Product Manufacturer Guide should be consulted for a partial list of the manufacturers of these products and applications. Specific retrofit materials and/or applications include the following:   
	Vibration Damping 
	Vibration damping materials are an effective retrofit for controlling resonant tones radiated by vibrating metal panels or surface areas. In addition, this application can minimize the transfer of high-frequency sound energy through a panel. The two basic damping applications are free-layer and constrained-layer damping. Free-layer damping, also known as extensional damping, consists of attaching an energy-dissipating material on one or both sides of a relatively thin metal panel. As a guide, free-layer dam
	constraining layer, forming a laminated construction. Each application can provide up to 30 dB of noise reduction. 
	It is important to note that the noise reduction capabilities of the damping application are essentially equal, regardless of which side it is applied to on a panel or structure. Also, for practical purposes, it is not necessary to cover 100% of a panel to achieve a significant noise reduction. For example, 50% coverage of a surface area will provide a noise reduction that is roughly 3 dB less than 100% coverage. In other words, assuming that 100% coverage results in 26 dB of attenuation, 50% coverage would
	Finally, just because a surface area vibrates, it is not safe to assume it is radiating significant noise. If fact, probably less than 5% of all vibrating panels produce sufficient airborne noise to be of concern in an occupational setting. For damping materials to be successful, at a minimum, the two following conditions must be satisfied (determine by a comprehensive noise-control survey): 
	1) The panel being treated must be capable of creating high noise levels in the first place. 
	2) The structure must be vibrating at one of its natural frequencies or normal modes of vibration. 
	When selecting the right type of damping material, it is recommended that the person making the decision refer to the expertise of the product manufacturer or their designated representative(s). Typically, the supplier will need to obtain specific information from the buyer, such as the temperature and size of the surface area to be treated and the substrate thickness. The supplier will then use the input data to select the most effective product for the particular application. The vendor can also provide t
	Some common applications for vibration damping include: 
	• Hopper bins and product chutes 
	• Hopper bins and product chutes 
	• Hopper bins and product chutes 

	• Resin pellet transfer lines (provided they are metal pipe) 
	• Resin pellet transfer lines (provided they are metal pipe) 

	• Thin metal machine casings or panels that radiate resonant tones 
	• Thin metal machine casings or panels that radiate resonant tones 

	• Metal panels being impacted by production parts (e.g., drop bins) 
	• Metal panels being impacted by production parts (e.g., drop bins) 

	• Metal enclosure walls 
	• Metal enclosure walls 

	• Fan and blower housings 
	• Fan and blower housings 

	• Gear box casings (constrained-layer damping required for thick substrates) 
	• Gear box casings (constrained-layer damping required for thick substrates) 


	Vibration Isolation 
	Most industrial equipment vibrates to some extent. Determining whether or not the vibrating forces are severe enough to cause a problem is accomplished through a comprehensive noise and/or vibration survey. As machines operate, they produce either harmonic forces associated with unbalanced rotating components or impulsive forces attributed to impacts such as punch presses, forging hammers, and shearing actions. Excessive noise can be one result of the 
	vibratory energy produced; however, potential damage to the equipment itself, the building, and/or the product being manufactured is more likely. Quite often, vibration problems are clearly identified by predictive-maintenance programs that exist within most industrial plants.  
	Assuming that the root cause or source cannot be effectively modified, the next option for controlling undesirable vibration is to install vibration isolation. Isolators come in the form of metal springs, elastomeric mounts, and resilient pads. These devices serve to decouple the relatively “solid” connection between the source and the recipient of the vibration. As a result, instead of the vibratory forces being transmitted to other machine components or the building, they are readily absorbed and dissipat
	When selecting the appropriate isolation device(s), the person making the decision should consider the expertise of trained professionals. It is critical to note that improper selection and installation of isolators can actually make a noise and vibration problem worse. Many manufacturers of vibration isolation equipment have useful websites for troubleshooting problems and finding solutions (see the Noise and Vibration Control Product Manufacturer Guide for a partial list of manufacturers). 
	Some common applications for vibration isolation are: 
	• Pipe hangers 
	• Pipe hangers 
	• Pipe hangers 

