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Hearing loss, caused by years of exposure to high

noise levels has been a recognized problem for more than

100 years. The problem has not, however, had great

economic significance until 194, when New York courts

ruled that noise-induced hearing loss was a compensable

injury. Until this time, the concept of Workmen's Compen-

sation had been to pay workmen for time lost and medical

expenses resulting from on-the-job injury. It was now,

however, no longer necessary that the workmen experience

either time loss or medical expense, In 1954, an estimate

was made that the total national cost of noise-induced

hearing loss claims could be in excess of $700 million

dollars if those persons eligible were to file claims.

The purpose of this study was to determine the

potential cost of noise-induced hearing loss claims in the

Oregon forest products industry, a major industry in the

State and one which is characterized by operations which
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produce high noise levels.

This study is based largely on two surveys. The

first, a sound level survey, was conducted in 1963 and

included a complete noise analysis of 40 west coast forest

products operations. These operations represented a wide

distribution of sizes and involved nearly every phase of

the industry. The survey provided a list of the work

stations in the industry that are characterized by

hazardous noise levels.

The second survey involved polling the firms in

the industry having three or more employees, in an attempt

to determine the total number of men working in these

hazardous areas. This was achieved by listing in a

questionnaire those work stations known to be hazardous

and asking each firm to record the number of men which

they had employed at each job. Some 32.3% of the question-

naires were returned.

The sample indicated that 30.3% of the industry

work force were working in areas where the sound level

was sufficient to cause hearing loss.

Studies conducted in the mid 1950's have pro-

vided an estimate of the amount of hearing loss that can

be expected as a function of the workman's age, the sound

level, and the years of exposure. Knowing the number of

employees in various age groups who were working in jobs



with hazardous noise levels, it was possible to estimate

the total potential cost of hearing loss that has accrued

to date in the Oregon forest products industries. The

amount was about $5.6 million dollars. It should be

noted that this is the potential cost as of 1964, and is

not a yearly cost. Despite the impressiveness of this

figure, it does not seem so great when placed in per-

spective. It is, in fact, only between one and two per-

cent of the industry's annual payroll, assuming an average

wage of $2.50 per hour. Even so, the problem is worthy

of management's consideration.

The results of the study indicate that the hear-

ing loss problem in the Oregon forest products industry

is not of a gravely serious nature. During the period

l95 to 1962, there were 26 hearing loss claims filed with

the State Industrial Accident Commission. The claims were

evenly distributed over the five-year period, and did not

indicate any increasing trend. The problem does exist,

though, and is likely to become increasingly important as

more publicity is accorded the subject. It is, however,

a problem which can effectively be handled if management

makes a conscientious effort to provide for hearing con-

servation. Such a program involves sound level measure-

ments, ear protection for employees, and audiometric test-

ing, and if properly conducted, can eliminate future



industrial hearing loss. The cost of such programs can,

in most cases, be less than the potential cost of hearing

loss claims. Thus, it would seem advisable, from a

humanitarian point of view as well as an economic view-

point, for firms within the industry to engage in hcai'ing

conservation programs.
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THE POTENTIAL ECONOMIC EFFECT OF NOISE-INDUCED
HEARING LOSS IN THE OREGON FOREST PRODUCTS INDUSTRY

CHAPTER 1

INTRODUCTION

Origin of the problem

The first record of the adverse organic effect of

sound upon man was recorded in l3O by Fosbrooke in England,

as a result of a study showing hearing loss in blacksmiths

as a group. Thirty years later, Weber published reports

of hearing loss in boilermakers and railway men. Several

reports were published around the turn of the century

noting the incidence of hearing loss among workers exposed

to high levels of noise, In 1926, Bauer claimed that hear-

ing loss In pilots was due to the noise produced by piston

engines in airplanes (13, p. 3).

The first organized effort to discover the effects

of noise upon hearing was started in 1946 when the members

of the Committee on Conservation of Hearing of the American

Academy of Ophthalmology and Otolaryngology- decided to

establish the Subcommittee on Noise in Industry, and charge

Ophthalmology is thebranch of medicine dealing with the
structure, functions, and diseases of the eye. Otolaryn-
gology is the combined branches of medicine, otology
which deals with the ear and its diseases, and
laryngology which deals with the larynx and adjacent
parts.
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this Committee with the specific duty of studying the re-

lation of noise to hearing loss.

The first wide-spread recognition of the serious-

ness of noise-induced hearing loss by the medical pro-

fession was marked by the l9l meeting of the Industrial

Health Section of the American Medical Association, at

which noise and hearing was the primary topic of interest.

Since this meeting, there have been many groups that have

begun to seriously study noise, The two groups that have

done a great deal of work are the Committee on Hearing and

Bio-Acoustics, known as t?CHABAIT, which acts as a military

advisory group, and the Exploratory Subcommittee Z24-X-2 of

the American Standards Association. Both of these groups

have studied the problem and made some of the most important

steps toward the understanding of what kinds of noise and

what level of intensity man can continuously tolerate with-

out suffering permanent partial loss of hearing (13, p. 4-
6).

Industry became more than a little interested in

the noise problem when New York and Wisconsin presented

judicial interpretations which allowed the payment of

compensation for partial permanent hearing loss even

though the workman suffered no loss of earnings. Until

this time, the concept of workmen's compensation had

been to provide workers with payment for loss of earnings
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and medical expenses resulting from an industrial accident

or an occupational disease. These rulings changed the

concept so that a worker could be compensated for a partial

loss of a function even though it did not cause him to

suffer a loss of earnings.

Acceptance of this principle has posed a serious

problem for industry. Industry and its insurers are now

faced with liability for an occupational disease that has

accrued over roughly the past fifty years, but which only

recently has been declared compensable. This has put in-

dustry in a position of suddenly being faced with an un-

expected bill for something in the past, and for which no

funds have been accumulated for payment. The bill is by no

means insignificant. Dr. Aram Glorig, Director of the Re-

search Center, Subcommittee on Noise in Industry, has made

the following statement about the potential cost of compen-

sation for hearing losses:

"From these studies (in reference to
Wisconsin State Fair), we have deter-
mined that there are approximately
1,700,000 males between 50 and 59
years of age who have a hearing loss greater
than 1.5 decibels in the speech fre-
quencies. Assuming that ten per-
cent of these are eligible to file
for compensation, and the average
settlement would be 31,000 per claim
as calculated by the Wisconsin
hearing loss formula, we find a
potential cost of 3170,000,000. Also,
our analyses indicate that there are
approximately 4,500,000 men with losses
greater than 15 decibels in the speech
frequencies. Assuming that ten percent



As quoted in an address by Dr. Roger B. Maas to the
Symposium on Noise Effects and Hearing Conservation
in Industry - Virginia and Minnesota. June 1964.
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of these men will file for compen-
sation on the basis of the Wisconsin
hearing loss formula and the average
claim amounts to Sl,000, the addi-
tional cost would be $45O,OQQ,QQQI1

In New York in 1947, between 300 and 400 employees

filed claims for workmens compensation benefits against a

single employer claiming hearing loss as a result of their

employment. Shortly thereafter, in New Jersey, 232 cases

were filed against Bethlehem Shipbuilding Company. About

500 suits were filed against one firm in Wisconsin in 1954
(44).

Even so, the feeling that the hearing loss problem

is serious is not unanimous. Morrison states,

"There are two extreme views of the
problem of noise in industry. The
first is that the whole thing is
greatly exaggerated, that the prob-
lem does not justify the time and
attention that is being given to it.
The second view holds that noise in
industry is a powder keg already to
explode in managements face, that it
demands an immediate all-out attack
on every area of the problem."
(24, p. 31)

Generally, there have been few claims for compen-

sation based on hearing loss. However, the crises that have

developed in Wisconsin, New York, and in individual

situations such as the Bethlehem Shipbuilding Company in New
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Jersey, all lend support to the opinion that noise is a

veritable powder keg. In many cases, management has felt

that by taking affirmative action to control the noise

problem, it might encourage claims consciousness and touch

off the feared avalanche of hearing loss claims. However,

labor unions have not been lax in their duties of looking

after their members, and in many cases have made the various

aspects of the noise problem known to their membership. It

is generally felt by those familiar with the noise problem,

that an all-out effort by management to correct adverse

situations, and to protect employees is met with some degree

of worker acceptance and cooperation, and is looked upon

with better favor by Industrial Accident Commissions.

