
CHAPTER 27 J 

Hearing Disorders 

I" the Uo;«d Stales, IO milHoo people sulfo 
from irreversible noise-induced hearing loss, and 
30 million more are exposed to dangerous levels 
of noise each day. Work-related hearing loss has 
been one of the most common occupational health 
conditions in the United States for more than 25 
years. 1 Hearing loss can be a seriously disabling 
condition due to the integral role of hearing in 
human communication. People often avoid situ­
ations in which communication is difficult rather 
than struggle through. This tendency leads to iso­
lation, difficulties at work, and can have adverse 
psychological consequences. The following sce­
narios illustrate difficulties associated with hearing 
loss: 

• Going to restaurants, parties, or other gatherings 
becomes a chore, as background noise or music 
make conversation difficult, if not impossible. 

• Watching television requires the volume to be set 
very loud, making it impossible for the rest of the 
family to join in. 

• Working in a noisy job and wearing traditional 
hearing protectors may further "deafen" work­
ers, making communication more difficult and in­
creasing the risk of workplace injuries due to an 
inability to hear environmental sounds and warn­
ing signals. 

• Dealing with tinnitus becomes an unexpected 
consequence for some, who understood that their 
hearing could one day worsen, but expected si­
lence, not an ever-present ringing. 

Thais Catalani Morata 

Greater attention and improved control strate­
gies are needed for the prevention of these hearing 
disorders. 

THE IMPACT OF HEARING 
DISORDERS 

The impact of hearing disorders may range from 
slight to serious and debilitating consequences. At 
work. a hearing loss can increase the difficulties 
associated with the use of hearing protectors, inter­
fering with communication and detection of warn­
ing signals. It is estimated that those with a severe 
hearing loss who are working are expected to earn 
only 50 to 70 percent of their non-hearing-impaired 
peers.2 

Hearing loss can have a severe impact on social 
interaction and family life. Hearing disabilities may 
have a negative effect on self-image, causing a per­
ception of oneself as abnormal, prematurely old, 
or as a burden, because of the need to keep ask­
ing people to repeat themselves. Several barriers to 
seeking help and using hearing aids exist including 
cost, denial, the stigma attached to deafness, and 
pride. People with hearing difficulty will often try 
to minimize or conceal its seriousness in order to 
cope with the risk of being marginalized and may 
avoid seeking help. 

A survey of 2,300 hearing-impaired adults con­
ducted by the National Council on Aging found 
that those with untreated hearing loss were more 
likely to report conditions like depression and anx­
iety and were less likely to participate in social 
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act1v111es compared to those who wear hearing 
aids.3 Unfortunately, less than 20 percent of the 
estimated 28 million Americans who could ben­
efit from hearing devices own them, and less than 
20 percent of physicians include hearing testing in 
regular physician examinations.4 

Noise-Induced Hearing Loss 

At work, millions of people are exposed to ex­
cessive and potentially harmful levels of noise. 
Unfortunately, exposures to excessive levels of 
noise are not restricted to the work environment. 
Noise from recreational activities. such as music 
concerts, motor sports, traffic. and airports, often 
reaches levels that can constitute a health risk. Noise 
exposure from such activities may be associated 
with hypertension and ischemic heart disease, an­
noyance, sleep disturbance, and decreased school 
performance-the most studied health outcomes 
concerning environmental noise exposure. Hearing 
loss is the outcome most studied from occupational 
exposures. but it can also be caused by environmen­
tal sources. 

Noise-induced hearing loss (NIHL) is a specific 
condition with established symptoms and objective 
findines . The Bureau of Labor Statistics identified it 
as a le~ading work-related condition. ' The reported 
prevalence of work-related hearing loss varies con­
siderably among occupational groups. With IO or 
more years of noise exposure, it is estimated that 
8 percent of the workers exposed to 85 dBA," 22 per­
cent of the workers exposed to 90 dBA, 38 percent 
of the workers exposed to 95 dBA, and 44 percent 
of those exposed to I 00 dBA will develop hearing 
impairment. 5 NJHL loss is estimated to be among 
the most common causes of acquired hearing loss. 
The National Institutes of Health estimates that ap­
proximately one-third of all hearing losses can be 
attributed, at least in part, to noise exposure.6 

Because noise is present in most occupational 
settings, the hearing disorders observed among 
workers are often attributed to noise exposure alone 
without considering the effects of other agents. The 

• The human ear does not respond equally to all sound 
frequencies. It is much more sensitive to sounds in the 
frequency range of 1 kHz to 4 kHz (1,000 to _4,000 
vibrations per second) than to very low or high 
frequency sounds. For this reason, sound meters are . 
usually fitted with a filter whose response to frequency 1s 
similar to that of the human ear. When the 
• A-weighting filter• is used, the second pressure level is 
given in units of dBA or dB(A). Sound pressure level on 
the dBA scale, which is logarithmic, is widely used. 

