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CHAPTER 11
Hearing Conservation

Aram GLORIG

11.1 INTRODUCTION

If the statistics are closely examined, we find that there are at least 25 million
people in the United States who have a hearing impairment which produces a
significant communication problem. Since sensorineural hearing loss is by far
the greatest part of this problem and treatment at the present time leaves much
to be desired, it is quite obvious that we must look to prevention. Prevention is
not only important in industry, but also in schools and other walks of life which
bear no relation to industry.

If we define hearing conservation in the broadest sense we must not confine
our efforts to the preservation of normal hearing but also include the
preservation and conservation of residual hearing. There is no question that
industrial noise produces more hearing loss in more people than all other
causes combined. The tragedy of this statement is that nearly all of industrial
hearing loss can be prevented with proper hearing conservation procedures. Is
it any wonder that preventing hearing loss due to excessive noise exposure has
become a major concern in the United States as well as in most of the rest of the
world?

Recognition of the need for hearing conservation in industry should be
obvious from the statistics quoted above. However, the recognition of this
need seems to be based on something beside the number of individuals who
have sustained hearing loss from industrial exposure. We have been quite
concerned about this problem since the late 1930s but nothing was done about
it until about ten years later. The initiating factor was the award of
compensation for occupationallv-induced hearing loss. From that point on. the
interest has grown until at the present time there are rules and laws which have
been written and re-written which will enforce the introduction of hearing
conservation measures in industry throughout the United States and in many
other countries of the world.

The medical profession recognized the need for doing something about noise
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exposure as far back as 1800. It was not until the end of World War 11 that other
professionals took notice and the medical profession interested enough to
attempt to do something about it. At the present time, there are many separate
disciplines and organizations involved in establishing the need for hearing
conservation in industry; these include industrial hygienists, audiologists. safety
personnel, State and Federal agencies, research scientists, nurses and even
audiometric technicians. This need has initiated training programmes for those
concerned with hearing conservation and the number of personnel who are
employed in hearing conservation programmes increases daily.

11.2 COMPONENTS OF A HEARING CONSERVATION PROGRAMME

11.2.1 Moise Measurement

Obviously, the measurement of the offending factor is essential before one can
determine the need for a hearing conservation programme. Let us consider the
types of noise measurement and why they are essential. First of all, noise
measurement is usually done for two reasons: (a) to determine whether or not
there is need of a hearing conservation programme and (b} to obtain enough
information to apply noise-control. Twosimple measures will suffice whenoneis
determining the need for hearing conservation. One is the noise level indB(A),
and the other is the time of exposure. However, where noise-level control
procedures are concerned it is essential to obtain much more information. But
the purpose of this chapter is not to describe noise-control measurements nor
methods of noise control.

All standards concerned with hearing conservation are given in dB{A)
because dB( A) measures the sound level in relation to the human ear frequency
response. It is well known that frequencies below 500 Hz have little or no effect
on the hearing of exposed individuals unless these levels are extremely high
{above 130 dB). Having measured the noise level at the appropriate location to
determine whether the level exceeds the stated criteria (presently 90 dB(A) in
U.5.A.), we must then determine the amount of exposure in time. If the noise
level reaches the limit but the exposure time is less than eight hours, there is no
need for a hearing conservation programme. On the other hand, if the exposure
continues for more than eight hours, the accepted level in dB(A) is reduced
accordingly. Moststandardsagree that dB( A ) sound level measurements should
be made with the sound level meter set ataslow-meterreading time. MostdB{A)
measurements should be made at the level of the exposed individual'searsand at
the location where he usually works. Furthermore, care should be taken to
determine the effect of the surrounding surfaces and directionality of the sound
source. Ifcareistaken todirect the microphone appropriately at the usual source
ofthe noise, and the effect of enclosures and various types of surface material are
included then such a measurement should be reasonably valid.
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One of the real problems with noise measurements in situations such as these
is that the level is not always constant and, therefore, various measurements
should be made at various times of the day over a period of a month or so to
determine an average level for that particular location. (Ordinarily this is not
done and, therefore, when one attempts to correlate hearing loss with noise
level in these locations, the correlations are found to be faulty, the noise level
varies from time to time and no allowance has been made for this variation. ) In
the author’s opinion, it is desirable to make a number of measurements in any
particular location on different days at different times of the day. then average
these levels to derive a valid representation of the general exposure.

