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I1. HEALTH EFFECTS

The effects of occupational noise can be d1v1ded' into two
principal categories: auditory effects and extra-auditory
effects. There' is a wealth of infarmation on the relationship
between noise exposure and hearing loss. Dose-response
relationships have been well established. Numerous studies are
available which describe the effects of nolse on hearing as a
function of level and duration, The effects are stated 1n
‘tarms of the audiometric frequencies at which the loss oceurs,
the degree of hearing loss, the anatemical changes {in animal
esperiments), and the differential changes 1in hearing as
variables such as age and sex interact with noise expesure.

The extra-auditory effects of noise Iinvolve complex
physiolegical and psychosocial reactions, which are much more
difficult to document. Although stress-retated i11nesses have
been associated with noise exposure, the multitude of factors
which contribute to stress confounds efforts to provide a
direct "cause and effect" relationship between noise and such
stress-related conditions as hypertension or ulcers. Although
precise dose-response relationships are lacking at this time,
information on the extra-auditory effects is included in this

discussion because the data are highly suggestive of adverse



effects, and therefore provide added incentive for protecting

noise exposed workers.

Hearir;g Loss

There 15 no doubt that noise exposure causes hearing loss,
which grows more severe as exposure continues over the years.
Many witnesses spoke with first-hand knowledge of the effect of
noise exposure on their hearing, and consequently, on their
lives. Ruth Knowles, President of Local 1716 of the Textile

Workers Union, testified as follows about her noise-induced

hearing loss:

It has been a gradual lass of hearing for me, so
gradual that I naver really realized it until -a few
years ago, when a relative asked me if I did not hear
well. After then 1 started notieing that 1t was
ﬂetting worse and that ] was having to strain more to
ecar ¢learly. 1 became alarmed and consulted a
specialist, only to be told that nothing could be done
and that the hearing loss had been caused by high

noise exposure.

It is truly a sad, helpless feeling that you have been
told that you have lost a significant part of your
second most important sensor. As time has passed, I
have been embarrassed because I was not able to hear
wall enough to know what was going on., I have even
given an affirmative nod only to find out later that
it - should have been a negative answer. Socially
speaking, there have been many, many instances that
because of my hearing impairment, 1 would rather have
stayed at hane. It is difficult for me to hear and
understand most waitresses in restaurants and a few
times I have even had to tell them that I did not hear
well, after which they speak so loudly that everyone
around turns to look. My family has came to realize
this problem and usually volunteers their help. :
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Also, 1 am never able to hear sales persons in grocery
stores or bank tellers. At times it has become so
disturbing that I have actually sat down and cried
when I would get home. Persons who do not suffer any
Ioss of hearing can't possibly realize the humiliation

those of us wha have impaired hearing go through.
(Tr. 2021-2022).

Mater{ial Impairment

Section 6(b}{5) of the Occupational Safety and Health Act
indicates that when dealing with a hamful physical agent the
Secretary should set a standard which guarffs against material
impairment of health or functional capacity, even if the worker
is exposed for a working lifetime. As discussed below, noise
is a harmful physical agent. The hearing conservation
amendment 15 reasonably necessary to mitigate the significant
risk of noise, which 1{s present in most workplaces. This
amendment 1s necessary to prevent large numbers of workers from
suffering material Impairment of health and functional capacity
resulting from exposure to noise. As shown below, even
assuming cl‘mpﬁance with the current occupational noise
exposure standard, many workers will still be at increased risk
of suffering material impajment of functional capacity from
noise 1in the workplace. The hearing conservation program
prlescﬂbed in this amendnent will save at Teast 189,000 workers

from suffering material impairment after the program is fully
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effective. Accordingly OSHA finds that this amendment s
reasonably necessary and appropriate, to provide healthful
p1acesr of employment.

0SHA defines material impairment of hearing as an average
hearing level, with respect to audiometric zero, that exceeds
25 dB for the frequencies 1000, 2000, and 3000 Hz. This
hearing level is sometimes called a "fence" in that it provides
a demarcation point along fhe continuum of hearing levels,
above which a hearing loss is considered, in the language of
the Occupational Safety and Health Act, a "material impatrment
of health or functional capacity.” Most audiologists and
acousticlians will agree that small amounts of hearing loss can
be tolerated. If more than a small amount of loss is suffer.ed,
a person cannot function as well as a normally hearing
individual. The selection of the point or “fence" beyond which
an individual person cannot function as well becomes the
definition of material impairment of hearing.