SECTION IV ,• Adverse Health Effects 

terms occupational hearing loss and work-related 
hearing loss came to be used as synonyms for noise­
induced hearing loss. It is now clear that this is 
not always correct, as chemical agents have also 
been implicated in hearing loss. In several settings, 
noise coexists with other factors that are potentially 
dangerous for hearing, so caution should be taken 
before identifying a hearing loss as noise-induced. 
Moreover, when one considers the possibility that 
other environmental and occupational factors can 
affect hearing, current hearing-loss prevention ini­
tiatives need to be reexamined. These issues will be 
dealt with later on this chapter. Next, characteristics 
of NIHL and hearing losses from chemicals will be 
considered. 

The following features characterize cases of 
NIHL: 

I . Irreversible sensorineural hearing loss, with 
damage mainly to the cells in the peripheral audi­
tory organ, which are responsible for transform­
ing the sound waves into neural signals. 

2. A history of long-term exposure to noise 
levels-exposure to continuous noise levels gre­
ater than 85 dBA for 8 hours a day or exposure 
to impact noise (a noise that arises as the result 
of the impact between two objects), even if for 
shorter periods, sufficient to cause the degree 
and pattern of hearing loss (HL) found in au­
diograms. Audiograms indicate an individual's 
hearing detection thresholds. Results are given 
in decibels, which indicate the intensity or loud· 
ness a sound has to be for the listener to be able to 
detect it. Thresholds below 25 dB HL are consid­
ered as normal. Several frequencies are tested. 
Frequency determines the pitch of a. sound 
(see Box 27-1 ), NIHL usually is not a profound 
hearing loss but may reach up to 75 dB HL in 
the higher frequencies, such as 4 and 6 kHz, and 
up to 40 dB HL in the lower frequencies , such 

as I and 2 kHz. 
3. Hearing loss develops gradually over a period 

of years, most rapidly during the first 6 to 
IO years of exposure. The rate of loss decreases 
as hearing thresholds increase, in contrast to age­
related loss. 

4. NIHL usually starts at the high frequencies 
(high-pitched sounds) of the audiogram (the 
usual order is 6. 4, 8, 3, 2 or 4, 6. 8, 3, 2 kHz) 
and is bilaterally symmetric. 

5. Speech discrimination scores are consistent with 
the high-frequency losses. 
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FIGURE 27-1 • Schematic drawing of the ear. 

6. NIHL does not continue to progress if the patient 
is removed from noise exposure. 

Hearing loss resulting from hazardous long­
term exposure to noise progresses in a fairly 
well-established, recognizable pattern. The noise­
induced hearing loss at the frequencies maximally 
affected (4 and 6 kHz) indicates a rapid increase 
over the first IO years of exposure; the development 
of the hearing loss then slows and tends to plateau. 
Hearing loss at frequencies below those maximally 
affected show hearing loss developing at a slower 
rate but continuously throughout the entire expo­
sure period. 

NIHL has a gradual onset. The affected individ­
ual might be unaware of any change. Permanent 
losses may be preceded by temporary ones. Re­
medial behaviors, such as turning up the radio or 
television volume or blaming others for not speak­
ing clearly, may further conceal initial difficulties. 
The affected person may be unaware of any hearing 
problem even when the audiogram indicates abnor­
mal hearing. 

Traditionally, the mechanism underlying NIHL 
has been explained as physical trauma causing dam­
age to the cochlea, which contains hair cells respon­
sible for transforming the sound waves into neural 
signals that are transmitted to the auditory nerve and 
ultimately to the brain (Fig. 27-1 ). Hair cells are at­
tached to the basilar membrane, and the stereocilia 
are in contact with the tectorial membrane. Sound 
waves lead the basilar membrane to vibrate up and 
down. The vibration creates a shearing force be­
tween the basilar membrane and the tectorial mem­
brane, causing the hair-cell stereocilia to bend back 
and forth . This leads to internal changes within the 

hair cells that create electrical signals. Auditory 
nerve fibers rest below the hair cells and pass these 
signals on to the brain. Therefore, hair cells respond 
to sounds by bending of the stereocilia. 7.s 

The most common morphological finding in 
noise-induced hearing loss is degeneration of the 
hair cells (mainly the outer ones), which are thought 
to be the most vulnerable structures of the organ of 
Corti . The damage of inner and especially outer hair 
cells is described as a disarrangement of hairs, fu­
sion of stereocilia, the formation of giant hairs that 
exceed the normal stereocilia in length and thick­
ness, and deformation of cuticular plates. The loss 
of the outer hair cells induces retrograde degener­
ation of the efferent fibers but has little effect on 
the afferent cochlear neurons. Therefore. if there 
were damage to the outer hair cells alone, the le­
sion would be less obvious, as only rather extensive 
damage to the inner hair cells causes substantial de­
generation of the afferent nerve fibers. 