More recently, instruments called dosimeters have been developed which
are coming into general use. Most of these instruments are based on the limit
level for an eight-hour continuous exposure. The dosimeter accumulates the
total dosage over an eight-hour period and registers it as a percentage of the
reference L., The problem with most dosimeters is that they make no
allowance for intermittency unless the time level trade-off is corrected for
appropriately. More recently, some dosimeters do not summate the readings
over all but give a direct reading of on and off times which gives a more accurate
picture of the exposure characteristics.

I feel quite strongly that if levels exceed criteria by any amount for periods
that exceed one to two hours for that day, then hearing conservation measures
should be initiated, even though the risk of hearing loss is much less if the
exposure is less than eight hours,

It is essential that employees be protected at all times when they are in a
general area that exceeds the stated criterion. This is particularly true where
there is a larpe area containing numerous noise-making devices. Some of these
devices may not be hazardous, but within a few feet another worker may be
located where the level and exposure time is hazardous; he will be required to
wear ear protection while the man next to him is not. I would rather
overprotect by the use of noise control and/or ear protection than try to
explain why some individuals, but not others, are wearing ear protection,

11.2.2 Hearing Measurement

According to all present standards, it is necessary only to do air conduction
threshold pure-tone audiometry at 500, 1,000, 2,000, 3.000, 4 000 and 6_(0K)
Hz. There are a number of important factors which influence the validity and
the reliability of such tests, and one is the environment in which the tests are
made. Obtaining a proper environment is sometimes difficult and certain steps
should be considered prior to establishing a location that is suitable for daing
pure-tone threshold audiometry. Unfortunately, ambient levels in most
locations are usually too high for satisfactory testing of learning. It is necessary,
therefore. to provide some sort of booth which will meet the specifications.
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This is usually accomplished by installation of a pre-fabricated booth, which in

the author's opinion, is the most satisfactory solution. A simple procedure is to
make octave-band level measurements in the location where it is planned to do
the hearing tests and then determine what sort of enclosure is required to reduce
the levels to those necessary. The amount of attenuation provided by the
commercially available booths can be determined quite simply by reading the
specifications provided by the manufacturers. If the attenuation provided by the
booths as a function of octave bands does not provide satisfactory ambient
levels, then one of two alternatives is left. Firstly. one should consider choosing
another location in which to place the enclosure, or secondly, to purchase an
enclosure which provides enough attenuation to bring the levels down to those
considered satisfactory.

There are two general methods of making hearing tests in industry at the
present time; one is with a simple pure-tone audiometer which should provide
for threshold audiometry at the usual frequencies, but if not, at least at 500,
1,000, 2,000, 3,000, 4,000 and 6,000 Hz. In the author’s opinion, it is quite
essential that the audiometer used for industrial testing should have the
provision for either a steady tone or a pulse tone. There are times when the pulse
tone is of great assistance in determining the threshold in industrial cases,
particularly where tinnitus may be present. The other method of testing is the use
of the Békesy type audiometer, which is more recently called the self-recording
audiometer. This audiometer provides for air conduction thresholds at the
essential frequencies and sometimes in addition at 8,000 Hz, In these
audiometersasteady tone or a pulse tone isalready available. Which of these two
methods 15 used depends to a great extent on the needs of the particular
company. Where the number of individuals to be tested are few, such as less than
100, manual audiometry is quite suitable. On the other hand, if more than 100
individuals are to be tested, the self-recording audiometer is usually better since
it allows more than one audiometer to be operated by the same individual.
Further, it does not tie the operator to the testing until it is completed. The
self-recording audiometer allows for a self-administered test under reasonable
supervision. The person being tested should not be started and left alone until
the test is completed; it s essential that the testing be scrutinized several times
before completion to be certain the individual is proceeding properly.