Unfortunately, this feeling is not held among all manage-

ment personnel and many firms still hesitate to even admit

the existence of the problem, fearing that it will touch off

a series of hearing loss claims, To date, loss of hearing

claims in California, which was one of the first Western

States to recognize the problem, have been relatively few,

and the total cost has not been great. The record of hear-

ing loss claims referred to the California Industrial

Accident Commission is as follows: 76 in 1953; 77 in 1954;
6 in 1955; and 100 in 1956. Such cases come from a cross

section of industry in which substantial noise exists

including the aircraft, steel making, and wood-working
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industries (24). The number of claims has substantially

increased since 1956 to 14 in 1961, and 332 in 1962.1

While there has been a very significant increase

in the number of claims in California, there is nothing yet

to suggest the feared avalanche. It should be noted,

however, that the number of claims has increased substan-

tially and, in fact, doubled in 1962 over the previous

year.

An investigation made of the hearing loss claims

filed with the Oregon State Industrial Accident Commis-

sion during the years l95 through 1962, disclosed that

during this five-year period, there were 26 claims filed.

YEAR CLAIMS

l95 6

1959 4

1960 5

1961 6

1962 5

Oregon has certainly not been faced with the

situation that has occurred in California and some other

states. The point is, however, that as more publicity is

accorded this subject, the possibility of claims becomes

1 From address given by Raymond W. White, President,
California Self-Insurers Association, to 10th Annual
Western Safety Congress & Exhibits, Los Angeles, Calif.



more likely.

Purpose of the study

The forest products industry is not only a major

industry in Oregon, it is also one of the noisiest. In

nearly every phase of timber processing, from harvesting of

the trees to making paper, workmen are exposed to noise

levels far in excess of those considered safe for con-

tinuous exposure. It begins when the power saw is started

to fall the tree, and continues through the processes of

logging, loading, hauling, and manufacture into surfaced

lumber or paper. At every step along the way, some workman

is exposed to noise levels capable of inducing at least

partial permanent hearing loss.

This loss of hearing can be completely avoided

with the institution of an adequate hearing conservation

program.

It is the intent of this study to determine the

number of workmen in the industry who are exposed contin-.

uously to these excessive noise levels, the amount of

hearing loss that might be expected, and from this

determine the potential cost of noise-induced hearing

claims.

The second phase of the study is to present the

methods available to industry to minimize the incidences

of hearing loss and protect itself from the potential

7



economic effect of the resulting claims.

Methodology

The approach used in the study was to poll all of

the firms in the industry with three or more employees. On

a mailed questionnaire, each firm was asked to list the

number of employees that were working in each of the listed

noisy areas. The areas selected for the questionnaire were

those which in a previous sound level survey had been found

consistently to produce levels in excess of those con-

sidered safe. This information, combined with literature

available as a result of related studies conducted by

others, provided the basis for this study.

Terminology

Audiogram: A record of hearing ability measured at several

different (usually discrete) frequencies. Industrial

audiograms commonly include measurements of losses at

500 cps, 1000 cps, 2000 cps, 3000 cps, 4000 cps, and

6000 cps. Diagnostic audiograms may include measure-

ments at lower frequencies and at higher frequencies.

Audiometry: The technique of measuring hearing.

Auditory threshold: The minimum sound pressure level to

which a subject can repeat correctly 50% of the words

presented to him.
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Decibel (db): A unit used to express the logarithm of the

ratio of two sound pressures. The sound pressure level
P1

in decibels = 20 log - (P1 re F2). The base from
P2

which the ratio is calculated is the value 0.0002 micro

bar (one micro-bar is one-millionth of atmospheric

pressure) and represents the threshold of audibility

or approximately the lowest sound that a person with

normal hearing can detect.

Caution must be used when applying the decibel

notation. Decibel levels cannot be added arithmet-

ically. As a rule of thumb, a doubling of the sound

pressure level will be represented by an increase of

three decibels, thus, if two noise levels are the

same, together they will produce three decibels more

than either one will produce. If two noise levels

differ by ten decibels or more, the two noises to-

gether will measure less than one-half decibel more

than the higher level. Secondly, sound pressure

levels and loudness do not correspond. Generally,

loudness doubles with a ten decibel increase in

sound pressure level. This is, however, only an

approximation.

Frequency: The number of repetitions of a pattern or an

event that occur in a unit of time usually expressed

in cycles per second (cps).

Noise: Any unwanted sound.
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Noise-induced hearing loss: The term usually restricted to

mean the slowly progressive inner ear hearing loss

that results from exposure to continuous noise over a

long period of time.

Octave band: That group of frequencies with a specified

lower frequency and an upper frequency equal to twice

the lower, e.g., 150 cps to 300 cps, and 1200 cps to

2400 cps.

Presbycusis: The normal physiologic loss of hearing that

occurs with advancing age.



CHAPTER 2

HEARING LOSS

Noise-induced hearing loss

In its beginning stages, noise-induced hearing loss

is reversible; that is, if the individual is removed from

the noisy environment, his hearing will gradually improve

until it reaches the pre-exposure level. If a worker is

exposed for a week, he will recover after a weekend away

from work. If this procedure is repeated for many weeks

and months, there will come a time when even after a week-

end of rest, the worker's hearing at the affected fre-

quencies will not quite return to normal. He will continue

to experience this temporary threshold shift, but his

permanent hearing ability will decrease in the 400 cps fre-

quency. With continued exposure, the permanent hearing

loss will spread to the lower frequencies.

Noise-induced hearing loss is particularly insidious

because it can occur without the affected man being aware

that his hearing is being damaged. Noise does not become

uncomfortably loud for most people until it reaches a

level of 120 decibels, and it does not produce pain until

the level is 140 decibels. However, levels much lower

will cause hearing loss. The first loss is found in the

frequencies above the speech range, 500 cps to 2000 cps,

11
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so that it goes unnoticed by the individual until permanent

damage has been done (26, P. 232). A second difficulty is

that often workmen feel that they become used to the noise,

and that it no longer bothers them. What has actually

happened is that the man has experienced a temporary

threshold shift and his ears are no longer as sensitive as

they were.

Dr. Aram Glorig's study at the Wisconsin State

Fair showed that 20% of a group will experience about twice

the hearing loss in the speech frequencies that will be ex-

perienced by the average of the group (30). The Z24-X-2

commiitee has shown that 25 years of exposure to noise with a

95 decibel sound pressure level in each octave band, will

prcxluce anaveragecorrected hearing loss of 15 decibels. This

is not considered a handicap. However, the 20% with highly

susceptible ears will experience a loss of 37 decibels which def-

initely is a handicap. Combining this information, an esti-

mate can be formed of the percentage of compensation that

might result from long continued exposure to various noise

levels (See Figure 1, P. 13). It must be kept in mind

that these figures apply only to the 20% of employees who

are highly susceptible to noise exposure. A 35-year old

workman, after ten years of exposure to sound pressure

level in 300 cps to 600 cps octave band of 95 decibels,

will experience a compensable loss amounting to about 12%
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Figure 1. Percentage compensation to which em-
ployees are entitled as a function of
age, years of exposure, and sound level.

"Summary diagrams based on the recommendations

of the Wisconsin medical group and the relation of hearing

loss to noise exposure given in the ASA Z24-X-2 report.

The percentage compensations to be received by the 20%

most susceptible employees as a result of years of con-

tinuous exposure to steady noise is shown as a function

of age of the employee at the time of the claim and the

sound pressure level in the 300 cps to 600 cps octave band"

(30).

13
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of maximum compensation. An employee over 45 years of age

with ten years exposure would receive about 20% of the

maximum compensation. Following any of the exposure con-

tours to the zero compensation point, one can determine the

maximum sound pressure level in the 300 cps to 600 cps

octave band for which nearly all except the highly suscep-

tible employees will be protected. It should be noted,

however, that in actuality, the lines shown are really very

broad. The accuracy of the present information is ex-

tremely limited, but the data do indicate the general area

of hazard. The important thing is that with an adequate

hearing conservation program, there is no need for any

employee to experience a hearing loss. While there is no

test which will single out these susceptible individuals,

these employees can be discovered before they experience a

significant loss of hearing in the speech frequencies.