Recently, metabolic processes involving oxida­
tive stress have been shown to contribute to noise­
induced hearing loss. The generation of reactive 
oxygen species (ROS), or free radicals, has been 
associated with cellular injury in different organ 
systems. Free radicals produce cell damage by 
binding to macromolecules and producing lipid 
peroxidation-a basic mechanism of toxicity that 
is thought to be part of the mechanism of acquired 
hearing loss. 

Hearing Loss from Other Factors 

The incidence and degree of hearing loss varies 
greatly among groups. The cause of this variability 
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BOX 27-1 
Case of Noise-Induced Hearing Loss (NIHL) 
and Tinnitus 

Peter M. Rabinowitz 

A 55-year-old dockworker with tinnitus is evaluated. 
His job involves working in the hold of freighters, 
loading and unloading cargo, including steel girders 
and rods and crates of frozen produce. From a cab, he 
also operates a loading crane several hours a day. He 
reports exposure to frequent impact noise from metal 
striking metal. He notes that when he operates the 
crane, he has to shout to be able to communicate to a 
co-worker nearby. He does not wear hearing 
protection, saying that he needs to hear sounds, such 
as that of the overhead crane when he is loading and 
shouted communication when he is operating the 
crane. For 1 or 2 hours a day, he operates a forklift in 
a refrigerated warehouse, where noise from the 
refrigerating units are so loud that he must shout to 
communicate with a co-worker at arm's length. He 
does not wear hearing protection when he drives the 
forklift because of the need to hear warning signals 
and communication from co-workers. 

He reports that he first noticed tinnitus 15 years 
ago, when after noisy work shifts his ears rang for 
several hours. Gradually, it became more frequent; it 
now interferes with his hearing when there is 
background noise. He reports that many times his 
hearing decreased after a work shift, then improved 
the following day; he noticed that when he turned on 
his car radio in the morning, it seemed excessively 
loud because he had turned up the volume the night 
before. 

Recently, he has argued with his wife about the 
television volume. When she turns it down to a level 
that she prefers, he has difficulty hearing what people 
are saying, so he turns it up. He also notices that 
talking on the phone is difficult for him if there is 
background noise, and that having a conversation in 
a bar is also increasingly difficult. He admits that his 
friends have kidded him about being "in need of a 
hearing aid" and that the thought of having a 
hearing Joss has led to some feelings of depression. 
On physical exam, his blood pressure is 140/88 and 
he has normal external auditory canals and tympanic 
membranes. His audiogram is illustrated in Fig. 27-2. 

This case illustrates many of the clinical aspects 
of noise-induced hearing loss. The worker 
reports exposure to occupational noise at or 
above 85 dBA as indicated by the "shout test." 
In addition to sources of steady-state noise. 
such as refrigerator fans and crane motors, he 

SECTION IV • .. Adverse Health Effects 

is also exposed to impact noise, such as crashes 
of metal on metal. Additionally, he gives a 
history of recurrent TTSs after work shifts, with 
loss of hearing acuity and tinnitus that would 
improve overnight. Over the years, however, 
such temporary changes have progressed to 
permanent hearing loss and tinnitus. 

Although the symmetric nature of the 
hearing loss and the "notch" at high 
frequencies on his audiograms all point to the 
diagnosis of noise~induced hearing loss, he 
should be referred for a full audiological 
evaluation for other audiological disorders, such 
as otosclerosis. He may also be a candidate for a 
trial of amplification and for tinnitus treatment. 

He needs to protect his hearing if he wishes 
to remain in a noisy area. Although noise 
reduction through engineering controls would 
be the ideal way to reduce his exposure, 
adequate noise reduction may be difficult given 
the nature of his work. Therefore, hearing 
protection may be necessary. Standard earplugs 
that preferentially attenuate at higher 
frequencies may worsen his problem of 
discriminating speech. Therefore, a 
"flat-attenuation" earplug may be more 
appropriate for him, given his preexisting 
high-frequency loss. 

Another occupational issue facing this man 
is whether he can safely operate a forklift with 
his degree of hearing loss. His hearing, with 
and without amplification, can be compared to 
company policies regarding mobile-equipment 
operators, if such exist, and to the U.S. 
Department of Transportation guidelines. A 
workplace accommodation would be for him to 
have a radio-communication headset that could 
also provide earmuff hearing protection, in 
order to allow him both to protect his hearing 
and to communicate with others while 
operating the crane. 