	• Heating, ventilation, and air conditioning (HVAC) equipment 
	• Heating, ventilation, and air conditioning (HVAC) equipment 

	• Flex connectors for piping systems 
	• Flex connectors for piping systems 

	• Rotating machinery mounts and bases for electric motors, compressors, turbines, fans, pumps, and other similar equipment 
	• Rotating machinery mounts and bases for electric motors, compressors, turbines, fans, pumps, and other similar equipment 

	• Impact equipment such as punch presses, forging hammers or hammer mills, and shearing presses 
	• Impact equipment such as punch presses, forging hammers or hammer mills, and shearing presses 

	• Enclosure isolation  
	• Enclosure isolation  


	Silencers 
	Silencers are devices inserted in the path of a flowing medium, such as a pipeline or duct, to reduce the downstream sound level. For industrial applications, the medium typically is air. There are basically four types of silencers: dissipative (absorptive), reactive (reflective), combination of dissipative and reactive, and pneumatic or compressed air devices. This section will address the absorptive and reflective type; a separate section will discuss the pneumatic or compressed air silencers. The type of
	Dissipative silencers use sound-absorbing materials to surround or encompass the primary airflow passage. These silencers’ principal method of sound attenuation is by absorption. The advantages and disadvantages of dissipative silencers include: 
	Advantages: 
	• Very good medium-frequency (500–2,000 Hz) to high-frequency (>2,000 Hz) attenuation. 
	• Very good medium-frequency (500–2,000 Hz) to high-frequency (>2,000 Hz) attenuation. 
	• Very good medium-frequency (500–2,000 Hz) to high-frequency (>2,000 Hz) attenuation. 

	• Low-to-medium pressure loss. 
	• Low-to-medium pressure loss. 

	• They are a standard design. 
	• They are a standard design. 


	Disadvantages: 
	• Poor low-frequency (<500 Hz) attenuation. 
	• Poor low-frequency (<500 Hz) attenuation. 
	• Poor low-frequency (<500 Hz) attenuation. 

	• Very sensitive to moisture and particulates in the air stream. 
	• Very sensitive to moisture and particulates in the air stream. 

	• They can be a difficult retrofit. 
	• They can be a difficult retrofit. 


	Reactive silencers use sound reflections and large impedance changes (area variations) to reduce noise in the airflow. The principal method of attenuation is through sound reflection, which cancels and interferes with the oncoming sound waves. The advantages and disadvantages of reactive silencers include: 
	Advantages: 
	• Good low-frequency attenuation. 
	• Good low-frequency attenuation. 
	• Good low-frequency attenuation. 

	• Can be designed to minimize pure tones. 
	• Can be designed to minimize pure tones. 

	• Can be used in high-temperature and corrosive environments. 
	• Can be used in high-temperature and corrosive environments. 


	Disadvantages: 
	• Usually there is a high cost when fabricated from corrosion-resistant materials. 
	• Usually there is a high cost when fabricated from corrosion-resistant materials. 
	• Usually there is a high cost when fabricated from corrosion-resistant materials. 

	• Sensitive to particulate and moisture contamination. 
	• Sensitive to particulate and moisture contamination. 

	• Relatively narrow range of attenuation. 
	• Relatively narrow range of attenuation. 

	• High-to-medium pressure loss. 
	• High-to-medium pressure loss. 

	• They can be a difficult retrofit. 
	• They can be a difficult retrofit. 

	• They can be expensive because they are typically a custom design. 
	• They can be expensive because they are typically a custom design. 