Use of repeated audiometry will detect losses at frequen-

cies above 2000 cps, and provide an indication that the

employee needs protection or transfer from the noisy

environment before he has experienced a compensable loss.

Presbycusis

A second type of hearing loss is presbycusis

which is the normal physiologic loss of hearing that

accompanies advancing age (31, p. 24-252). There is no
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rule by which the amount of loss of hearing due to presby-

cusis can be accurately determined for any particular

individual, because the rate of speed at which loss of

hearing progresses varies greatly among individuals. A

person 45 years of age might easily have as much hearing

loss as is commonly found in individuals of 75. While the

rate of hearing loss varies widely among individuals, the

manner in which hearing deteriorates is virtually uniform.

As age increases, there is a decrease in the sensitivity

of the ear to the higher frequencies. The hearing con-

tinues to deteriorate and extend into the lower fre-

quencies until it, in normal individuals, includes tones at

1000 cps. Presbycusis seldom involves frequencies below

this.

Presbycusis is particularly important to

industrial deafness because both are characterized by

high-tone hearing loss and neither is distinguishible from

the other during physical examination of the ear (31, p.

24-252). For purposes of compensation, however, it is

important to be able to separate the effects of presby-

ciLisis from the effects of industrial noise exposure. This

unfortunately, an impossible task y the time the

hearing loss has taken place. The best possible method of

distinguishing between the two types of hearing loss is by

routine audiometric testing. If an individual begins to
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show hearing loss, he can then be removed from the noisy

environment. If the hearing loss continues to progress,

the cause is more than likely the result of presbycusis.

Because of the difficulty of distinguishing be-

tween the two types of hearing loss, several states

arbitrarily attribute a fixed amount of a man's hearing

loss to presbycusis. This amount, which increases with the

age of the workman, is deducted from the measured hearing

loss before the amount of the compensation award is com-

puted. Oregon, however, makes no allowance for presbycusis

hence, industry pays the cost of loss of hearing due to

aging.

Malingering

With the advent of noise-induced hearing loss

being accepted as a compensable occupational disease, it

has become profitable for individuals to deliberately

attempt to alter results of hearing tests (31, p.252-255).

Malingerer's primarily fall into two categories: (1) He

who attempts to hide an existing hearing loss when applying

for work so that he will be hired and can later attempt

to cite exposure to on-the-job noise as the cause of his

damaged hearing. (2) The individual who attempts to

exaggerate his loss and, hence, gain additional compen-

sation benefits.



Malingerers can often be detected by performing

three or four separate hearing tests. If the response of

the subject varies significantly in each of these tests,

the tester should suspect that the individual is being

uncooperative.

While some instances of malingering have been

discovered in Oregon, it certainly has not, to date, be-

come a serious problem.

Handicap from hearing loss

Estimates of the magnitude of handicap from

hearing loss are based primarily on the ability of the

individual to engage in conversation. For this reason,

normal hearing has been defined as that area which extends

to 15 decibels below zero on the audiometer. Hence, there

is no handicap until the average loss at 500 cps, 1000 cps,

and 2000 cps is at least 20 decibels. At this point, minor

communication problems arise. The handicapped individual

himself becomes aware of his handicap by the time he has

experienced a 30 decibel average loss. With a loss of 45

decibels, the individual must have help to carry on conver-

sation. From that point, the handicap increases propor-.

tionately until at 5 decibels, the person is totally

incapacitated for communication by speech. While he may

still be able to detect loud sounds, he cannot carry on

17



conversation because the human larynx is unable to maintain

output above 5 decibels (13, p. 139).



CHAPTER 3

WORKMEN'S COMPENSATION LAWS FOR
OCCUPATIONAL HEARING LOSS

The concept of workmen's compensation

Workmen's compensation laws were enacted in

several European countries before the United States took

similar steps in l9O when the Federal Government passed

legislation to protect civilian employees against economic

loss arising out of accidental injuries incurred on the

job. The individual states followed suit until by 1949 all

had enacted compensation legislation. The first step in

compensation laws covered only accidental injuries, but

since, most states have included occupational disease in

their coverage (26, p. 235).
The compensable injuries statute under the Oregon

Workmen's Compensation Law, (ORS 656.152.--l) reads:

"Every workman...whilLe employed by an
employer...who, while so employed,
sustains an accidental injury, or
accidental injury to prosthetic
appliances arising out of and in the
course of his employment and resulting
in his disability, or the beneficiaries
of such workman, if the injury results
in death, are entitled to receive from
the Industrial Accident Fund the sums
specified in (ORS 656.002 to (ORS 656.
590). The repair or replacement of
prosthetic appliances so injured shall
be provided subject to the approval of
the Commission."

19



The Occupational Disease Law statute, (ORS

656.O2) defines occupational disease as:

"(1) Any disease or infection which
arises out of and in the scope
of the employment and to which
an employee is not ordinarily
subjected or exposed other than
during a period of regular actual
employment therein."

Under the compensation system, the workman

relinquishes his right to sue his employer for unlimited

damages for on-the-job injuries or occupational disease

and in return receives, without the necessity of expensive

litigation, compensation for loss of earnings and medical

expenses and specific awards for specific loss of body

functions. The employer in return for protection against

suit for unlimited damages, relinquishes his common law

defenses, namely, assumption of risk, contributory negli

gence, and negligence of a fellow employee. Under such a

system the employee receives compensation for any on-the-job

injury regardless of fault.

Under Oregon law, the employer may reject the

Workmen's Compensation Law and is, therefore, liable for

all injuries caused by the employer's negligence with the

amount of damages per issue to be decided by the jury as

in the usual personal injury case. Even so, the employer

still may not use the usual common law defenses of

assumption of risk, negligence of a fellow employee,

20
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and contributory negligence to defeat the employee's

negligence claim (OHS 656.024). Rejection of the Workmen's

Compensation Law also brings the employer under the

Employer's Liability Law (OHS 654.305 to 654.335). Under

this law, whenever the particular work in which the em-

ployee was engaged at the time of injury involves risk and

danger to the employee, the employer must be able to show

that he used,

. every device, care and precaution
which it is practicable to use for the
protection and safety of life and limb,
limited only by the necessity for pre-
serving the efficiency of the structure,
machine or other apparatus or device, and
without regard to the additional cost of
suitable material or safety appliance and
devices ."

Any violation of the Employer's Liability Law

constitutes negligence. However, under the law, con-

tributory negligence may be proven to mitigate damages.

Compensation for industrial deafness

Until l94, all of the compensation laws re-

quired that the claimant show loss of earnings in order

to qualify for the compensation benefits. At that time,

the New York Court of Appeals established a new principle

by ruling that a claimant was eligible for a compensation

award for noise-induced hearing loss even though he had

not experienced any loss of earnings. Wisconsin took a
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similar stand on the issue in 1950. Since then, other

states, including Oregon, have accepted the principle that

loss of earnings is not always necessary for eligibility

for compensation awards (26, p. 235). This decision proved

to be a bombshell for it immediately made eligible for

compensation, a large number of men who had suffered

partial permanent loss of hearing, but who were still able

to maintain their wage earning status and lead a normal

life. The resulting incentive for a workman to file a

hearing loss claim is readily apparent when one considers

that an individual who has already suffered a hearing loss

can file a claim, risk nothing save possibly a few days

work, and, very likely, collect a few hundred to a few

thousand dollars for his effort.

New York industry, realizing the problems pre-

sented by the decision of the New York Court of Appeals in

l94, holding that an occupational hearing loss would be

compensable even though the employee sustained no wage

loss, acted through the Associated Industries of New York

State Incorporated, to establish a labor-industry committee

to form and present recommendations for a new law regu-

lating benefits for occupational hearing loss (36). The

new law incorporated several features, the most important

of which was a six-month waiting period. This was done

by establishing the last day of a six-month period of
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separation from the employer in whose employment the work-

man was exposed to noise as the date of disablement. This

section of the law has two important aspects: First, while

it does not preclude the payment of the claim, it does

postpone it for a period of six months. This postponement

was intended to help solve the serious problem of the past

accrued liability for which no provisions had been made,

either by employers, insurers, or the insurance rating

structure. A second aspect is that employers with

excessively noisy operations were now able to engage in

noise-control activities without opening the door to an

avalanche of claims because the date of disablement was

tied to the last day of work rather than the last day of

injurious exposure.