Before valid and reliable audiograms can be obtained through self-recording
audiometry, it is essential that certain criteria be adopted and followed. The pen
excursion, asit proceeds from low to high level and vice versa, should not exceed
15 dB from peak to valley. If this value is exceeded, there are not enough
threshold crossings for each frequency to determine the true threshold for that
frequency.

More recently, computerized audiometers have been developed and are
available to industry at the present time. I believe these computerized
instruments will eventually replace all other types of equipment, at least for
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industrial use.These audiometers provide completely automatic testing. The
test procedure is computerized to the extent that false positives and false
negatives are reduced to a minimum. Further, they can be programmed to
analyse the data on-line and make decisions regarding the individual being
tested immediately. They also provide hard-copy records immediately, thus
avoiding the possibility of false records due to repeated transposition of the data.

‘In-house’ programmes and the appropriate equipment which provide the
enclosure for testing and have provisions for the needs of the individual plant
are. in the author's opinion, necessary to complement outside services.
‘In-house” programmes can be used for doing pre-emplovment tests and any
interim re-checks. ‘Outside’ services that provide hearing testing and computer
analysis are extremely valuable as an adjunct service to ‘in-house’ program-
mes. These companies use ‘mobile vans’ equipped to test 4. 6 or 8 subjects ata
time. Their best use is for the annual tests. These services can do large numbers
of tests under controlled conditions in a relatively short time and provide
extensive computer data analyses.

Such service. if properly organized, also can provide quality control of the
‘in-house’ hearing conservation programme.

The most important part of the hearing measurement programme is
determining what action should be taken on the basis of the test results. If no
action is taken, then hearing tests are a waste of time. The mere gathering of
tests and filing them away is useless as far as hearing conservation is concerned.
Quiside services. if properly organized, should provide computer analyses for
both group and individual actions.

A. Whar Hearing Tests are Necessary for an Indusirial Conservation Pro-
grarmme?

There are two principal types of tests that are essential: one is the
pre-employment audiogram, which ideally should be made at the time of
hiring: and if not, at least within 30 to 60 days of the time of hiring. The other is
the re-check test, usually done annually.

I feel it is also wise to do a pre-placement audiogram; for example, if an
individual is hired but does not work in a noisy situation initially, but is then
transferred into a noisy area, an audiogram should be done at that time. In
some areas a terminal audiogram also is recommended, that is. if the individual
quits working at a particular plant an audiogram is done to determine the status
of the hearing at the time of leaving his employment. Generally, however, it is
agreed that pre-employment audiograms and re-check audiograms done
annually are the recommended tests.

Another important test is referred to as the ‘repeat-test’. When a re-check
test is completed and a shift of threshold is found. another audiogram is made
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within 30 days to check the validity of the re-check test. Whether the
‘repeat-test’ is necessary depends on the referral criteria that are used.
Examples of referral criteria:

a. When there is a shift of 20 dB or more at any frequency from the
previous hearing test.

b, When there is a shift of 10 dB or more average of 300, 1,000 and 2,000 Hz
(AHL). or a shift of 20 dB or more average of 3,000, 4,000 and 6,000 Hz
from the previous audiogram.

If the ‘repeat-test’ confirms the ‘re-check test’. certain actions are necessary.
Usually, these are the following:

a. Ask the employee about his ear protection habits.
b. Re-instruct the emplovee about ear protection.
¢. Counsel the employee about hearing conservation.

If the shifting threshold continues at the next re-check test, semous
consideration should be given to removing the employee from the noise source
since he appears to be losing hearing in spite of ear protection.

