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WORLD CLASS EDUCATION 
 

PROTECTING HEARING IN THE WORKPLACE 
The other sense that needs to be protected in the workplace is the sense of hearing. According to 
American Academy of Otolaryngology — Head and Neck Surgery (2006), “10 million Americans 
suffer irreversible noise - induced hearing loss, with 30 million exposed to dangerous noise levels 
each day. ” Noise can really hurt the human ear, and if it is loud enough, it can damage hearing. 
The damage caused by noise is called sensory - neural hearing loss, or nerve deafness. People who 
believe that they have grown accustomed to a loud noise have probably actually sustained damage 
to their hearing. There is no treatment, no surgery, and not even a hearing aid that can completely 
restore hearing that has been damaged by noise. However, the risk of this type of hearing loss can 
be reduced or prevented. 
It is also true that as we age our hearing tends to become worse. For the average person, aging does 
not cause noticeably impaired hearing before the age of sixty. People who are not exposed to 
excessive noise and are otherwise healthy may have normal hearing for many years. People who are 
exposed to noise and do not protect their hearing begin to lose their hearing at an earlier age. For 
example, a twenty - five - year - old carpenter who has been exposed to loud machine noises may 
have the same hearing as someone who is fifty years old but who has worked in a quiet job. 
Excessive exposure to noise is one of the most common health hazards encountered at a 
construction site. Thousands of construction workers are already hearing impaired as a result of 
noise exposure, and thousands more are destroying their hearing through everyday work in the 
industry. Sources of excessive noise levels on a construction site range from power hand tools to 
diesel - powered trucks and other large pieces of equipment. 
People differ in their sensitivity to noise. As a general rule, noise is probably loud enough to 
damage hearing if it requires individuals to shout to be heard over it. If the noise hurts people’s 
ears, if the noise makes their ears ring, or if they have difficulty hearing for several hours after 
exposure, hearing damage may have already occurred. 
These circumstances should be avoided in the workplace. When individuals are exposed to loud 
noise over a long period of time, symptoms of hearing loss will increase gradually. Over time the 
sounds that they hear will become distorted or muffled, and it may become more and more 
difficult for them to understand simple spoken words. Because hearing loss is often gradual, 
people may not be aware of it until it is detected with a hearing test. 
Most cases of occupational hearing loss develop gradually, and noise is only one of the possible 
reasons for this loss. Heat; harmful gases such as carbon monoxide; toxic chemicals such as arsenic, 
manganese, and mercury; and solvents such as toluene can also negatively affect hearing. However, 
as researchers writing in the Morbidity and Mortality Weekly Report (“Notifiable Disease Surveillance . 
. . ,” 1996) have said, “ there can be no effective prevention or control of disease without 
knowledge of when, where, and under what conditions cases occur. ” Efforts to prevent 
occupational noise - induced hearing loss have been hampered by a lack of surveillance data to 
systematically identify subpopulations at risk, evaluate the effectiveness of intervention strategies, 
and monitor progress in prevention. The following sections focus on what is known about devices 
to protect the ears from excessive noise in the workplace and on the testing and treatment of 
hearing loss. 
Ear Anatomy 
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The ear has three main parts; the outer, middle, and inner ear. The outer ear is the area that can 
be seen externally and that opens into the ear canal. The eardrum separates the ear canal from the 
middle ear. Small bones (ossicles) in the middle ear, called the malleus, incus, and stapes, transfer 
sound to the inner ear. The inner ear contains sensitive hair cells and the auditory nerve (the 
eighth cranial nerve), which leads to the brain. 
Any source of sound sends vibrations (sound waves) into the air. These vibrations funnel through 
the ear opening and go through the ear canal. They then strike the eardrum causing it to vibrate. 
The vibrations of the eardrum are passed to the small bones in the middle ear, which transmit 
them to the inner ear where hair cells with vibrating cilia stimulate the auditory nerve in the inner 
ear. The cilia in the inner ear vibrate at different rates in response to different sound frequencies. 
They vibrate more slowly for the low pitch of a baritone and vibrate faster for the higher pitch of a 
soprano. 