	The combination dissipative and reactive silencer is essentially a reactive silencer with sound-absorption added to provide high-frequency attenuation capabilities. The advantages and disadvantages are similar to those listed for each type. 
	To determine which type of silencer is best for a particular application, a trained professional should be consulted. The manufacturer or a designated representative will need to work closely with the facility engineering representative(s) to clearly identify all operational and physical constraints. The Noise and Vibration Control Product Manufacturer Guide contains a partial list of silencer manufacturers and their websites. 
	Typical applications for silencers include: 
	• High-pressure gas pressure regulators, air vents, and blow downs 
	• High-pressure gas pressure regulators, air vents, and blow downs 
	• High-pressure gas pressure regulators, air vents, and blow downs 

	• Internal combustion engines 
	• Internal combustion engines 

	• Reciprocating compressors 
	• Reciprocating compressors 

	• Centrifugal compressors 
	• Centrifugal compressors 

	• Rotary positive displacement blowers 
	• Rotary positive displacement blowers 

	• Rotary vacuum pumps and separators 
	• Rotary vacuum pumps and separators 

	• Industrial fans 
	• Industrial fans 


	• HVAC systems 
	• HVAC systems 
	• HVAC systems 

	• Totally enclosed, fan-cooled electric motors 
	• Totally enclosed, fan-cooled electric motors 

	• Gas turbines 
	• Gas turbines 


	Pneumatic or Compressed Air Silencers 
	In the earlier High-Velocity Air Flow section, it was mentioned that pneumatic or compressed air is a very common noise source in manufacturing plants. Assuming sufficient noise reduction cannot be achieved by optimizing the air-pressure setting, the second step for controlling this class of noise source is to use commercially available silencers. 
	For retrofitting pneumatic devices, selecting the appropriate silencer type is critical for this control measure to succeed over time. If the source is a solenoid valve, air cylinder, air motor, or some other device that simply exhausts compressed air to the atmosphere, then a simple diffuser-type silencer will suffice. The disadvantage of these types of devices is that they can cause unacceptable back pressure. Therefore, when selecting a diffuser silencer, it is important that the pressure-loss constraint
	For compressed air systems that perform a service or specific task, such as ejecting parts or blowing off debris, a number of devices are available for retrofit at the point of discharge. Another typical application for compressed air is in blow-off guns or air wands. These tools come in a variety of sizes and shapes and can generate noise levels of 90 dBA to 115 dBA, depending on the velocity of the air and the surface area they contact. It is recommended that the Noise and Vibration Control Product Manufa
	It should be noted that silencers for pneumatic or compressed air systems normally require routine inspection, maintenance, and/or replacement, as these silencers will plug up with debris, be removed by operators, or occasionally become damaged over time. If these devices are kept in good working order, however, excessive high-velocity air noise in manufacturing facilities technically should not be an issue. 
	The major problem with air guns is that, like other pneumatic or compressed air systems used to drive and motivate machinery, equipment operators will often increase the air pressure in an attempt to create more blow-off power. Earlier, in the High-Velocity Air Flow section, it was noted that the intensity of noise is proportional to the 8th power of the air velocity. Consequently, a higher pressure setting will significantly increase the noise level. In addition, when a compressed air silencer is installed
	Substitute for the Source 
	Another source treatment involves using alternative equipment or materials that are inherently quieter yet still meet the production needs. This option is called substitution for the source. Often, equipment manufacturers have alternative devices that perform the same function at 
	lower noise levels. These quieter devices typically cost more, however, as they require tighter tolerances and more precision as they are manufactured. Therefore, when applicable, it will be necessary for the user to determine if the noise reduction benefit justifies the additional cost. The supplier’s or the manufacturer’s website should be consulted to learn if quieter equipment is available and at what additional cost. Examples where alternative and quieter equipment may exist include: 
	• Gears 
	• Gears 
	• Gears 

	• Bearings 
	• Bearings 

	• Fans or blowers 
	• Fans or blowers 

	• Control valves 
	• Control valves 

	• Air compressors 
	• Air compressors 

	• Conveyors 
	• Conveyors 

	• Electric motors  
	• Electric motors  

	• Pumps 
	• Pumps 


	There might also be opportunities to replace equipment with different devices or materials. Here, the user should investigate whether alternative and quieter ways exist to accomplish the task or intended service. Where practical, examples of source substitution include: 
	• Using belt drives over gears. 
	• Using belt drives over gears. 
	• Using belt drives over gears. 