B. Record Keeping:

Record keeping for an industrial conservation programme is one of the
programme’s most important aspects. Because these records may become part
of a medical-legal procedure at a time in the future, it is essential that they be
kept accurate and legible. I have seen many industrial records used in cases of
litigation where it is almost impossible to tell what the recorded history says
because of poor legibility or poor methods of recording, particularly with
reference to the results of audiometry. In general clinical audiometry records
are grids with curves using red ink for the right ear and blue or black ink for the
left ear. The symbols are circles for the right ear and an X for the left ear.
Unless these symbols are carefully placed on the audiometric grid, it is almost
impossible to decide what value they were intended to be. Furthermore, when
the usual clinical records are used, it is very difficult to compare one audiogram
with another because there is no sequential information except on separate
cards, making scrutiny very difficult. However, if the records are kept in
columns and rows preceded by dates and the threshold value is recorded in
squares, it becomes a very simple matter to decide what that value is as well as
compare sequential or serial audiograms. In addition, this method makes it
possible to record numerous audiograms on one page. thereby making filing of
the information much less difficult.

If self-recording audiometry is used. tracings should be translated into
numbers and recorded on a master sheet. However, since the self-recording
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test-card is the original. it should be kept in case it is necessary for
medical-legal reasons.

This brings up the real purpose of hearing tests and their relation to hearing
conservation. | know many hearing conservation programmes that include
hearing tests that are filed away without evaluation and analysis. It should be
noted that making audiograms without evaluation and subsequent appropnate
action is a worthless activity_ The hearing test is merely a monitoring system 10
determine what action is essential. If no action is taken. testing is a waste of
time.

C. Personnel

It is essential that the ultimate responsibility for a hearing conservation
programme be delegated to a physician. 1 do not mean that the physician
should carry out the actual details of the programme. but that he should be
responsible for policy and decisions concerning the disposition of the
individuals involved. In the case of a large corporation where many plants are
involved, someonc on a corporate level should be responsible for the
day-to-day activities of the hearing conservation programme. This individual
should. in co-operation with management and the medical director or medical
consultant, determine what the corporate programme should be. This person
should also be responsible for the preparation of a manual to be used by all
individual plants as a corporate programme meeting all the requirements of
appropriate regulations. Ideally. this person should be someone who is tramed
in the audiological profession. e.g. an audiologist. provided of course the
programme is large enough to warrant the continuous activity of such an
individual. Some corporations have delegated this responsibility 1o the
industrial hvgienist and’or the corporate safety supervisor. However. due to
the fact that the industrial hygienist and/or the corporate safety supervisor
have many other duties to perform. they would not be able to give adequate
time to the hearing conservation programme 10 make it a success. Therefore. |
believe it would be wise on the part of the large corporation to employ an
audiologist or an appropriate consulting firm to work with the industrial
hygienist or the corporate safety supervisor, This person can supervise the
programmes in each plant, and analyse the data for corporate purposes with
respect to disposition of individuals who are under the surveillance of the
hearing conservation programme.

Individuals at the plant level where the actual programme is conducted can
be used even though they may be less qualified. They may be nurses. nurses’
aids or clerk-secretary personnel provided they are properly trained and
supervised by someone who is responsible for the hearing conscrvation
programme. However. the responsibility for the conduct of the whole
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programme should be placed in the hands of whoever is appropriate to accept
this level of responsibility.

11.3 IMPLEMENTATION OF THE PROGRAMME

11.3.1 Education

Before any hearing conservation programme can be a success the personnel
involved, both employer and employee. should be educated to its needs,
purposes and results. Perhaps the personnel who most need this education are
management and union representatives. 1f these two groups do not agree and
do not participate in motivating the persons involved. it will be far from
successful. In my opinion such education should consist of appropriate films,
discussions with union stewards and group supervisors, as well as discussions
with the workers. 1t is essential that all individuals be convinced that noise does
produce a hearing loss and that it can be prevented with active cooperation
between employer and employee.

Education on hearing conservation is very important, even more so than
many other kinds of safety education. The consequences of noise exposure are
not as obvious as those from accidents. The resulis of a piece of metal entering
an eye are immediately obvious: whereas. the results of noise exposure are not
obvious until it 1% too late. Therefore. education becomes exceedingly
important and convincing the individual of what can happen to his ears if they
are not protected is essential. Hearing loss is a gradual process and the
individual may accumulate considerable hearing loss without realizing it.