The law also places the full liability on the

last employer, but does give him the right to give the

applicant the pre-employment examination, and then to

notify the prior employer that he may later be called upon

to provide reimbursement for the portion of the loss

caused by prior employment. It is apparent that under this

regulation, pre-employment audiometric testing is a

necessity for the employer's self protection.

Oregon Law makes no such provisions. In Oregon,

a man may leave work, go directly to his physician for an

audiometric examination, and upon establishing a loss of
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hearing, file a claim with the State Industrial Accident

Commission. After seeing the physician, he may return to

his job and await the decision of the Commission. Should

they find in his favor, a check will be mailed to hi:rn. He

may continue working, unprotected, at his old job, until

he suffers additional hearing loss, then again file a claim

with the Commission for which he will receive an awa:rd for

any additional hearing loss. Obviously, if the man is able

to see the doctor on his day off, he need not even lose a

day's work in the filing and collection of his claim.

0reon compensation payment schedule

The permanent partial disability definition and

payment schedule (ORS 656.2lL) reads:

"(1) Permanent partial disability means
the loss of either one arm, one hand, one
leg, one foot, loss of hearing in one or
both ears, loss of one eye, one or more
fingers, or any other injury known in
surgery to be permanent partial disa-.
bility

(2) When permanent partial disability
results from an injury, the workman shall
receive 846.50 for each degree stated
against such disability as follows:

...(f) For partial or complete loss of
hearing in one ear, that percentage of
60 degrees which the loss bears to
normal monaural hearing.

(g) For partial or complete loss of
hearing in both ears, that proportion
of 192 degrees which the combined bi-
naural hearing loss bears to normal
combined binaural hearing. For the



purpose of this law2 combined binaural
hearing loss shall be calculated by
taking seven times the hearing loss
in the less damaged ear plus the hear-
ing loss in the more damaged ear and
divid.ing that amount by eight. In
the case of individuals with compen-
sable hearing loss involving both
ears, either the method of calculation
for monaural hearing loss or that for
combined binaural hearing loss shall
be used, depending upon which allows
the greater award of disability."

The rates for monaural and binaural hearing are

as follows:
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Benefits for partial loss of hearing are deter-

mined as follows:

Effective July 1, 1953

One ear: That percentage of 60 degrees which the

loss bears to normal monaural hearing.

Both ears: That percentage of 192 degrees which

the combined binaural hearing loss

Table 1. Permanent partial disability awards
for total loss of hearing (27, p. 130).

Complete Eff. 6-i6--45 Eff. 7-1-51 Eff. 7-1-57
Hearing One Degree One Degree One Degree
Loss Equals $30.00 Equals $45.00 Equals S46.50

Both ears

Eeg Amt0 Deg Amt Deg. Amt,

192 5,760 192 ,64O 192

One ear 4 1,440 60 2,700 60 2,790
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bears to normal combined binaural

hearing.

In both cases, the American Medical Association

method is used to determine the extent of hearing loss (27,

p. 130).

American Medical Association method

The American Medical Association method for

estimating hearing loss for speech makes use of four fre-

quencies, 500 cps, 1000 cps, 2000 cps, and 4000 cps (13,

p. 136-140). At each frequency, the hearing loss is

weighted differently according to an assumed importance in

the hearing and understanding of speech. The weight

assigned to losses at 2000 cps is three times that assigned

to losses at 4000 cps and the weight assigned at 1000 cps

is twice that at 4000 cps. While this method includes the

4000 cps frequency, it does assign that frequency a much

smaller weight than is assigned to the lower frequencies.

This is so because there are numerous reports that indicate

that hearing losses at 4000 cps have little effect upon

ability to understand every-day speech.

Binaural hearing loss is established under the

American Medical Association method by multiplying the loss

in the better ear by seven, adding it to the loss in the

poorer ear and dividing the sum by eight; the result is the
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percentage loss for binaural hearing. The American Medical

Association method was last revised in 1947. Studies since

that time have indicated that monaural loss of hearing is

more serious than the original ten percent handicap that

it was believed to cause.

There are several methods for calculating percent

disability, most of which vary widely. The calculation of

the percent disability for one individual's hearing loss by

three different methods, demonstrates the variation between

methods. While the American Medical Association method

used by Oregon would allow the individual ten percent bi-

naural disability, the California method would allow him

22 percent disability, and the Wisconsin method, zero

disability (13, p. 13).



CHAPTER 4

NOISE PROBLEM IN THE OREGON FOREST PRODUCTS INDUSTRY

In an attempt to determine the number of workmen

in the Oregon forest products industries who are working in

areas with sufficient sound levels to cause hearing loss,

questionnaires were mailed to 1,495 firms in the industry.

The mailing list was made up from the 1964 Directory of

Manufacturers and Buyers Guide, printed by the Department

of Planning and Development, State of Oregon, and included

all firms with three or more employees. The list included:

logging, sawmills and planing mills, hardwood dimension and

flooring mills, special products sawmills, mill work

plants, veneer and plywood plants, pre-fabricated wooden

buildings and structural members, nailed and lock-corner

wooden boxes, wire-bound boxes and crates, veneer and

plywood containers, cooperage, wood preserving, miscel-

laneous wood products, non-upholstered wood household

furniture, pulp mills, paper mills, paperboard mills, paper

coating and glazing, paper bags, die-cut paper and paper-

board, pressed and molded pulp goods, sanitary paper

products, folding paperboard boxes, set-up paperboard

boxes, corrugated and solid fiber boxes, sanitary food

containers, fiber cans, tubes, drums, and similar

products, building paper and building board mills.

2
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It was felt that if the recipients of the

questionnaire1were aware of the problem and of the intent

of the study, they would be more willing to return it with

the requested information. For this reason, the cover

letter first explained that the purpose of the study was

to determine the potential cost of noise-induced hearing

loss in the forest products industry, and then to present

methods of combating the problem0 Because knowledge of the

seriousness of the noise-induced hearing loss problem is

not widespread throughout the industry, considerable

detail was included as to the areas in the industry in

which noise problems existS There was also a brief ex-

planation as to the noise exposure that will result in

hearing loss and the possible resulting compensation.

Finally, the necessity for the requested information was

explained. Care was taken to insure the recipient that

any information that he might supply would be used only for

this study and would be held completely confidential. The

intent of this statement was to ease the reluctance of some

The J,i95 forms were distributed as follows:

Logging 760

Sawmills and Planing Mills 512

Veneer and Plywood 105

Specialty Mills

Pulp and Paper Mills 31



to reply.

The first questions in the form required a simple

"yes" or ?O? answer and were designed to determine the

present status of hearing conservation programs in the

industry. These questions inquired as to the existence of

a sound level survey, the use of ear protection, require-

ment of pre-employment physical, and the use of audiometric

testing. The fifth question was intended to determine the

extent of various type workmen's compensation programs,

namely, State Industrial Accident Commission, private

insurance companies, and self-insurance.

In the remainder of the questionnaire, the forest

products industry was divided into the following broad

categories: logging, sawmill and stud mill, planing and

molding, plywood and veneer, and pulp, paper, and con-

tainer. Under each category were listed those machines

and corresponding job stations that had been found to be

hazardous to hearing. Opposite each station was a blank

in which the recipient was requested to write the total

number of men in his operation who worked at that job.

Determination of hazardous work areas

The selection of the job stations as potentially

hazardous areas was based primarily upon the results of a

sound level survey conducted by the author for a major

30



31

national forest products firm.

There are four major factors of noise-exposure

that are important to the production of hearing loss (15,

p. 456). They are:

The over-all noise level

The frequency composition of the noise

The duration and time distribution of the

noise-exposure during a typical work day

The total duration of noise-exposure during

an expected work life

The survey included the determination of each of

these factors for all of the work stations in all of the

firm's west coast plants. It involved operations in

Washington, Oregon, and California, and included nearly

every phase of the industry and every size of operation

from a six-man highly automated stud mill to a 900 man

complex that included the manufacture of paper, paper bags,

plywood, and surfaced lumber. Timber harvesting operations

that included falling, bucking, yarding and hauling, were

studied as well as the manufacturing operations. The

survey included the following numbers of the various

operations:

Pulp and Paper 4 Stud and Sawmills 7

Container Plants 4 Planing Mills 4

Plywood 15 Woods Operations 6
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Operations that were found to be excessively noisy in one

plant, were generally noisy throughout the plants surveyed.