	• Using belt conveyors instead of rollers. 
	• Using belt conveyors instead of rollers. 

	• Employing mechanical parts ejectors or pickups over compressed air. 
	• Employing mechanical parts ejectors or pickups over compressed air. 

	• Substituting quiet air nozzles for open-ended pipe or air lines. 
	• Substituting quiet air nozzles for open-ended pipe or air lines. 

	• Replacing omnidirectional fans on electric motors with unidirectional aerodynamic fans. 
	• Replacing omnidirectional fans on electric motors with unidirectional aerodynamic fans. 

	• Substituting metal or steel parts with materials having high internal-damping properties, such as wood, nylon, or stiff plastic components. 
	• Substituting metal or steel parts with materials having high internal-damping properties, such as wood, nylon, or stiff plastic components. 

	• Using perforated or mesh panels in place of solid panels. 
	• Using perforated or mesh panels in place of solid panels. 


	 
	Relocation of the Source 
	Controlling noise by locating or relocating the source should be considered for the design and equipment layout of new plant areas and for reconfiguring existing production areas. A simple rule to follow is to keep machines, processes, and work areas of approximately equal noise level together, and separate particularly noisy and quiet areas by buffer zones having intermediate noise levels. In addition, a single noisy machine should not be placed in a relatively quiet, populated area. Reasonable attention t
	Here are some examples of source relocation:  
	• Rerouting all pneumatic or compressed air discharge ports from outside to the inside of machine cabinets.  
	• Rerouting all pneumatic or compressed air discharge ports from outside to the inside of machine cabinets.  
	• Rerouting all pneumatic or compressed air discharge ports from outside to the inside of machine cabinets.  

	• Using pipe extensions to relocate pneumatic exhausts away from the immediate area and into unoccupied spaces. 
	• Using pipe extensions to relocate pneumatic exhausts away from the immediate area and into unoccupied spaces. 

	• Locating blowers (e.g., dust collectors, vacuum pumps) on the building roof or in routinely unoccupied areas, and using extended ductwork to service the process or equipment of concern. 
	• Locating blowers (e.g., dust collectors, vacuum pumps) on the building roof or in routinely unoccupied areas, and using extended ductwork to service the process or equipment of concern. 

	• Conducting reclaim or material scrap grinding in routinely unoccupied areas. 
	• Conducting reclaim or material scrap grinding in routinely unoccupied areas. 


	ii) Path Treatment 
	Assuming that all available options for controlling noise at the source have been exhausted, the next step in the noise-control hierarchy is to determine ways to treat the sound transmission path. Typical path treatments include adding sound-absorption materials to the room or equipment surfaces, installing sound transmission loss materials between the source and receiver(s), using acoustical enclosures or barriers, or any combination of these treatments. A description of each treatment option follows. 
	Sound-Absorption Materials 
	Sound-absorption materials are used to reduce the buildup of sound in the reverberant field. The reverberant field exists at all locations where sound waves reflect off relatively hard surfaces, such as walls, ceilings, or inside enclosures, and then combine with the sound waves propagating directly from the noise source. The added effect produces a higher noise level than the level that would have existed in the absence of any reflecting surfaces. 
	A user must understand and apply the principles of room acoustics when adding sound-absorbing materials to the walls and ceiling to reduce the noise levels throughout the room. If a user installs sound absorption in a room without putting any science behind the decision, then the likelihood of success will be tenuous at best.  
	Using sound absorption on a room’s surfaces has both advantages and disadvantages: 
	Advantages: 
	• Provides a significant reduction in the reverberant sound buildup, especially in pre-existing hard surface spaces. 
	• Provides a significant reduction in the reverberant sound buildup, especially in pre-existing hard surface spaces. 
	• Provides a significant reduction in the reverberant sound buildup, especially in pre-existing hard surface spaces. 

	• Works best in relatively small volume rooms or spaces (<10,000 ft2). 
	• Works best in relatively small volume rooms or spaces (<10,000 ft2). 