Obviously, education is one means of promotion but other methods should
also be used such as visually designating areas where noise hazards exist.
Posters and signs can be appropriately placed to indicate the hazardous areas.

Hearing conservation needs continual reminders. Such reminders can
appear in company communications of any kind. It is also essential that if
posters are used. they be rotated from time to time, to arpuse more attention in
different areas of the plant. In addition when an individual comes to the area
for a hearing test the tester should make it his'her business to talk to the
worker. asking how he/she is doing with his'her ear protection, etc. If a
change does appear between successive audiograms, the employee should be
warned of this and his'her ear protection habits should be reviewed.

Hearing conservation discussions should be an important item at all safety
meetings. As stated above, since the need for hearing conservation is not overt
it is very important to have continual reminders for the employee and
supervisory personnel.

11.3.2 Voluntary Programme

At the present time. most hearing conservation programmes are voluntary. In
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my opinion voluntary programmes are acceptable only in the early stages. They
do give individuals the opportunity to try ear protectors, or to work under the
conditions that have been created by noise control procedures, However, it has
been the author’s experience that a voluntary programme is not successful over
a long period. After a period of perhaps 1 to 6 months or less, a mandatory
programme should be initiated. There are many industries with mandatory
programmes that are highly successful. The large number of individuals who
will finally abide by the hearing conservation rules without protest is surprising.
There will always be some individuals who will be recalcitrant, but this usually
is a very small number. A mandatory programme can be successful and is the
only eventually successful method.

Hearing conservation programmes are now incumbent on all of industry
since the regulators in many areas have ruled that a worker’s hearing must be
protected. If this is not accomplished. the employer, not the employee, is
considered to be at fault. Although the regulators have stated that manage-
ment shall initiate hearing conservation programmes. there has been no
instruction on how this shall be enforced. Most employers with mandatory
programmes have resorted to the following: if a worker appears without
protection, hefshe is given one day off without pay: if he/she appears a
second time without protection the worker is given three days off without pay,
and if this occurs a third time, the person is dismissed from employment.
Further, when an individual is hired and it is known that he will be employed in
a noisy area, ear protection is made a condition of employment and the
agreement with the employee is such that if the employee refuses to wear the
ear protection, dismissal can result without further action.

In the early stages of hearing conservation, such programmes were invoked
and when such action was taken considerable reaction on the part of the
emplovees or their union resulted. This is not nearly as common now, since
both union and management realize that protection of hearing is essential.
Even though hearing conservation programmes may be costly to industry in
terms of dollars, it is now realized that the cost of hearing loss is much greater
not only in the cost of dollars in the compensation courts, but also in
preventable human suffering.

11.4 METHODS OF HEARING CONSERVATION

In general. there are two classes of hearing conservation measures: one is noise
control of the environment at the source, and the other is hearing protection at
the ear. Although I believe that noise control, whether this consists of barriers
between the noise source and the ear, such as enclosures, walls or ear
protectors is necessary, the method of choice is 1o control the noise at the
source and thereby get rid of the hazard. During the past five to ten years
experience has accumulated, showing that there are many effective ways of
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controlling noise at the source. Perhaps the two major deterrents in this area are
technical feasibility and economic considerations. It should be quite obvious
that some noises can be reduced technically, but the cost would be exorbitant
making it not feasible from an economic standpoint. In fact, attempts at noise
control at the source have been so costly as to force some companies out of
business.

I'am the first to agree that noise control at the source should be accomplished;
however. | donot believe it should be mandatoryunlessit meets the provisions of
being technically and economically feasible. I have found through vears of
experience that noise control away from the source can be just as effective as
noise control at the source. The real problem involved is that even though certain
reduction of noise can frequently be accomplished by engineering methods, the
reduction is not enough to comply with regulations. or to be considered
non-hazardous as far as hearing isconcerned. and m thiscase, theemploverisleft
with having to initiate procedures of noise control at the ear.