The location or type of timber being processed did not seem

to make any substantial difference in the noise level.

Neither did the age of the plant seem to make a difference.

Usually any noise reduction gained by the smoothness of

operation of new equipment was lost by the greater speed

of the equipment.

The greatest significant difference between

plants was the position of the operator with relation to

the machine that he operated. This was particularly true

of chippers which all produce sound levels well in excess

of the most liberally estimated safe levels. The exposure

levels of chipper tenders, however, varied from safe to

highly hazardous levels. The reasons for differences in

exposure were the distance of the work station from the

chipper and the amount of time per day spent at the work

station. Some equipment required continuous attention

while others only minutes per day. These variations were

not so different for most other machines though, because

the position of the work station relative to the machines

and the attention required, were fairly standard.

Sound level survey

There are three basic types of noise studies that
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can be made with presently available equipment. The first

type is a simple screening survey which is done with a

sound level meter. Such a survey can be made rapidly and

is generally used to locate particularly noisy areas and

provide a basis for determining the necessity of a more

detailed study. The second type study involves the use of

a noise analyzer to determine the frequency distribution

of the noise. In industrial work, this is usually

accomplished with an octave band analyzer. Knowing the

frequency distribution of the noise is equally as important

as knowing the intensity for hearing conservation programs.

The third type study involves not only the first two,

measurement and analyses, but also detailed tape recordings

for subsequent laboratory study. A study of this type is

used to determine exact nature of noise sources and such

features as power and directionality, which are needed in

noise control work (31, p. 96).

The sound survey on which this study was based

involved the first two types of noise studies. A sound

level survey was conducted at every work station through-

out each of the plants. An octave band analysis was

conducted at those stations at which the over-all level was

so high as to warrant sound analysis. The primary aim of

the survey was to determine which of the employees were

being exposed to hazardous sound levels and were in need
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of ear protection. A second aim was, whenever possible, to

recommend simple inexpensive methods of reducing the noise

level. However, in most situations, such a task was very

complicated and would have required the efforts of an

acoustical engineer.

The study was conducted with an Industrial

Acoustics Company sound level meter and octave band

analyzer. Because of the compactness and light weight of

the unit, it was possible, in nearly every situation, to

make measurements directly besides the operator. For

sound level measurements to be of any value, it is

imperative that such measurements be made as near the

operator's ear as is possible, because for hearing con-

servation work, it is the sound pressure that reaches the

ear that is of importance.

The sound level meter measured the total sound

pressure level in the 37.5 to 9600 cps range. Such a

meter does not provide information as to the frequency

distribution of the sound, but it does provide the survey

technician with a simple rapid indication as to the

necessity of a more complete analysis. Generally, an

over-all sound level of 90 decibels indicates that a

frequency distribution analysis is necessary. The more

complete analysis was accomplished with the octave band

analyzer which measured sound levels in each of the



octave bands from 37.5 to 9600 cps. The octave band

analysis was necessary because frequencies above 300 cps

are more damaging to the ear than the lower frequencies.

The following are the octave band analyses of

two work stations each having an over-all sound pressure

level of 95 decibels:
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Lathe
Operator 91 9 4 2 3 7 70 95

Planer 7
79 7 90 6 7 71 95

Offbearer

A brief perusal of the data shows that the lathe

operator was working in a safe area because the sound

level above 300 cps did not reach 5 decibels in any

octave band. The planer offbearer, on the other hand, was

exposed to the same over-all pressure level, but was

working in a hazardous area because the octave bands 300

to 600 cps, 600 to 1200 cps, and 1200 to 2400 cps, were

all above 5 decibels. As can readily be seen from this

example, a simple measurement of the over-all sound pres-

sure level will not provide satisfactory information as to

the hazard that a job presents to hearing.

Work Octave Band

Station -----cps-----

37.5 75 150 300 600 1200 2400 4OO Over
75 150 300 600 1200 2400 4OO 9600 All
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In addition to measuring the sound level and performing

an octave band analysis, determination of hazardous

exposure also requires an estimate of the exposure time.

In most cases, this determination involved an on-the-spot

estimate by the survey technician, the workman himself, or

his foreman.

The results of the survey are summarized in

Table 2, which shows the various work stations, and for

each, the average of the highest sound pressure levels

above 300 cps.

With the mailed questionnaire, the most difficult

problem was how to include only those men who work close

enough to their equipment to be exposed to hazardous noise

levels without actually conducting a sound level survey of

every operation. This problem was handled by defining in

layman's terms what was intended by continuous exposure to

hazardous noise. The following explanation was included in

the questionnaire:

"Generally speaking, noise can be con-
sidered to be excessive if conversa-
tion at a distance of one or two feet
must be carried on by shouting. The
machines listed have been shown in a
number of sound level surveys to be
excessively noisy for the operator when
the work station is near by. For each
operation, please record the total
number of men throughout your plant who
work continuously, that is, six or more
hours per day, five days per week, ten
or more months per year, in a noisy
environment."



AVERAGE OF THE
HIGHEST DECIBEL

HAZARDOUS READINGS ABOVE
EQUIPMENT JOB STATIONS 300 CPS

Logging

Log loader Operator 97

Yarder Operator 106

Crawler tractor Operator 97

Log truck Driver

Make

Cummins 100
GMC 90
Mack

Power saw Faller 107
Bucker 107

Sawmill and Stud Mill

Headrig Sawyer 92
Tail sawyer 92

Gang saw Sawyer 90
Offbearer 94

Edger Edgerman 94
Offbearer 93

Resaw Sawyer
Offbearer 90

Trimsaw Trimmerman 93
Straightener 92

Scragg Mill Sawyer 90

Chipper Tender 103
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Table 2. Results of the sound level survey of
West Coast forest products operations,
1963.



Table 2. (Cont'd)

AVERAGE OF THE
HIGHEST DECIBEL
READINGS ABOVE

EQUIPMENT JOB STATION 300 CPS

Planing and Molding

Planer Feeder 99
Lumber straightener 96
Grader 92
Offbearer 93

Surfacer Feeder 102
Grader 103
Offbearer 104

Molder Feeder
Grader 101
Offbearer 91

Chipper Tender 103

Plywood and Veneer

Taper jointer Offbearer 91

Machine groover Feeder 95

V-groover Feeder 90

Skinner saw Breakdown man

Cutoff saw Feeder 91

Chipper Tender 103

Pulp, paper and container

Paper machine Wet end 95
Jordans 91

Winder Operator 96

Bag machine Operator

Chipper Tender 104



Table 2. (Cont'd)

AVERAGE OF THE
HIGHEST DECIBEL
READINGS ABOVE

EQUIPMENT JOB STATION 300 CPS

Pulp1 paper and container

Corrugator Single facer 97
Double backer 97

Slitter Operator 93

High speed press Operator 95

Hogger Feeder 103

39
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"If a sound level survey has been con-
ducted throughout your operations,
please include only those work
stations at which ear protection was
recommended as a result of the survey."

This approach was not so subjective as it may

at first appear because each of the job stations listed in

the questionnaire was known to be excessively noisy in most

situations. The subjectiveness was introduced to compen-

sate for the exceptional situations.

Results of survey

Of the 1,495 questionnaires mailed, 21 were

returned marked "insufficient address". Of the remaining

1,474 that reached their destinations, 45 were returned.

Of these, 22 firms reported that they were no longer in

the forest products industry, three stated that they were

unable to supply the requested information, 460 completed

the questionnaires, but 95 claimed that they had no noise

problem.

Most of those who replied simply filled in the

blanks as requested. A few, however, enclosed short notes

which expressed various reactions to the study and to the

whole concept of noise-induced hearing loss. The following

are some of the notes:

"We have no deafness nor hard-of-hearing
cases in our mill manufacturing red cedar
shingles. The employees might as well be
deaf as they won't listen to you. Most



of the shingle-weavers die at about
67. They retire at 65 and try to
drink the same amount of whiskey
they have been accustomed to. With
no exercise, the whiskey gets them
before they get old enough to get
deaf. I hope this note will explain
why I have not filled in your question-
naire."