	• Requires minimal maintenance after initial installation. 
	• Requires minimal maintenance after initial installation. 

	• Can be purchased and installed at a reasonable cost. 
	• Can be purchased and installed at a reasonable cost. 

	• Works best on middle- to high-frequency noise. 
	• Works best on middle- to high-frequency noise. 


	Disadvantages: 
	• Room treatment does nothing to address the root cause of the noise problem. 
	• Room treatment does nothing to address the root cause of the noise problem. 
	• Room treatment does nothing to address the root cause of the noise problem. 

	• Does not reduce noise resulting from direct sound propagation. 
	• Does not reduce noise resulting from direct sound propagation. 

	• The absorption can deteriorate over several years and may need periodic replacement (perhaps every 7 to 10 years). 
	• The absorption can deteriorate over several years and may need periodic replacement (perhaps every 7 to 10 years). 

	• Rarely does this form of treatment eliminate the need for hearing protection. 
	• Rarely does this form of treatment eliminate the need for hearing protection. 


	Keep in mind that adding sound absorption to decrease the reflected or reverberant noise in a room will do nothing to reduce the acoustical energy propagating by direct line of sight from the source. Therefore, it is helpful for the user to estimate what portion of a worker’s noise exposure comes from the direct sound field and what percentage results from reverberant sound. When reverberant noise is a major contributor to a worker’s daily noise exposure, then adding sound-absorbing materials may be benefic
	Sound Transmission Loss (TL) Materials 
	Sound TL materials are used to block or attenuate noise propagating through a structure, such as the walls of an enclosure or room. These materials are typically heavy and dense, with poor sound transmission properties. Common applications include barriers, enclosure panels, windows, doors, and building materials for room construction. 
	All products sold for noise control should have a TL rating that is determined by ASTM standard. It is important to note that TL rating varies with frequency. TL values generally range from 20 to 60 dB, with the higher number indicating superior attenuation properties. For TL values of common building materials, consult Table 9.12 in The Noise Manual (AIHA, 2003, or latest edition). 
	Acoustical Enclosures 
	The acoustical enclosure is probably the most common path of treatment. Quite often enclosures are used to address multiple noise sources all at once or when there are no feasible control measures for the source. However, there are a number of advantages and disadvantages associated with solid enclosures (no acoustical leaks) that must be considered by the user.   
	Advantages: 
	• Can provide 20 to 40 dB of noise reduction. 
	• Can provide 20 to 40 dB of noise reduction. 
	• Can provide 20 to 40 dB of noise reduction. 

	• Can be installed in a relatively short time frame. 
	• Can be installed in a relatively short time frame. 

	• Can be purchased and installed at a reasonable cost. 
	• Can be purchased and installed at a reasonable cost. 

	• Provides significant noise reduction across a wide range of frequencies. 
	• Provides significant noise reduction across a wide range of frequencies. 


	Disadvantages: 
	• Worker visual and physical access to equipment is restricted. 
	• Worker visual and physical access to equipment is restricted. 
	• Worker visual and physical access to equipment is restricted. 

	• Repeated disassembly and reassembly of the enclosure often results in the creation of significant sound-flanking paths via small gaps and openings along the panel joints. 
	• Repeated disassembly and reassembly of the enclosure often results in the creation of significant sound-flanking paths via small gaps and openings along the panel joints. 

	• Heat buildup inside the enclosure can be problematic. 
	• Heat buildup inside the enclosure can be problematic. 

	• Internal lighting and fire suppression may need to be incorporated into the design. 
	• Internal lighting and fire suppression may need to be incorporated into the design. 

	• The long-term potential for internal surface contamination from oil mist or other airborne particulates is high. 
	• The long-term potential for internal surface contamination from oil mist or other airborne particulates is high. 

	• The panels become damaged or the internal absorption material simply deteriorates over time. 
	• The panels become damaged or the internal absorption material simply deteriorates over time. 

	• Enclosures require periodic maintenance, such as replacement of seals and gasket material, to keep the acoustical integrity at a high attenuation value. 
	• Enclosures require periodic maintenance, such as replacement of seals and gasket material, to keep the acoustical integrity at a high attenuation value. 