Finally, his hearing level according to 
American Academy of Otolaryngology-Head 
and Neck Surgery (AAO-HNS) criteria indicates 
that he has a degree of hearing impairment, 
which, more likely than not, is due to his 
occupational noise exposure-although his 
audiogram also suggests an element of aging. 
His history of not wearing hearing protection is 
not a reason to deny him workers' 
compensation for his hearing loss. 
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FIGURE 27-2 • Audiogram of a 55-year-old 
dockworker, illustrative of noise-induced hearing loss. 

is poorly understood but is believed to be multi­
factorial. Some of the factors are endogenous, in­
dividual attributes that affect susceptibility. Factors 
include age, gender, race , blood pressure, and use 
of certain medications. It is important to gather in­
formation on these factors . 

The effects of noise and age are challenging to 
differentiate but seem to be additive. Hearing may 
decline with aging, but the healthy individual who 
has not been exposed to ototraumatic agents may 
have normal hearing beyond the age of 65. The me­
dian hearing level across the frequencies of I , 2, 
3, and 4 kHz for 60-year-olds not exposed to noise 
is 17 dB HL for males and 12 dBHL for females. 9 

Gender and race seem also to be associated with the 
susceptibility to hearing loss. Studies conducted of 
groups with similar jobs and exposures have shown 
that white males as a group have the highest rates of 
noise-induced hearing loss and African-American 
females the lowest. 

External factors, such as loudness of noise and 
duration of exposure, also affect the outcome. Cer­
tain nonacoustic factors in the workplace, which 
may directly affect hearing or interact with noise. 
are considered possible contributors to variability 
in individual susceptibility to noise-induced hear­
ing loss. JO. 11 For example, workers with vibration­
induced white finger (VWF) syndrome have a 
higher rate of hearing loss than workers exposed 
to similar noise levels but not vibration. 12 It is not 
known if whole-body vibration enhances risk for 
hearing loss. 

Hearing Loss from 
Chemical Exposures 
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Sensorineural hearing loss is increased in noise­
exposed workers who are also exposed to organic 
solvents, due to the effects of solvents on the 
cochlea or brain. Toluene adversely affects the au­
ditory system of experimental animals, even in the 
absence of excessive noise. 13 Exposure to solvents 
was implicated as a causative factor for hearing 
loss in a 20-year longitudinal study in a company 
where 23 percent of workers in the chemical divi­
sion had compensable hearing loss compared to 5 
to 8 percent of company workers not exposed to 
chemicals-an effect found despite the lower noise 
levels in the chemical division (80 to 90 dBA com­
pared to 95 to 100 dBA elsewhere). 14 

At least four classes of industrial chemicals­
metals, solvents, pesticides, and asphyxiants (such 
as carbon monoxide)--are ototoxic (Table 27-1 ). 
If workers are exposed to these chemicals at suf­
ficiently high concentrations, their hearing may be 
impaired, even in the absence of exposure to loud 
noise . Work activities that involve exposure to these 
agents, often in combination with noise, include 
manufacturing of metal , leather, and petroleum 
products; painting; printing; woodworking: con­
struction; furniture-making; fueling vehicles and 
aircraft; degreasing; and firefighting . Hearing Joss 
may also occur after ingestion of fish or water con­
taminated with these substances. 

Hearing loss is more common in workplaces 
where chemical exposures occur. Hearing loss from 
ototoxicity is often moderate to severe. The high­
frequency "notch" on the audiogram is often present 
after long-term exposure to ototoxic chemicals, 

Priority Ototoxic Chemicals 

• Solvents: toluene, styrene, xylene, n-hexane, 
ethyl benzene, white spirits/Stoddard solvents, carbon 
disulfide, fuels, and perchloroethylene 

• Asphyxiants: carbon monoxide and hydrogen cyanide 
• Metals: lead and mercury 
• Pesticides and herbicides: Paraquat and 

organophosphates 

Source: Morata TC. Chemical exposure as a risk factor for hearing loss. J 
Occup Environ Med 2003;45:67H2. 
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BOX 27-2 
Case of Hearing Loss After Noise 
and Chemical Exposures 

Peter M. Rabinowitz 

A 41-year-old man comes to the occupational 
medicine clinic for his annual physical examination. 
He works in a company that makes specialized paints. 
His job in the paint mixing rooms is to open and mix 
the contents of large barrels of solvents, including 
xylene, toluene, and methyl ethyl ketone, in a 
specified manner with intermittent use of a loud 
mixing machine. He does not wear hearing protection 
because the results of an 8-hour dosimetry study 
during the previous year indicated that the 8-hour 
TWA of noise exposure was 84 dBA. The ventilation in 
the mixing room has not always been optimal, 
causing a usually strong solvent smell. He also 
notices that he often spills small amounts of solvents 
on his hands and arms that he wipes off with a rag. 
He has noticed that his hearing has been getting 
worse, and he is concerned about going deaf. He has 
no major medical problems and no family history of 
significant hearing loss. 