These vibrations are transformed into distinct electrical impulses that are sent via the auditory 
nerve to the medulla and then to the cortex of the brain. This neuro – anatomical pathway is what 
allows us to hear. 
When noise is too loud, it begins to kill the hair cells in the inner ear. Just as a speaker can blow 
out from an electrical circuit overload, these vibrating hair cells can be overexcited by too much 
noise. More specifically, “when forced into metabolic overdrive, the cells spin off toxic oxidation 
products that make them swell and sometimes slowly die off. Toxic noise also compromises blood 
flow to the inner ear, causing further damage. The cells that go fi rst are those that resonate to a 
higher pitch, and the resulting dropout of higher frequency sounds is what makes words seem 
garbled” (Healey, 2007, p. 58). As the exposure time to loud noise increases, more hair cells are 
destroyed. As the number of cells decreases so does the person‘s ability to hear. There is no way to 
restore these dead cells. The damage is permanent. 
Decibels 
Sound can be measured scientifically in two ways: by pitch and by loudness. Pitch is measured in 
frequency of sound vibrations per second. A low pitch, such as the pitch of a deep voice, produces 
fewer vibrations per second than the high pitch of a high voice. Intensity or loudness of sound is 
measured in decibels (dB). The scale for decibel measurements begins with the faintest sound that 
the human ear can detect, which is 0 decibels. Every 10 - decibel increase is a tenfold increase in 
loudness. A rocket launch produces 180 decibels of noise. A whisper produces about 30 dB, 
moderate rainfall 50 dB, normal conversation 60 dB, a dishwasher 70 dB, a lawnmower engine 90 
dB, a loud rock concert 115 dB, and an airplane jet engine 140 dB. Many experts agree that 
continual exposure to more than 85 decibels of noise can cause hearing damage. 
According to the National Institute on Deafness and Other Communication Disorders (2007), 
part of the federal National Institutes of Health, “hearing loss from exposure to loud noises is 
100% preventable. All individuals should understand the hazards of noise and how to practice 
good hearing health in everyday living. To protect your hearing, know which noises can cause 
damage (those at or above 85 decibels). Wear earplugs or other hearing protective devices when 
involved in a loud activity. Be alert to hazardous noise in the environment. ” 
Federal Safety Standards 
The Occupational Safety and Health Administration has set standards that protect workers from 
hazardous noise exposure. Occupational noise exposure rules for general industry are published in 
29 CFR 1910.95. This section of the Code of Federal Regulations includes Table G - 16, which 
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employers must use to determine permissible noise exposures. It displays the maximum hours per 
day during which employees may be exposed to particular sound levels. Section 1910.95(b)(1) 
states that “ when employees are subjected to sound exceeding those listed in Table G - 16, feasible 
administrative or engineering controls shall be utilized. If such controls fail to reduce sound within 
the levels of Table G - 16, personal protective equipment shall be provided and used to reduce 
sound levels within the levels of the table. ” In addition, section 1910.95(i)(3) states that employees 
“ shall be given the opportunity to select their hearing protectors from a variety of suitable hearing 
protectors provided by the employer. ” Section 1910.95(i)(4) states that the “ employer shall 
provide training in the use of all hearing protectors provided to employees. ” And section 
1910(i)(5) states that the “employer shall ensure proper initial fitting and supervise the correct use 
of all hearing protectors.” 
Protection and Products 
In order to protect the hearing of people in the workplace, employers should take simple 
preventive measures and use common sense. There are many products on the market that can 
protect the ears from damage and ensure that a hearing loss does not occur, so it is important to 
gather information in order to make the best decision and select the protection that will be most 
appropriate in each particular work environment. (In discussing examples of these products, the 
author is not endorsing any product and has no interest in these products other than to provide 
comparative information and to suggest the qualities — such as comfort and weight and technical 
specifications — that should be investigated.) 