"Probably the results of thiswill be some-
thing to prevent hearing loss, but will
result in triple life loss because em-
ployees will be wearing aids to prevent
loss of hearing; therefore, won't be
alerted to dangers around them and will
be dead as a result."

"We are returning your questionnaire
completed as requested, also a photo
copy of our noise level measurements of
the plant.

We have a well established hearing
conservation program that requires all
new employees to have hearing measure-
ments made before starting to work.
All employees who work in areas where
the decibel measurement is 5 decibels
or higher are required to wear ear
plugs. Many of the employees other
than the ones exposed to this fre-
quency, are now wearing ear plugs
on a voluntary basis. This we
encourage.

If you need further information that
we can supply, feel free to request it."

"1 look forward with interest to your
study and wish to have a copy of it when
completed. Listed you will find names
of people skilled in noise research and
industrial hearing programs which may
be of some help to you ....

As I know the last four personally and
have had lectures and correspondence with
Dr. Glorig and Roger B. Maas on personal
basis, you may use my name as the

4.1



TOTAL NUMBER OF MEN
EQUIPMENT JOB STATION EXPOSED TO NOISE

Logging

Log loader Operator 253

Yarder Operator 63

Crawler tractor Operator 556

Log truck Driver

Make

Cummins 417
GMC 96
Mack 74
International 31
White 11

Power saw Faller 47
Bucker 429

Sawmill and Stud Mill

I-ieadrig Sawyer 141
Tail sawyer
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suggester of your inquiry."

The replies represented3l.21% of the total

number of questionnaires mailed. The firms that replied

employ a total of 23,000 workmen. The 1963 Census lists

75,700 employees in the Oregon forest products industry.

Thus, the data in the survey covers 30.3g% of the work

force. The following table shows number of men in each of

the job stations:

Table 3. Number of men in sample that were
working at each of the hazardous work
stations, 1964.



Table 3. (Cont,'d)

TOTAL NUMBER OF MEN
EQUIPMENT JOB STATION EXPOSED TO NOISE

Sawmill and Stud Mill

Gang saw Sawyer 70
Offbearer 36

Edger Edgerman 145
Offbearer

Resaw Sawyer
Offbearer 70

Trimsaw Trimmerman l3
Straightener 55

Scragg mill Sawyer 7
Offbearer 2

Chipper Tender 64

Plywood and Veneer

Taper jointer Offbearer 32

Machine groover Feeder 26

V-groover Feeder 6

Skinner saw Breakdown man 34

Cutoff saw Feeder 42

Chipper Tender 33

Pulp paper and container

Paper machine Wet end 23

Winder Operator 7
Helper 6

Bag machine Operator 10

Chipper Tender 1
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Surfacer

Molder

Table 3. (Contd)

TOTAL NUMBER OF MEN
EQUIPMENT JOB STATION EXPOSED TO NOISE

Pu1 paper and container

Corrugator Single facer 6
Double backer 6

Slitter Operator 11

High speed press Operator 0

Other 15

P1 ani n and Mol di np

Planer Feeder 151
Lumber straightener 50
Grader 129
Offbearer 137

Feeder 2

Grader 7
Offbearer 16

Feeder 97
Grader 55
Offbearer 66

Chipper Tender 24

44
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Table 4 displays the job stations categorized by

the average sound pressure level as determined from the

survey. Each group is of a five decibel range, except the

last group which covers ten decibels. The table also shows

the number of men in each job station as well as the total

number of men in each group. It can readily be seen that

there are some 4,173 men working in areas with noise levels

above 5 decibels in the frequencies above 300 cps. This

represents l.l3% of the work force.

Table 4. Hazardous work stations and for each,
the number of men which the sample
indicated were so employed, categor-
ized by sound level.

WORK STATION NO. OF MEN

Decibel range -

Mack truck 74

Resaw sawyer

Skinner saw 34

Bag machine 10

TOTAL 200

Decibel range -

GMC truck 96

Headrig
Sawyer 141
Tail sawyer

Gang saw
Sawyer 70
Offbearer 36



Table 4. (Cont'd)

WORK STATION NO. OF MEN

Decibel range - 9O-

Edger
Edgerman 145
Offbearer

Re saw
Offbearer 40

Trims aw
Trimmerman l3
Straightener 55

Scragg mill
Sawyr
Offbearer

Planer
Grader
Of fb eare r

7
2

129
137
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Molder
Offbearer 66

Taper jointer 32

V-groover 6

Cutoff saw 42

Jordans 0

Slitter 11

TOTAL 1,324

Decibel range -

Log loader 253

Crawler tractor 556

Planer
Feeder 151
Straightener 50



Table 4. (Cont'd)

WORK STATION NO. OF MEN

Decibel range - 95-99

Machine groover 26

Paper machine
Wet end 23

Winder operator 7
Helper 6

Co r ruga to r

Single facer 6
Double backer 6

Press 0

TOTAL

Decibel range - 100-110

Yarder 63

Cummins truck 417

Faller 47

Bucker 429

Chipper 122

Surfacer
Feeder 2
Grader 7
Offbearer 16

Hogger

TOTAL 1,565

GRAND TOTAL 4,173
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Shown below is the tabulation of the replies to

the questions on the first page of the questionnaire:

Of the 463 firms, 11.44% have had sound level

surveys, l7.2% use ear protection, and 6.26% include

audiometric testing in the pre-employment physical.

Have you had a complete sound level
survery conducted in your opera-
tions? Yes 53 No 410

Do you use any form of employee ear
protection such as ear plugs, ear
muffs, or acoustical enclosures?
(Do not include the use of cotton) Yes E0 No ,33

Do you require a pre-employment
physical? Yes 62 No 401

If so, do you include an audio-
metric test in the physical? Yes No 434



CHAPTER 5

POTENTIAL COST OF HEARING LOSS

Computation of potential cost

Table 5, page 50, presents the age breakdown of

the male population employees in the forest products

industry.

To compute the amount of hearing loss in the

industry, it was necessary to know the number of men ex-

posed to various noise levels, the ages of the men, and the

years of exposure. Table 5 provided the necessary age

information, and the survey conducted for this study pro-

vided the number of men exposed to various noise levels.

No information was found to permit determination

of the years of exposure; however, it should not be diffi-

cult to make some conservative, yet reasonable, estimates.

Noting from Table 5 that the number of workmen more than

triples from age group 14 to 19 to group 20 to 24, it seems

readily apparent that most workers start work during the

early twenties. Assumption of the age group 20 to 24 as

the starting age readily permits the assumption that a

worker in the 30 to 34 age group will have had ten years

of exposure and in the 40 to 44 group, twenty years of

exposure.

s noted previously, this survey represented
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Table 5. Age of employed male persons, by industry, in the State of
Oregon, 1960 (37,p. 39--294).

Total
Over

Industry 14
14 20 25
19 24 29

AGE
35 45 55 60 65
44 54 59 64 Over

30
34

Logging l4,93 345 1,116 1,659 1,991 4,342 3,709 933 560 23

Sawmill,
Planing and
Miscellaneous 54,654 1,90 6,214 6,17 6,30 12,91012,536 4,434 2,l9 1,266

Paper and
Allied
Products 6,210 72 544 26 79 l,60 1,441 49 293

Total 75,757 2,397 7,74 ,672 917 l60 17 76 5,56 3,672 1,562
Percent of
Total 100% 3.17 10.39 11.43 12.11 24.91 23.46 7.74 4.5 2.06
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30.3% of the industry labor force. The total number of

men throughout the industry exposed to the sound levels in

Table 4, can be determined by dividing each total listed

in the table by the above percentage. The results of the

calculations are as follows:

Decibel Total number Number of susceptible
Range of men individuals

The last column represents that 20% of the work force with

highly susceptible ears.