His physical examination is normal, except for 
some defatting of his fingertips and apparent hearing 
difficulty. His audiogram shows a significant hearing 
loss at high frequencies bilaterally (Fig. 27-3). 
Compared to his baseline audiogram with the 
company, he has lost more than 10 dB (as an average 
over 2, 3, and 4 kHz), and also has an absolute loss 
greater than 25 dB at those frequencies. (Therefore, 
his loss is potentially recordable under OSHA 
record-keeping standards if it is thought to be due to 

although a wider range of frequencies may be af­
fected ; abnormal thresholds may even occur at 2 
and 8 kHz.15.16 

Ototoxicity of chemicals had been overlooked 
for a Jong time because (a) workers exposed to oto­
toxic chemicals are often also exposed to loud noise, 
and (b) audiograms do not identify the cause of 
hearing loss. 

It is difficult to perform a differential diagnosis 
of hearing impairment and assign causation. The 
nature and severity of ototoxic damage varies ac­
cording to type of chemical. chemical interactions, 
and level, duration. and pathway exposure-as well 
as exposure to excessive noise. 

Hearing loss is bilaterally symmetrical and often 
irreversible. Onset is usually in the high-frequency 
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workplace exposures.) A full audiological evaluation 
reveals that his hearing loss is sensorineural and 
there is no other medical explanation for it. 

The occupational medicine physician for this 
man is faced with several questions: 

1. Given that the TWA noise measurements 
were not excessive, what are possible 
explanations for his degree of hearing loss? 

2. Should his hearing loss be counted as a 
work-related medical condition? 

3. What further steps in evaluation of his 
hearing loss and prevention of further 
hearing loss are warranted? 

This man has been exposed to noise at work of 
an intermittent nature. His noise exposure, as 
an 8-hour TWA, is below the OSHA action level, 
but peak exposures from the mixing machine 
may be high enough to cause hearing loss over 
time, even if the 8-hour TWA is less than 85 
dBA. 

In addition, this worker has simultaneously 
been exposed to a variety of organic solvents, 
including xylene and toluene, which are both 
neurotoxic and ototoxic. These solvent 
exposures in this relatively young man may be 
potentiating the adverse effects of noise on 
cochlear hair-cell function and survival and/or 
having a direct independent ototoxic effect. 

Reducing his exposures to both noise and 
solvents will be necessary to preserve his 
hearing. 

range (3 to 6 kHz)-reflected by a "notch" on the 
audiogram-and progresses at a rate determined by 
the risk factors listed above. It usually affects the 
cochlea (see Box 27-2). 

NIOSH recommends that hearing loss preven­

tion programs consider chemical exposures when 
monitoring for hazards, assessing hearing, and 
controlling exposures. 17· 18 The American Confer­
ence of Governmental Industrial Hygienists recom­
mends audiograms for workers exposed to toluene. 
lead, manganese . or n-butyl alcohol. 19 

Tinnitus 

Tinnitus. the sensation of noise in the absence 
of acoustic stimuli, is a condition often asso­
ciated with many forms of hearing Joss. It is 
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FIGURE 27-3 • Audiogram of a 41-year-old man 
who works in paint manufacturing. 

described usually as "ringing in the ears," but 
other forms of sound have been reported, such · 
as buzzing, pulsing, hissing, knocking, roaring, 
whooshing, chirping, whistling, and clicking. Tin­
nitus can be intermittent-for minutes to a few 
hours at a time--or continuous. It can be a mi­
nor annoyance or a serious and nearly intolerable 
condition. 

In severe cases, it may interfere with daily 
activities and sleep. Tinnitus is most commonly 
associated with noise exposure and also with 
more than 200 medications as well as dietary, 
nutritional, hormonal, immunological, and stress 
factors. 

The reported prevalence of work-related tinni­
tus varies considerably among occupational groups, 
ranging from 17 to 60 percent of cases among noise­
exposed workers. 20·21 However, it has attracted rela­
tively little interest. For example, only 13 U.S . states 
as well as the United Kingdom, Canada, Australia, 
Germany, Denmark, and Sweden and provide work­
ers ' compensation for tinnitus.21 It is likely that 
there are several mechanisms accounting for tin­
nitus. Studies suggest that it results from increases 
in the spontaneous neural activity in the auditory 
system. The first relay of the primary auditory path­
way is in the cochlear nuclei in the brainstem, which 
tend to develop hyperactivity that might be relayed 
to higher levels in the brain. Alternatively. height­
ened activity of some descending pathway might 
explain the hyperactivity or other central mecha­
nisms might operate. 
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GOVERNMENTAL REGULATION 

Federal, state, and local governments set and en­
force noise standards for aircraft, airports, interstate 
motor carriers, railroads, medium- and heavy-duty 
trucks, motorcycles, mopeds, and many commer­
cial, industrial, and residential activities . 