For example, at the simplest level, expandable foam earplugs can be purchased in most hardware 
stores and drugstores. These plugs are made of a formable material designed to expand and 
conform to the shape of each person’s ear canal. They are rolled into a thin, smooth cylinder that 
is placed into the ear canal. As long as a small amount of the plug remains outside the ear canal, 
these plugs are easily placed inside the ear and just as easily removed with a gentle tug. The Texas 
American Safety Company (2008), for instance, describes E - A - R Classic earplugs as made of a 
“unique soft PVC foam [that] provides a custom fi t.” They have a cylindrical shape that “allows 
easy insertion and provides equal pressure” throughout the ear canal. The plugs are bright yellow 
for high visibility and washable and reusable. They are also moisture resistant so they will not swell 
in the ear. The cost for 200 of this type of earplug is $ 25.00. 
For people in occupational environments where noise is a potential hazard, there are types of 
earplugs that meet ANSI S3.19, a standard that requires a noise reduction rating (NRR) of at least 
25. ANSI S3.19 - 1974 is the Standard for the Measurement of Real - Ear Hearing Protector 
Attenuation and Physical Attenuation of Earmuffs. This standard establishes methodology for 
measuring Noise Reduction Ratings (NRR) for determining the effectiveness of ear protection. 
The NRR indicates the decibel level that the hearing protector will reduce ambient noise. This 
standard provides a specific test method involving human subjects for determining the NRR ANSI 
S3 19 – 1974 EPA regulations. 
E - A - R Express Pod Plugs with blue grips are earplugs that meet the NRR 25 standard and can be 
used in an environmental or occupational area where noise levels are loud and the ears need to be 
protected. These reusable earplugs provide a “fast and comfortable seal with low sound distortion.” 
They are easy to use and the grip eliminates the need for rolling the earplug to fi t into the ear 
canal (Texas American Safety Company, 2008). These earplugs cost $ 66.00 for 100. Moldex 
Rockets reusable earplugs are a similar product that comes with a pocket pack carrying case to 
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store the plugs. The bright blue color is sold uncorded and 50 cost $ 45.00. The corded earplugs 
cost $ 60.00 for 50 earplugs. 
Acoustic earmuffs, also referred to as ear defenders, offer another form of protection to safeguard 
hearing. This type of earmuff was created in Italy in 1982. They look like stereo headphones, but 
the cups that cover the ears are lined with a sound – deadening material, and noise reduction 
ratings range from 15 to 29. Acoustic earmuffs should be chosen according to their attenuation, 
suitable for the level and the spectrum of noise to which the worker is exposed. The selected 
earmuff has to reduce the noise level at the wearer’s ears to below the appropriate action level as 
determined by national regulations. 
The most suitable earmuff ensures that the level of noise at the wearer’s eardrum is between 5 to 
10 dB lower than the action noise level. An acoustic earmuff includes a pad or cup made of rigid 
material that incorporates an opening for receiving one ear of the wearer, and a resilient sealing 
annulus intended for abutment with the head of the wearer, and also resilient pressure - exerting 
means connected to the shell of a protective helmet, a head strap, or like headgear. The earmuff 
provides good acoustic damping and a high degree of comfort, owing to the fact that the resilient 
pressure - exerting means is configured to produce a low pressing force substantially independently 
of head sizes, which vary within given limits. The pressure - exerting means includes, to this end, a 
spring element in the form of a combined torsion and bending spring. 
These earmuffs may be clipped onto the sides of a hard hat so that workers can use them on 
construction sites. Some manufacturers have combined acoustic earmuffs with headphones, 
allowing the wearer to listen to music. Other manufacturers have added a communication source, 
so that the wearer can hear work instructions even though external noise is reduced. 
The Elvex Corporation, for example, offers earmuffs that reduce the noise level by 25 to 29 
decibels and have either plastic or stainless steel headbands. Elvex (2008) describes its SuperSonic 
29 earmuff as having the “highest attenuation,” the “ lowest weight in its class, ” the “ lowest 
headband force, ” “ fully dielectric construction, ” and the “ softest ear cushions. ” Its UltraSonic 
high - performance earmuff also has an NRR of 29 dB and “has been designed to provide excellent 
full spectrum attenuation, as well as superb low frequency attenuation.” The headband is designed 
for “even distribution of the pressure ” and the “ improved balance required for extra deep ear 
cups. ” Elvex Corporation also makes a hearing protection device combined with a nylon mesh 
shield for facial and eye protection. The Brush Guard hearing and face protector is designed with 
operators of power equipment such as edgers and mowers in mind and protects against both noise 
and fl ying debris. For more risky work environments, as found on some assembly and production 
lines, high - performance earmuffs with impact- and heat - resistant face shields, such as the Elvex 
Cool Guard, may be a better alternative. 