Combining the information from Table 5 and the

above figures, the number of men with 10, 15, 20, and 25

or more years of exposure to the various noise levels

that might reasonably be expected to suffer hearing loss

can be determined. Table 6 indicates the number of men

with susceptible ears with the stated years of exposure to

the sound level at the head of each column. In each case,

the number of men was computed by multiplying the number

of susceptible individuals working in each sound level by

the percentage of the work force that is in the appropriate

age group,

The percentage of compensable hearing loss for

each given number of years exposure to a given sound level

131

90-94 4,360 72

95-99 3,570 714

100-110 5,150 1,030



Table 6. Number of men, estimated present com-
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pensable hearing loss and cost of loss
by years of exposure and sound level.

DECIBEL RANGE

5-99 90-94 95-99 100-110

16 106 125

0% 5% 10% 30%

0 47,276 $77,691 334, 75

16 109 12

7% 15% 27% 40%

10,000 145,951 214, 579 457,216

20 years experience

Number of men 16 109 l2

% compensable loss 13% 20% 32% 45%

Cost of loss l,560 196,674 $254,095 514,304

25 years experience

Number of men 50 332 272 392

% compensable loss 15% 23% 35% 50%

Cost of loss 66,950 60,00o g5o, 000 1, 74,320

10 years experience

Number of men

% compensable loss

Cost of loss

15 years experience

Number of men

% compensable loss

Cost of loss
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was taken from Figure 1. The maximum compensation for

hearing loss in Oregon is $,92 (27, p. 130). The cost of

the hearing loss was computed in each case by multiplying

$,92 by the estimated percent of compensable loss and

that figure by the corresponding number of men.

Summing these cost figures gives an estimated

total potential cost of noise-induced hearing loss in the

Oregon forest products industry of $5,600,000. This

figure must be considered conservative because it does not

take into account the untold hearing loss that will be

experienced by the remaining o% of the workmen; those who

are working in hazardous areas, and who will experience

lesser degrees of compensable loss than these individuals

with highly sensitive ears. Neither does it consider the

cost of medical examinations and the litigation that would

accompany each of these claims. It should be emphasized,

also, that this estimate represents the cost that has

accrued to date, and is by no means the yearly cost of

hearinr loss.

Assuming an average wage in the industry of 82.50

per hour, the total annual wage would be 400 million

dollars. By comparison, it can be seen that if all the

possible claims were filed in a single year, the cost

would be between one and two percent oftI.eannualwagecost.



CHAPTER 6

HEARING CONSERVATION

Need for hearing conservation

Audiometric surveys conducted in Wisconsin in-

dicated that five to ten percent of the children had some

hearing loss, and that three percent were in need of some

medical attention for their hearing (6, p. 37-39). In the

47 states having schools for the deaf, there are some

100,000 children attending these schools. In 1956, the

Veterans Administration reported that it was spending S6O

million per year for 90,000 veterans with service-connected

hearing losses. An otologist has estimated that between

$ and 10 million people throughout the United States need

hearing aids. These facts tend to illustrate the magni-

tude of the deafness problem, and point out that indus-

trial noise is not responsible for all of the hearing loss

that exists. A large number of these people are, however,

prospective employees, and in the absence of pre-employment

audiometric testing, industry will, more than likely, be

held liable for the accumulated hearing losses for there

will be no way of determining what share, if any, of the

loss is attributable to industrial noise.

Nothing can be done about the permanent hearing

loss that has already taken place. The advent of future
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noiseinduced hearing loss, however, can be completely

eliminated provided that management will recognize the

problem and take immediate constructive steps to control

it.

Hearing conservation program

There are several easily recognized indications

that a hearing conservation program should be seriously

considered. Three indicators are: (1) If there are

areas in the plant where workmen experience difficulty

communicating by speech because of the noise; (2) workmen

begin to complain about head noises or ringing in the ears

several hours after working in noise, or; (3) men complain

about not hearing well for several hours after work. If

any of these factors are present, arrangements should be

made to have a sound level survey conducted. This is the

first step of any hearing conservation program, and will

provide accurate information as to the necessity of

entering into an extensive program. Analysis of noise

exposure should contain these four factors:

Measurement of the over-all sound level

Analysis of the composition of the noise

3, Determination of the duration and the dis-

tribution of exposure during a typical work

day, and
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L. Exposure time expected during a man!s work

life.

The second phase of a hearing conservation pro-

gram involves the control of noise exposure. Figure 2

shows the recommended allowable exposures for the various

octave bands and sound levels. Control of noise exposure

falls into two categories. The first is environmental con-

trol which can be accomplished by reducing the amount of

noise emitted from the noise source by directly quieting

the machine or by enclosing it in an acoustical structure.

The second method of environmental control is that of

revising the operation by using a different and quieter

process. As opposed to environmental control, noise ex-

posure may also be reduced by employing personal protection

which usually takes the form of ear protectors to be worn

by the workman or an acoustical booth in which he can work.

The third and most important phase of hearing

conservation involves the measurement of hearing. This

phase involves pre-employment testing, then regular

periodic follow-up tests. The pre-employment test, if

properly conducted, provides records which can protect

the employer from liability for pre-existing hearing

losses, and also provides a reference level from which to

determine if an employee is suffering progressive on-the-

job hearing loss. To be of value, the audiometric testing
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Figure 2. Sound levels at which ear protection is
recommended or mandatory by octave bands and
exposure time (43, p 3d).
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program must be conducted by properly trained technicians

using acceptable techniques and equipment that meets the

requirements of the American Standards Association.

Once management has been sold on a hearing

conservation program, the major problem and a key to

success in any hearing conservation program, is gaining the

cooperation of each employee.

Economic feasibility of a hearing conservation program

In view of the estimated cost of industrial hear-

ing loss, is the expense of a hearing conservation program

warranted?

The cost of a conservation program need not be

great. The services of a noise analyst are available to

firms free of charge from at least two state agencies.

Ear defenders can be purchased for as little as 1.50 per

pair, and audiometric tests are no more than 5 per test.

It is relatively easy for the employer who is

self-insured to determine the advisability of a conser-

vation program, because he need only compare the cost of

expected hearing loss claims with the cost of the proposed

program. This is so because self-insurance means, as it

implies, that the firm pays the total cost of any injury

suffered by its workmen.

The decision is more complicated for the firm

that has accepted the Oregon Workmen's Compensation Law.



Under this Law (ORS 656.504) to (656.590), the employer

pays a rate based upon the hazard of the occupation, and

his accident experience rating. The base rates for tho

industry are as follows:

(2) The rate of contribution, for each
fiscal year, of an employer who is en-
titled to an experience rating shall be
based on the contributions and fees paid
into the Industrial Accident Fund by
the employer, not including money re-
tained from workmenTs wages, and the
experience of the employer during the
period the employer has been subject to
ORS 656.002 to 656.590,...

(a) If the total amount paid out of
the Industrial Accident Fund or set
apart therefrom, and chargeable to
the experience of an employer as pro-
vided by ORS 656.002 to 656.590, on
account of injuries sustained by the
workmen of an employer, together with
all costs incidental to such claims,
is less than 10 percent of the con-
tribution paid into the fund by the
employer, not including moneys
retained from the workmenTs wages,
the rate of contribution of the
employer during the following fiscal
year shall be reduced by 65 percent of
the base rate promulgated by the
Commission.
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INDUSTRY
RATE PER $100
OF PAYROLL

Logging 16.00

Sawmill .10

Plywood 3 .60

Pulp and Paper 2.35
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Where such amount is 10% and less
than 25% of the contributions, the rate
shall be reduced by 60%.

Where such amount is 25% and less
than 30% of the contributions, the rate
shall be reduced by 55%... (ORS 656.510)'

The rate continues to increase until such amount

is 110% or more of the contribution. The rate is then in-

creased by 30% of base. As can readily be shown by the

following example, any compensation claims directly

effect the cost of compensation insurance.

A sawmill with 100 employees at an average

hourly wage of 32.50, would have an annual payroll of

3500,000. The first fiscal year's contribution to In-

dustrial Accident Fund would be $40,500. Assuming paid

losses in the first calendar year amounting to less than

io% of 840,500, or $4,050, the second fiscal year contri-

bution would be 65% less than the base, or l4,l75. If

the firm should, however, experience hearing loss claims

in which the chargeable claim costs were $4,464, 50%

of maximum compensation for binaural loss, the second

year contribution would be 6O less than base, or $16,200,

an increase of $2,025.