The Environmental Protection Agency (EPA) 
coordinated all federal noise-control activities un­
til 1983. Then, responsibility of regulating noise 
was transferred to state and local governments. Al­
though EPA no longer plays a prominent role in 
regulating noise, its past standards and regulations 
remain in effect, and other federal agencies con­
tinue to set and enforce noise standards for sources 
within their regulatory jurisdictions. 

Workers in general industry who are exposed to 
noise levels above 85 dBA are required by the Occu­
pational Safety and Health Administration (OSHA) 
to be in a hearing conservation program. This pro­
gram for manufacturing and mining workers in­
cludes noise measurement, noise control, periodic 
audiometric testing, hearing protection, worker ed­
ucation, and recordkeeping. 

In construction, noise exposures are required to 
be evaluated and controlled, and hearing protectors 
must be offered when exposures exceed 85 dBA. 
Apart from exposure limits, there is no manda­
tory hearing conservation program for construction 
workers. There is no hearing-loss prevention regu­
lation for workers in agriculture, despite their high 
prevalence of hearing loss, or for workers in the 
service and public sectors. 

OSHA's new recordkeeping rule, in effect since 
2003, significantly altered the criteria for doc­
umenting what constitutes a reportable hearing 
threshold shift.22 Work-related hearing loss in ei­
ther ear is recordable when there is both: 

I. An average shift in hearing threshold of IO dB 
or greater at 2,000, 3,000, and 4,000 Hz (2, 3, 
and 4 kHz), relative to the audiometric base­
line (called a standard threshold shift, or STS); 
and 

2. The average hearing level in the same ear is 
25 dB or greater at 2,000, 3,000 and 4,000 Hz. 

The prior recording criteria required an average 
hearing threshold shift at 2,000, 3,000, and 4,000 Hz 
of 25 dB or greater to establish a significant change 
compared to audiometric baseline. It is likely 
that the number of recordable hearing loss cases 
will increase in most states,23 which may lead to 
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improved hearing-conservation and noise-control 
programs. In 2004, OSHA improved mandated 
employer recordkeeping for occupational hearing 
loss . The National Institue for Occupational Safety 
and Health (NIOSH) has published the Practical 
Guide for Preveming Occupational Hearing Loss, 
based on experiences in hearing conservation. I7 

This guide presents attributes of successful hearing 
loss prevention programs and identifies responsi­
bilities of management, those who implement the 
hearing-loss prevention programs, and workers af­
fected by noise exposure. 

STRATEGIES FOR IMPROVING 
HEARING-LOSS PREVENTION 
PROGRAMS IN THE WORKPLACE 

In 2000, the participants in a conference on noise­
induced hearing loss held in Wisconsin recog­
nized that past measures failed to adequately pro­
mote noise control or noise-induced hearing loss 
and thus recommended new strategies and tech­
nologies. 

Controlling Hazardous Exposures 

Initial steps of hearing-loss prevention programs are 
hazard assessment and control. Federal regulations 
consider only noise as a risk factor for hearing loss. 
Required noise measurements serve as the basis for 
assessing noise-control alternatives. If noise expo­
sure is controlled to levels below 85 dBA time­
weighted average (TWA), a hearing conservation 
program is not legally required. 

Occupational exposure to noise at the NIOSH 
REL for occupational noise exposure (85 dBA 
TWA)I 8 for 40 years increases the risk of noise­
induced hearing loss by 8 percent-considerably 
lower than the 25 percent increased risk at the cur­
rent OSHA and Mine Safety and Health Adminis­
tration (MSHA) permissible exposure level (PEL) 
of 90 dBA TWA. 

NIOSH previously recommended an exchange 
rate of 5 dB for halving the exposure time in the cal­
culation of TWA exposures to noise; that is, starting 
at the 85 dBA recommended exposure level (REL) 
for an 8-hour period. for each 5-dB increase in ex­
posure, the permissible exposure was to be halved. 
However, since 1998, NlOSH has recommended a 
3-dB exchange rate, which is more firmly supported 
by scientific evidence. IS The 5-dB exchange rate is 
still used by OSHA and MSHA. 

SECTION JV • Adverse Health Effects 

Whenever hazardous noise exists in the work­
place, measures should be taken to reduce noise 
levels as much as possible to protect exposed work­
ers and to monitor the effectiveness of these inter­
vention processes.24·25 The most effective way to 
prevent noise-induced hearing loss is to remove the 
noise source from the workplace, such as by en­
gineering controls, or to remove the worker from 
hazardous noise. 