	Enclosures, both off-the-shelf and custom-design, are available from a number of manufacturers listed in the Noise and Vibration Control Product Manufacturer Guide. It can also be more cost-effective to build enclosures in-house by following the Guidelines for Building Enclosures. 
	Acoustical Barriers 
	An acoustical barrier is a partial partition inserted between the noise source and receiver, which helps block or shield the receiver from the direct sound transmission path. For a partial barrier to be effective, it is critical that the receiver be in the direct field, not the reverberant field. Should the worker’s location be primarily in the reverberant field, then the benefit of the barrier will be negligible. 
	The noise reduction provided by a barrier is a direct function of its relative location to the source and receiver, its effective dimensions, and the frequency spectrum of the noise source. The practical limits of barrier attenuation will range from 15 to 20 dB. For additional details on calculating barrier insertion loss or attenuation, the user should review some of the references, particularly The Noise Manual (AIHA, 2003; or latest edition). Recommendations for acoustical barrier design and location to 
	• The barrier should be located as close as practical to either or both the source and receiver. 
	• The barrier should be located as close as practical to either or both the source and receiver. 
	• The barrier should be located as close as practical to either or both the source and receiver. 

	• The width of the barrier on either side of the noise source should be at least twice its height (the wider the better). 
	• The width of the barrier on either side of the noise source should be at least twice its height (the wider the better). 

	• The height should be as tall as practical. 
	• The height should be as tall as practical. 

	• The sound transmission loss of the panel should be at least 10 dB greater than the estimated noise reduction of the barrier. 
	• The sound transmission loss of the panel should be at least 10 dB greater than the estimated noise reduction of the barrier. 

	• The barrier should be solid and not contain any gaps or openings. 
	• The barrier should be solid and not contain any gaps or openings. 

	• The worker(s) being protected by the barrier should work primarily in the direct sound field. 
	• The worker(s) being protected by the barrier should work primarily in the direct sound field. 