In determining the best product to use, employers need to consider that earplugs and earmuffs 
have both advantages and disadvantages. Earplugs may be mass produced or individually molded 
to fi t the ear, and they may be reusable or disposable. 
They are simple to use and compared to earmuffs are less expensive and also more comfortable to 
wear in hot or damp work areas. On the negative side, earplugs offer less protection than some 
earmuffs do and should not be used in areas having noise levels exceeding 105 dB. Earplugs are 
not as visible as earmuffs, and a supervisor cannot readily check to see if workers are wearing them. 
They must be inserted properly to provide adequate protection. Earmuffs can vary with respect to 
the material and tightness of the headband. The headband must fi t tightly enough to maintain a 
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proper seal around the ears but not be too tight for comfort. On a positive note, properly fitted 
earmuffs can usually provide greater protection than earplugs. They are easier to fit and are 
generally more durable than earplugs. Also, earmuffs have replaceable parts. 
On the negative side, earmuffs are more expensive and are sometimes less comfortable than 
earplugs, especially in warm working areas. 
In areas of extremely high noise levels, earplugs and earmuffs can be worn together to give better 
protection. Hearing protectors will lower the noise level, but cannot totally eliminate it. Some 
hearing protectors will reduce certain frequencies more than others, and this may be an important 
factor in some settings. Other protectors can make noise quieter without any other change in 
quality of the sound. There are also noise - activated hearing protectors that allow sounds having a 
safe volume to pass through the ear and become active only when the noise reaches hazardous 
levels. 
Specialized protectors are worn by some musicians. Both professional and amateur musicians are 
at high risk for hearing impairments due to their continuous exposure to loud musical sounds. 
According to the University of Wisconsin Audiology Clinic (2003), “at classical musical concerts, 
in the audience, sounds have been recorded in excess of 120 dB. That is about as loud as an 
airplane during takeoff. The sources for sounds that are damaging to the ears come from amplifiers 
for rock musicians, and their own instrument or the instruments behind them for classical 
musicians. ” 
It makes sense that any musician would wear earplugs to provide at least a minimum amount of 
protection. There are musicians’ earplugs available that dampen the volume of the sound while 
protecting the acoustic accuracy of the sound. The accuracy, or integrity, is very important to any 
musician. These earplugs are custom molded to fit the individual’s ear. They have filters in them to 
dampen the sound a certain amount. Filters for Chicago Symphony musicians, for example, are 
made by a Chicago - based company called Etymotic Research. According to Etymotic Research 
(2008), these earplugs can attenuate sound to 9, 15, or 25 dB and have “high fidelity custom 
hearing protection.” The sound “is clear and natural, not muffled,” and “noise fatigue is reduced. 
” Moreover, “Musicians Earplugs are designed to replicate the natural response of the open ear. 
Sound heard with these earplugs has the same quality as the original, only quieter. The result is 
that speech and music are clear — you still hear the blend clearly, feel the bass, and distinguish 
each tone. Accurate sound reduction is achieved by combining a patented filter with specific 
acoustics of a custom ear mold. 
The combination of the two produces a resonance at approximately 2700 Hz (as in the normal ear) 
resulting in a smooth, flat attenuation. ” The average cost for a pair of Musicians Earplugs ranges 
from $ 150 to $ 200. 
People in professional sports may also need hearing protection because of noisy environments. 
Etymotic Research (2008), for example, offers a sports earplug in which “the plug and filter are 
flush with the ear to protect it from impact damage while playing. 
The plug’s purpose is to allow the player to hear the calls on the field while protecting the ear from 
the high volume of stadium noise that usually accompanies these games.” Professional sports car 
drivers are also exposed to loud noises. Wind noise and engine noise can exceed 115 dB, a level at 
which damage can occur after only fifteen minutes of exposure. Preventive and safety measures 
similar to those used in industrial workplaces need to be applied in professional sports. 