The method of noise control at the ear has been criticized because it is felt that
these measures are not nearly as effective as noise control at the source; that is,
ear protectors are not as effective as erecting barriers between the noise source
and the ear. such as enclosures, barrier walls and reflecting walls. 1 find this
difficult to agree with because it takes just as much supervision to get the
employee to use the enclosures effectively as it does to see that he uses ear
protection as he should, and my experience has shown that a well-supervised
ear-protection programme can be just as effective as barriers and enclosures.

Insummary, any engineering noise-control procedures that do not reduce the
noise to anon-hazardous level will have to be supplemented by an ear protection
programme, whether by barriers or ear-protectors and, therefore, superivison
will be the key to the success of the programme. On the other hand, one could ask
why engineering noise control procedures should be carried out at all, unless
there is a guarantee that they will be reduced to a non-hazardous level. I do not
agree with this attitidue. | feel that if reasonable amounts of noise reduction can
be accomplished. that is 1o say a minimum of 3 dB( A ). itshould be done because
this will then make it much easier to bring the levels at the ear into non-hazardous
levels.

11.4.1 Ear Protectors

I am frequently asked the question, *“What is the best ear protector?’ My usual
answeris, “The one that is worn'. This answer points out that the critical feature
of any ear protector is comfort or ‘wearability’. Attenuation is of no value if the
device is not worn. As a matter of fact, most ear protectors provide about the
same amount of attenuation. They may differ somewhat as a function of
frequency and muffs usually give somewhat more protection than plugs (Table
11.1). Various methods of rating ear protectors have been devised, but none has
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Table 11.1 Attenuation for the eight different ear protectors tested® (in dB re 1931
ASA audiometer reference zero)

Frequency (c's)

Type 125 250 500 1000 2000 3000 40060 6000 RBOOO
Ear plugs
A - 219 250 259 334 380 412 330 375
B 15 139 162 21.3 288 337 3337 329 391
L g 16 16 19 23 29 27 34 40
Ear muffs
A g 23 30 32 33 40 39 39 28
B 19 30 38 38 42 LF | 45 40 35
C 7 13 23 il 34 M 42 40 35
Cotton 5 3] 3 9 13 15 13 14 16

* Data derived from tests performed according to the American Standards Association method
for the measurement of real-car attenuation of ear protectors at threshold.

proved very satisfactory to date. Most companies provide a limited choice
depending on the user’s preference and the amount of attenuation necessary to
meet non-hazardous noise levels at the eardrum.

There are three general classes of ear protectors presently available:
earplugs. canal caps and muffs. Each has its own advantages and disadvan-
tages, and no single class will meet all demands. Only experience will assist in
providing the best ear protector for any particular situation.

It is advisable not to accept the advertised laboratory attenuation figures for
field use. It is preferable to subtract one standard deviation from the stated
numbers to obtain the degree of protection that will be afforded under field
conditions (Figure 11.1).

1.5 SUMMARY

Hearing conservation programmes, where appropriate in industry, are a must
at the present time. Even though one may not wish to adopt an altruistic
attitude towards the conservation of hearing one must, like it or not, initiate a
hearing conservation programme to meet the regulations in many areas. Since
industrial noise exposure produces more hearing loss in more people than all
other causes of hearing loss combined, it is incumbent on all noise makers to do
something about protecting human hearing.

The tragedy is that nearly all industrial hearing loss can be prevented with
proper hearing conservation measures. The cost of hearing conservation is far
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less than the cost of hearing loss in terms of human suffering, and dollars in the
compenstion courts. Proper education of both managements and labour can
result in successful hearing conservation programmes. The method of choice is
reduction of the noise at the source, but in many cases this is not feasible either
technically or economically, therefore protection at the ear must be used.
Management must make well-supported attempts to carry out noise control.
and if this cannot be done the decision must be supported by the opinion of
experts on noise control at the source. Experience has shown that with proper
superivison, ear protection programmes can prevent a large hearing loss in the
majority of individuals exposed.
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