Unfortunately, hearing protection devices 
(HPDs) are often adopted in lieu of controlling 
noise exposure. Although relatively inexpensive 
and easy to use. providing HPDs to control noise ex­
posure is often problematic. In order to achieve the 
desired noise attenuation, workers must wear 
HPDs consistently during exposure to noise levels 
greater than 85 dBA, as a TWA. Workers often 
find it difficult to do so because HPDs can be 
uncomfortable and interfere with communication. 
Consequently, use of HPDs is inconsistent and 
varies widely. They are usually purchased on the 
basis of minimum cost and maximum attenuation, 
leading to use of devices that overprotect and 
interfere with communication. New electronic de­
vices now exist that not only protect at appropriate 
levels but also facilitate communication. Recom­
mendations to increase the use of HPDs include 
identifying devices that offer adequate attenuation 
and provide workers with better comfort. 

The rating system developed by EPA is recog­
nized as obsolete. The attenuation of HPDs deter­
mined in a laboratory is not predictive of how they 
function in the workplace. A new system of rat­
ings is being evaluated to better reflect real-world 
performance. OSHA has instructed its compliance 
officers to de-rate the noise reduction rating (NRR) 
of HPDs by 50 percent in enforcing the engineer­
ing control provision of the OSHA noise standard. 
NIOSH recommends de-rating by subtracting from 
the NRR 25 percent for earmuffs, 50 percent for 
formable earplugs, and 70 percent for all other 
earplugs. Is This variable de-rating scheme, as op­
posed to OSHA's straight de-rating scheme, distin­
guishes among the performance of different types 
of hearing protectors. 

Eligibility for Hearing-Loss 
Prevention Programs 

Preventive strategies that are used to protect work­
ers from noise exposure will not protect workers 
from chemical exposure. When ototoxic chemicals 
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are present in the workplace, hearing-Joss preven­
tion measures may be needed even where noise ex­
posure does not exceed 85 dBA. 

The American Conference of Governmental In­
dustrial Hygienists (ACGIH) advises that work­
ers exposed to ototoxic chemicals have periodic 
audiograms. 19 The U.S. Army requires that hearing 
conservation programs consider ototoxic chemical 
exposures, especially when noise exposure does 
not exceed permissible or recommended limits.26 

It recommends annual audiograms for workers 
whose airborne exposures are at 50 percent of the 
most stringent occupational exposure limits for 
toluene, xylene, n-hexane, organic tin, carbon disul­
fide, mercury, organic lead, hydrogen cyanide, 
diesel fuel , kerosene fuel , jet fuel , JP-8 fuel , organ­
ophosphate pesticides, or chemical-warfare nerve 
agents-regardless of the noise level. This 50 per­
cent level , while somewhat arbitrary, ensures data 
collection from exposure situations below occupa­
tional exposure limits. When dermal exposures to 
these agents result in a systemic dose equivalent to 
50 percent or more of the occupational exposure 
limit. annual audiograms are also recommended. 
For workers participating in hearing conservation 
programs because of excessive noise, reviewers of 
audiometric data should be alert to possible ad­
ditive, potentiating, or synergistic effects between 
noise and ototoxic chemicals, and should, if nec­
essary, initiate reduction of exposure to the noise 
and/or the chemicals. 

Audiometric Monitoring 

The OSHA criterion for the standard threshold shift 
(a change of IO dB or more in the average of hear­
ing thresholds at 2,000, 3,000, and 4,000 Hz) iden­
tifies hearing loss relatively infrequently. NIOSH 
recommends a better criterion for the calculation 
of significant threshold shift: an increase of 15 dB 
in the hearing threshold level at any of the test fre­
quencies in either ear (at 500, 1,000, 2,000, 3,000, 
4,000, or 6,000 Hz) , as determined by two consec­
utive audiometric tests 18-a new criterion that has 
both high sensitivity and high specificity. 

NIOSH suggests that (a) monitoring audiometry 
be conducted on noise-exposed workers late in , or 
at the end of, their daily work shifts; and (b) au­
diometry be repeated immediately after any mon­
itoring audiogram indicates a significant threshold 
shift. 18 Before conducting retests, workers should 
be reinstructed and headphones refitted. Those who 
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employ the retest strategy will find a significant re­
duction in the number of workers called back for a 
confirmation audiogram-because if the retest au­
diogram does not show the same shift as the initial 
audiogram, the retest audiogram becomes the test 
of record. 