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Law enforcement officers, members of the military, and transportation workers also have special 
needs for protecting their hearing. Law enforcement officers who must practice shooting their 
guns periodically are exposed to loud noises during this process. People in various branches of the 
military can be exposed to loud noise from large guns and artillery, aircraft and boat engines, and 
armored personnel carriers. 
People who work on aircraft carriers directing flight traffic are exposed to constant loud noises 
from the engines of jet fighters. People such as baggage handlers and flight control workers for 
commercial flight carriers, who can be on the runways for most of their working day, are also 
exposed to the loud noises of plane engines during takeoffs and landings. Exposure to these 
dangerous sound environments not only has the potential to damage hearing, but can also induce 
fatigue and create the opportunities for errors due to miscommunication. 
Arizona Ear Protection is one company that offers hearing protection for these needs. Its 
electronic hearing protection system known as Sound Scope “is designed to enhance softer sounds 
while instantaneously capturing sharp impulse sounds, such as shotgun and rifle blasts ” (Arizona 
Ear Protection, 2007). Another business, the Peltor Company, makes military hearing protection 
and communication systems. Peltor’s ComTac and Swat Tac headsets can be used with two - way 
radios and incorporate “innovative surround technology.” Not only do they “protect against 
hearing loss with a passive attenuation of 20 dB, [but] the outer cup microphones combined with 
the electronics inside the headset will instantaneously suppress dangerous gunshots and also 
amplify in stereo ambient surrounding voices ” (Enviro Safety Products, 2008). 
One final key point is that the user of ear protection devices must be comfortable wearing them. 
The subjective aspects of hearing protection are important to keep in mind. After all, “the only 
useful kind of protection is the protection that is actually worn. Some people do not accept 
particular kinds of protectors; every human being is different, and the anatomy of the ear and ear 
canal can vary significantly from person to person ” (Canadian Centre for Occupational Health & 
Safety, 2007). It is a good idea for an employer to provide many different types of hearing 
protection devices to workers so that they can choose from among them. It is also important to 
keep in mind all safety, hygiene, and governmental regulations before providing a specific type of 
hearing protection to any worker. In any hazardous or risky environment, any ear protection must 
be used all the time to get the full and maximum benefits. 
Tests and Treatments 
Most companies who value their workers have many ways to test and to monitor their employees 
in order to detect a hearing loss. There are then ways that an employee can be further protected if 
a hearing loss is detected. The diagnosis of an occupational hearing loss begins with a medical 
history and a physical examination. A doctor or an audiologist can use the whispered speech test, 
which is a screening hearing test where words are whispered from behind a person in order to 
detect what he or she can hear. 
Tuning forks can be used to detect hearing loss at different frequencies. Pure tone audiometers are 
used to check how well a person hears sounds of different volumes and frequencies. This test is 
done by having the subject press a button each time he or she hears, through a set of headphones, 
a sound produced by the audiometer. An oto-acoustic emissions test measures how well the hair 
cells are working. A standard hearing test and an X - ray of the head or a cranial CT scan can 
detect any underlying problems. Hearing loss can occur from vascular problems or tumors so these 
tests will help to rule out those causes. 
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Other forms of hearing tests include audiometry and tympanometry. Audiometry is the term used 
to describe formal measurement of hearing. The measurement is usually performed by an 
audiologist using an audiometer (as described in the previous paragraph). An audiologist is a 
health care professional specializing in the evaluation and rehabilitation of people with hearing 
losses. Audiologists have either a master’s or a doctoral degree in audiology and have studied 
anatomy and physiology of the ear, psychoacoustics, and behavioral and electrophysiological 
testing and who can perform hearing aid training, lip reading, auditory training, and other 
rehabilitation technique training. 