	iii) Receiver Treatment 
	The final control option involves reducing noise at the receiver. When deemed practical, personnel shelters can be installed or the receiver can be relocated to a relatively quiet area. It is important to keep in mind that worker noise exposure is a function of both the magnitude of noise and duration of exposure. Therefore, receiver treatment works best in areas with high noise for those job activities that are fairly stationary or confined to a relatively small area, and where significant time is spent th
	Worker Enclosures 
	Enclosures, or personnel shelters, can provide a cost-effective means for lowering worker noise exposure instead of lowering equipment noise levels. Control booths or rooms are commercially available from a number of manufacturers, many of which are listed in the Noise and Vibration Control Product Manufacturer Guide (see Section VII—Resources). The cost for these units typically ranges from $5,000 to $35,000 depending on the size and sophistication of their design and their need for electronic controls, vi
	communicate with workers inside a control room, however, then a better design criterion would be to limit sound levels to 60 dBA or less. 
	As mentioned above, for a personnel enclosure to work well, it is critical that worker(s) spend a significant portion of their workshift in the shelter. The amount of time needed inside the enclosure will depend on the magnitude of the existing noise exposure. Appendix A: Noise Exposure Computation of the OSHA Occupational Noise Exposure standard, 29 CFR 1910.95, can be used to help determine the amount of time needed inside an enclosure to reduce noise exposures below select target levels, such as a TWA of
	Relocation 
	Finally, if it is not essential for the worker to spend significant time in the immediate vicinity of noisy equipment, then another option for reducing noise exposure would be to relocate the worker to a quieter area, when practical. Quite often, equipment operators will spend most of their time up close to the production or process equipment, when in fact, they could stand back 5 to 7 feet, where the sound level might be a few decibels less. For relocation to work, however, it is critical that the worker s
	To help identify areas or zones where lower noise levels exist, a comprehensive sound survey of the production area is recommended. It is also valuable to plot the sound level data on an equipment layout or floor plan, then add or draw contour lines of equal sound levels. This results in a noise contour map, which is often useful because it provides a simple representation of the sound field over a large area. Besides identifying regions of lower noise levels, these maps may also be used to visually educate
	3. Administrative Controls 
	Administrative controls, defined as “management involvement, training of workers, and changes in the work schedule or operations that reduce noise exposure,” may also effectively reduce noise exposure for workers. Examples include operating a noisy machine on the second or third shift when fewer people are exposed, or shifting a worker to a less noisy job once a hazardous daily noise dose has been reached. 
	Generally, administrative controls have limited use in industry because workers are rarely permitted to shift from one job to another. Be aware that if noise levels are high enough, rotation could increase the chances of hearing loss in more workers. If there is a regular noise level of 90 dB, for example, a healthy worker in the area can rotate into an area with a 50-dB noise level without a substantial increase in risk of hearing loss.  
	Another administrative control involves redesigning workers’ work schedules to reduce the amount of time that any one worker is located in the hazard area. To increase the effectiveness of this control, employers can also ensure that noise exposure is kept to a minimum in nonproduction areas frequented by workers. Select quiet areas to use as lunch rooms and work break rooms. If these areas must be near the production line, they should be acoustically treated (as describe elsewhere in this section) to minim
	Another administrative control involves creating policies that result in regularly scheduled equipment maintenance. Maintenance should be scheduled frequently enough to minimize the noise produced by equipment with parts that are loose or not lubricated. Regular maintenance should allow a piece of equipment to operate within 2 dBA of its lowest potential operating noise level. Maintenance workers can also be trained to observe and listen for noise sources in equipment. This might involve providing training 
	4. Personal Protective Equipment (Hearing Protection) 
	Hearing protection devices (HPDs) are considered the last option for controlling noise exposures. HPDs are generally used during the time it takes to implement engineering or administrative controls, or when such controls are not feasible. Unless great care is taken in establishing a hearing conservation program, workers will often receive very little benefit from HPDs. The best hearing protector, when fitted correctly, is one that is accepted by the worker and worn properly. If the worker exposure is above
	Earplugs come in a variety of sizes, shapes, and materials and can be reusable and/or disposable (Figure 10). Earplugs are designed to occlude the ear canal when worn. All hearing protectors are provided with an NRR. Although earplugs can offer protection against the harmful effects of impulse noise, and some earplugs are designed specifically to reduce this type of noise, the NRR is based on the attenuation of continuous noise and may not be an accurate indicator of the protection attainable against impuls
	Figure 10. Earplugs 
	 
	Earmuffs are another type of hearing protector (Figure 11). They come in a variety of sizes, shapes, and materials and are relatively easy to dispense, as they are one-size devices designed to fit nearly all adult users. Earmuffs are designed to cover the external ear and thus reduce the amount of sound reaching the inner ear. Care must be taken to ensure that the seal of the earmuff is not broken by safety glasses, facial hair, respirators, or other equipment, as even a very small leak in the seal can dest
	Hearing bands are a third type of HPD (Figure 11) and are similar to earplugs, but with a stiff band that connects the portions that insert into a worker’s ears. The band typically wraps around the back of the wearer’s neck, though variations are available. Hearing bands come in a variety of sizes, shapes, and materials and are popular for their convenience. Hearing bands may not provide the same noise attenuation as properly fitting earplugs, as the portions that fit into the ears are stationary and cannot
	Earplugs, earmuffs, or hearing bands alone might not provide sufficient protection from significantly high noise levels. In this case, workers should wear double hearing protection—earmuffs with earplugs. Avoid corded earplugs, as the cord would interfere with the muff seal. Additionally, hearing bands cannot be worn with earplugs or earmuffs, as the connected band would interfere with the muff seal, and there is no room to insert earplugs at the same time.  
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	HPDs are rated to indicate the extent to which they reduce worker noise exposure. New technologies are being developed to test the effectiveness of earplugs and could eventually change the way hearing protection is rated. See Appendix E for current information on NRR methods, ratings, and requirements. 