By testing workers during their work shifts, one 
may identify temporary threshold shifts (ITSs). 
Even though the relationship between permanent 
threshold shifts and ITSs is not completely under­
stood, it is clear that workers with a ITS are being 
overexposed to noise . Discovering a ITS and tak­
ing action to prevent its increase will help protect 
workers from permanent hearing damage. If annual 
monitoring audiograms are performed before or at 
the beginning of workshifts, ITSs from noise ex­
posure on the previous workshift will have been 
cleared so that any threshold shifts observed will 
represent permanent shifts in hearing. 

Audiometry should be conducted again within 
30 days of any monitoring or retest audiogram that 
continues to show a significant threshold shift. A 
minimum of 12 hours of quiet should precede the 
confirmation audiogram to determine whether the 
shift is a ITS or a permanent threshold shift. Hear­
ing protectors should not be considered as a substi­
tute for a quiet work environment. 18 

Age Correction 

Although some people experience decrease in hear­
ing acuity with age, others do not, and it is not 
possible to predict who will and who will not de­
velop hearing loss as they age. The median hear­
ing loss attributable to aging for a given age group 
cannot be generalized to all individuals in that age 
group. Thus, in calculating significant threshold 
shifts, age-correcting hearing thresholds will over­
estimate the expected hearing loss for some and 
underestimate it for others. 

The adjustment of audiometric thresholds for 
aging has become a common practice in work­
ers ' compensation litigation. In this application, 
age corrections reduce the amount of hearing loss 
attributable to noise exposure, with a consequent 
reduction in the amount of compensation paid 
lo workers for their hearing losses. "Age cor­
recting" is still applied, but it is technically in­
appropriate to apply population statistics to an 
individual. 

NIOSH states that age-correcting audiograms 
obtained in an occupational hearing-loss preven­
tion program is not appropriate. 18 The purpose of 
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the program is to prevent hearing loss. If an audio­
gram is age-corrected. regardless of the source of 
the correction values. the time required for a sig­
nificant threshold shift to be identified will be pro­
longed. 

Accommodating Workers 
with Hearing Loss 

After a confirmation audiogram that indicates a per­
manent threshold shift. NIOSH recommends a writ­
ten notification to the worker and a referral to the 
audiometric manager or professional supervisor for 
review and determination of probable etiology. This 
referral should explore all possible causes in addi­
tion to occupational noise. including ototoxic chem­
icals, age-related hearing loss. familial hearing loss, 
nonoccupational noise exposure, and medical con­
ditions. Workers with a threshold shift due to causes 
other than noise should be counseled by audio­
metric managers and referred to their physicians 
for evaluation and treatment. Appropriate actions 
should be planned for workers showing a threshold 
shift that is determined by the audiometric man­
ager to be likely due to occupational noise. Actions 
should, at a minimum, include reinstruction con­
cerning, and refitting of, hearing protectors; addi­
tional training in worker responsibilities for effec­
tive hearing-loss prevention, and/ or reassignment 
to a quieter work area. The "professional supervi­
sor" should be responsible for making whatever de­
cisions deemed necessary and for ensuring that they 
are implemented. According to OSHA's Hearing 
Conservation Amendment, the "professional super­
visor" of the audiometric testing component of a 
hearing conservation program must be a licensed 
or certified audiologist or otolaryngologist, or other 
physician. 

The main factors that enable workers with hear­
ing loss to continue working are ability to cope 
with the hearing loss, support from management 
and co-workers. adequate work conditions, psycho­
logical support from patient organizations as well 
as family members and friends. support from med­
ical professionals and programs, and financial and 
other benefits.27 A set of guidelines can be used by 
health professionals for managing the work-related 
conditions.27 Important to workers with hearing 
loss is knowledge about and availability of bet­
ter hearing protectors and hearing aids, alterna­
tive means of obtaining and financing hearing aids, 
self-acceptance, a quiet work environment, deter-
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mination and persistence to ask for needed accom­
modations at work, education of co-workers about 
hearing loss. and opportunities to communicate 
information and experiences with other affected 
workers. 

Accommodating Workers 
with Tinnitus 

The most important step in managing workers with 
tinnitus is to refer them to otolaryngologists or 
otologists (ear specialists). The specialist will try 
to determine the cause of tinnitus by assessing 
the auditory system, measuring blood pressure and 
kidney function, and assessing diet. allergies, and 
medications. The specialist will determine treat­
ment, which may include maskers (electronic de­
vices the size of hearing aids that use sound to 
make tinnitus less noticeable), support and counsel­
ing, surgery, drug therapy (such as tricyclic antide­
pressants), diet, psychotherapy, electrical/magnetic 
stimulation, acupuncture, biofeedback, and hypno­
sis. Specialists should explain to patients the patho­
physiology of their tinnitus, make recommenda­
tions for hearing aids when appropriate, and provide 
periodic monitoring. 28 
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