Tympanometry is a measure of the stiffness of the eardrum (or tympanic membrane) and it 
evaluates the functioning of the middle ear. This test is done by placing a soft probe into the ear 
canal and applying a small amount of pressure. The instrument then measures the movement of 
the tympanic membrane in response to the pressure changes. This test can be helpful in 
determining if there is fluid in the middle ear or negative middle ear pressure, if there are 
problems with the ear ossicles, if the eardrum is perforated, or if there is otosclerosis. Otosclerosis 
is a disease of ear bone degeneration that develops during the teen or early adult years. The 
consistency of the sound - conducting bones of the ears changes from hard mineralized bone to 
spongy tissue. 
This degeneration can cause a buildup of excess bone tissue around the stapes so that the stapes 
does not vibrate. 
Treatment for temporary or reversible hearing loss depends on the cause of the hearing loss. 
Hearing loss caused by ototoxic medicines such as aspirin or ibuprofen usually improves after the 
medication is discontinued. Ear infections usually improve after a doctor prescribes medications or 
antibiotics. Head or ear injuries have the potential to improve without significant long - term 
effects, depending on the severity of the injury. 
Treatments for occupational hearing loss include aural rehabilitation. This process teaches an 
individual how to work and cope with a hearing loss. Protective equipment, as previously 
described, can be used. The workplace can be redesigned to minimize or reduce further hearing 
loss. According to WebMD (2007), “permanent hearing losses contribute to loneliness, depression, 
and loss of independence. Treatment cannot bring back your hearing, but it can make 
communication, social interaction, and work and daily activities easier and more enjoyable.” For 
serious hearing losses or permanent hearing losses, hearing aids can be fitted to one or both ears to 
help sounds sound better. 
These days, a hearing aid is a small electronic device that may be worn in or behind one or both 
ears. It has three parts: a microphone, an amplifier, and a speaker. The hearing aid receives sound 
through a microphone that converts the sound waves to electrical signals and sends them to an 
amplifier. The amplifier increases the power of the signals and then sends them to the ear through 
a speaker. It makes some sounds louder so that a person with a hearing loss can listen, 
communicate, and participate more fully in daily activities. A hearing aid can help people in both 
quiet and noisy situations. 
Only one out of five people who would benefit from a hearing aid actually use one. These devices 
should be fitted by a doctor, an audiologist, or a hearing professional. 
Education 
Any type of hearing protection must come with product information and user information, and 
these manufacturer’s instructions must always be followed. The hearing protection should 
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regularly be inspected for wear and tear. Ear cushions that are no longer pliable should be 
replaced. Units should be replaced when headbands are stretched so that they do not keep the ear 
cushions snugly against the head. Earmuffs must be disassembled to be cleaned. The cushions 
should be washed with a mild liquid detergent in warm water and rinsed in clear, warm water. The 
sound system in any earmuff should never get wet because that can cause an electrical malfunction. 
A soft brush should be used to remove oil and dirt that has hardened in the ear cushions. 
Companies must have proper educational seminars to protect their workers and educate them on 
safety issues. OSHA has many policies and organizations that govern the education and training of 
the public when it comes to occupational and safety issues. 
The OSHA Directorate of Training and Education develops, directs, oversees, manages, and 
ensures implementation of OSHA ’ s national training and education policies and procedures. 
The OSHA Training Institute provides training and education in occupational safety and health 
for federal and state compliance officers, state consultants, other federal agency personnel, and the 
private sector. OSHA Training Institute 
Education Centers offer the most frequently requested OSHA Training Institute courses for the 
private sector and other federal agency personnel at locations throughout the United States. 
Under the OSHA Outreach Training Program, individuals who complete a one - week OSHA 
training course are authorized to teach a ten - hour or thirty – hour course in construction or 
general industry safety and health standards. Under the Disaster Site Worker Outreach Training 
Program, individuals who complete a four – day OSHA training course are authorized to teach a 
sixteen - hour course in safety and health to workers who provide skilled support or site cleanup 
services. The OSHA Resource Center offers occupational safety and health training videos for loan 
to OSHA employees, grantees, consultation programs, state - plan states, and Voluntary Protection 
Program sites and to federal agency occupational safety and health trainers and OSHA outreach 
trainers. The Susan Harwood Training Grant Program awards grants to nonprofit organizations to 
develop training and educational programs, reaches out to appropriate workers and employers, 
and provides these programs to workers and employers. 