Thus, it is definitely in an employer's own

interest to minimize the number of injuries in his oper-

ation and, hence, the amount of compensation paid to

workers. If the employer in the above example were to
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provide pre-employment audiometric testing of every

employee at 35 per test, and ear defenders for each man

at $1.50 per individual, the cost would be 3650.00, a

figure well below the amount that one hearing loss claim

could cost.
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CHAPTER 7

SU1V11VIARY AND CONCLUSIONS

Since l94 when New York declared on-the-job

noise-induced hearing loss compensable, there has been much

concern throughout the nation as to what would be the

ultimate cost of this decision. Estimates that have been

made for the nation as a whole, have been in excess of

700 million dollars as of 1954.

While Oregon industry does have a noise problem,

there have not been a large number of hearing loss claims.

From l95 to 1962, there were only 26 such claims filed

with the State Industrial Accident Commission.

A survey of the forest products industry has

shown that 30.3% of the work force were working in a:reas

where the noise level was high enough to cause partial

permanent hearing loss.

This percentage was based upon a sample of 31.2%

of the firms in Oregon having three or more employees. The

sample consisted of a cross section of the industry and in-

cluded logging operations, sawmills, planing mills, :plywood

mills, pulp and paper mills, and speciality products plants.

Previous studies have determined that 20% of

the nation's population have ears that are highly suscep-

tible to noise-induced hearing loss. For this 20%,
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estimates have been made of the hearing loss, expressed

in terms ofpercent compensation, that can be expected as

a function of age, sound level, and years of exposure.

The 1960 census has provided a breakdown of the

Oregon working population by age group, industry, and

sex.

Combining this information, it was possible to

arrive at an estimated potential cost of noise-induced

hearing loss. The figure, 5.6 million dollars, repre-

sents that potential cost which has accrued to date. It

is not, a yearly cost. However, if nothing is done to

curb industrial deafness, the potential cost will probably

continue to rise.

While 35.6 million dollars is a large sum of

money, it sounds less significant when compared to an

estimate of the total annual payroll. It amounts to

between one and two percent of the payroll of the Oregon forest

products industry, assuming an average wage of 2.50 per

hour.

The survey showed that 11.4% of the firms

sampled have had sound level surveys, 17.3% have em-

ployees using ear protection, and 6.3% include audio-

metric testing in the pre-employment physical. These

firms have recognized the problem and have taken pre-

ventative action.
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It is true that these measures will have no

effect upon the hearing loss that has already taken place,

but they will, if properly conducted, prevent continuation

of the problem. With a properly instituted program,

industrial hearing loss can be completely eliminated.

The cost of such a program would be less than the poten-

tial cost of hearing loss claims. Even when a firm is

covered by State Workmen's Compensation, the cost of

increased contribution to the Industrial Accident Fund

directly resulting from such claims, may be more than the

cost of a hearing conservation program0 There is, also,

a certain unknown benefit to be gained by the employer in

terms of improved employee and public relations.

The industrial hearing loss problem in the Oregon

forest products industry, while not a keg of powder about

to explode in management's face, is certainly a problem

worthy of the consideration of management. It is a

problem which can be handled if appropriate steps are

taken. The steps which are presently available to

management, cost less than the potential cost of hearing

loss claims. In view of these facts, it would seem that

the reasonable approach for management, from an alternative

cost point of view, as well as from the humanitarian view-

point, is to engage in hearing conservation practices.
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OREGON STATE UNIVERSITY Corvallis, Oregon 97331

School of Agriculture and Reply to: Department of
Acricultural Experiment Station Agricultural Economics

203 Extension Hall
July 14, 1964

Dear Sir:

I am a graduate student at Oregon State University majoring
in Agricultural Economics with a minor in Industrial
Engineering. In preparation of my thesis I am conducting
a study to determine the potential cost of noiseinduced
hearing loss claims in the Oregon forest products industry,
then to investigate methods of reducing hearing loss in
the industry and to compare alternative methods by which
firms can protect themselves from the direct financial
effect of such claims.

For such a study to be of value it is necessary to obtain
basic information directly from you in the industry
Therefore, I am asking your cooperation in completing the
questions on the enclosed questionnaire.

In a number of areas in the forest products industry work-
men are exposed to noise of such intensity that contin
uous exposure will cause at least partial, permanent loss
of hearing. Such areas are those near planers, chippers,
edgers, headrigs, tractors, power saws, log loaders, paper
machines, and corrugators, In fact, nearly every phase of
forest products processing has one or more areas in which
the noise level is hazardous.

Whether or not an individual will suffer a hearing loss
depends on the sensitivity of his ears, on the intensity
and frequency of the noise and upon the length of ex
posure. It is generally felt by authorities that for the
average individual several years of exposure to continuous
noise levels in excess of 5 decibels will result in
partial, permanent hearing loss.

Presently, in Oregon, as in many other states, noise
induced hearing loss is a compensable injury The amount
allotted a claimant depends upon the extent of the hearing
loss, and may be as high as S,6OO for total deafness.

The tabulation of the replies to the enclosed questionnaire
will provide information as to the number of workers in
the Oregon forest products industry who are working in
areas where the noise level is so high that it is known
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to be damaging to the human ear. This information will
provide a basis for making an estimate of the amount of
hearing loss to be expected throughout the industry0

The information that you supply will not be given to any
other agency, firm, or individual, and will not be
published except as it contributes to totals and averages
which are computed from the compiled data.

With your cooperation, this study can be valuable and
realistic. Not only will it contribute to general knowl
edge, but also it should provide information that will
assist you in your efforts to combat the increasingly
important industrial noise problem. I hope you can find
time to return the questionnaire by July 24.

Your cooperation is necessary in order to provide infor
mation for a meaningful study and will be greatly
appreciated.

Sincerely yours,

CARL S. JACOBSON
Research Assistant
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HEARING CONSERVATION

Have you had a complete sound level survey
conducted in your operations: Yes No

Do you use any form of employee ear pro-
tection such as ear plugs, ear muffs,
or acoustical enclosures? (Do not
include the use of cotton.)

Do you require a pre-employment physical? Yes No

If so, do you include an audiometric test
in the physical? Yes No

What type of workmenTs compensation pro-
gram do you have:

State Industrial Accident Commission

Private insurance company

Self-insured

Yes No
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Generally speaking, noise can be considered to be excessive
if conversation at a distance of one or two feet must be
carried on by shouting. The machines listed have been
shown in a number of sound level surveys to be excessively
noisy for the operator when the work station is nearby0

For each operation, please record the total number of men
throughout your plant who work continuously, that is, six
or more hours per day, five days per week, ten or more
months per year, in a noisy environment.

If you are the owner and also work at one of the jobs, do
not include yourself.

If a sound level survey has been conducted throug your
operations, please include only those work stations at
which ear protection was recommended as a result of the
survey.

If there are no employees in your operation that are work-
ing in excessively noisy areas, please write '7NONE" at the
bottom of this page and return the questionnaire.



TOTAL NUMBER OF MEN
EQUIPMENT JOB STATION EXPOSED TO NOISE

Log loader (diesel) Operator

Log truck (diesel) Driver
(please specify engine make)

C ummi n s

GMC
Mack
International
White

Power saw

Sawmill and Stud Mill

H cad rig

Hang saw

Edger

Resaw

Trims aw

Scragg mill

Chipper

Planing and Molding

Faller
Bucker

Sawyer
Tail sawyer

Sawyer
Offbeare r

Edge rman
Of f bearer

Sawyer
Offbearer

Trimmerman
Straightener

Sawyer
Offbearer

Tender

Planer Feeder
Lumber straightener
Grader
Offbearer
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Yarder (diesel) Operator

Crawler tractor Operator
(diesel)
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TOTAL NUMBER OF N
EQUIPMENT JOB STATION EXPOSED TO NOISE

Planing and Molding

Surfacer Feeder
Grader
Of f bearer

Molder Feeder
Grader
Offbearer

Chipper Tender

Plywood and Veneer

Taper jointer Offbearer

Machine groover Feeder

V-groover Feeder

Skinner Saw Breakdown man

Cutoff saw Feeder

Chipper Tender

Pulp, paper and container

Paper machine Wet end
Jordans

Winder Operator
Helper

Bag machine Operator

Chipper Tender

Corrugator Single facer
Double backer

Slitter Operator

High speed press Operator

Hogger Feeder