OSHA believes that the capacity to hear and understand
speech s the most critical function of hunan hearing.
Therefore the definition of material impairment of hearing is
directly related to people's ability to understand speech as it
is spoken 1in everyday social conditions. Assessing this

ability can be done by a variety of speech audiometric tests.
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Since speech audiametry s not well standardized, researchers
and administrators have used pdre-tone thresholds to estimate
hearing for speech. As explained in the introductory section,
these.thresho1ds are the lowest levels at which a listener can
Just barely hear discrete fregquency tones.

+ There is very Tittle debate about the usefulness of pure
tenes to assess hearing impairment, but there {s same
disagreement about the hearing Jlevel, or fence, at which
material Impairment begins, and about which audianetric
frequencies to use in the assessment. Setting the fence at a
high hearing level means that workers are allowed to lose quite
a lot of hearing before the loss is considerad to be a material
1mpa1nnenf to be prevented. Setting the fence at a low hearing
level means that relatively little hearing is tost befere the
Toss or impaimment is considered material. The lower the
fence, the larger will be the number of workers identified as

materially impaired. The selection of audiometric frequencies

also has an effect on the number of workers that will be
identified. Since nolse-induced hearing loss affects the high
frequencies earlier and more severely than the low frequencies,
more workers will be identifijed as crossing the fence or
suffering material impairment when high frequencies are used in

the definition. It should be noted that the use of high




frequencies 9in the definition of material impairment more
accurately portrays 2 worker's actual hearing loss, since those

frequencies are more severely affected by noise.
The hearing levels and audiometric frequencies that

constitute the definition of material impairment of hearing
have been d{dentified through studies of the ability to
comunicate in everyday listening conditions. Some of these
studies were submfitted to ‘the record, and the issue of material
impairment received considerable attention. '

Until now, the Agency had not conciusively defined material
impairment of hearing. For purposes of the proposal, OSHA had
used the definition of hearing handicap developed in 1958 by
the Amer{can Academy of Ophthalmology and- Otolaryngolagy
(AACD), a subgroup of the American Medical Association (Ex. 3,
p. 44; Ex. 6, p. 12337). The AAQO definition, which has been
used primarily for workers' compensation purposes, uses a 25-dB
fence for average hearing levels at the freguencies 500, 1000,
and 2000 Hz. Some comments to the record (Ex. 35, p. 1; Ex.
26-3, p. 5-24; Ex. 26-4, p. 1) favored this definition, because
it was thought to describe an 1ndividual's ability to

conmunicate under everyday conditions. Howevar, several
commenters pointed out that it would not be appropriate to use

the same formula for prevention and compensation (Ex. 47, p. §;
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Ex. 46, p. 364-365; Ex. 51, p. 4; Ex. 57, pp. 9-10). ODr., H.E.
von Gierke of the U.S. Alr Force commented on this subject on
beha'tf_ of the EPA. He stated that: '"Formulas developed for
assessing hearing handicap for compensation purposes were never
intended to be used for purposes of preventive criteria.” (Ex.
47, p. §). _

In 1ts criteria document NIOSH recommended that the
definition of material impairment be expanded to incTude the
ability to hear and to understand speech in noisy or difficult
1istening conditions. NIOSH used an average loss of 1000,
2000, and 3000 Mz in the frequency averaging, still using a 25-
dB fence (Ex. 1, pp. VI-ll through VI-14). Various studies and
comnents supported the 1000, 2000, and 3000 Hz definition as
being more realistic than the 500, 1000, and 2000 Hz AACO
definition, because good hearing {n the higher frequencies
(2000 and 3000 Hz) s very important for understanding speech
especially when there 1{s noise 1in the background, ar when
speech 1s not clear. It was also noted tﬁat everyday 1listening
conditions are noisy at least part of the time rather than
being completely quiet {(Ex. 1, p. VI-13; Ex. 80; p. 16; Ex.
321-168B, pp. 9-10, 61; Ex. 5, p. 43803), which is the
assumption in the AAOD farmula.

I1-7




Or. Aage Moller, Professor of Physiological Acoustics at
the Karolinska [Institute in Stockholm, commented con the

severity of the AAUD definition in his testimeny for the

AFL-CI0:
The 26 dB hearing loss average value for frequencies
500, 1000 and 2000 Hz (by AACO) assumed to

correspond to a beg1nn1ng loss of abjlity to
understand speech 1in the quiet. Historically this
definition originates from the 1limit where workmen's

canpensatfon was to be paid for 1loss of earning
power. Such a hearing loss will no doubt by most
people be regarded as a rather severe handicap 1n
nomal social life. It will with most people make it
impossible or at least very difficult to participate
in parties where more than one person speak at a
time. People with that degree of hearing loss will
also have difficulties to understand novel words and
nunbers. It is thus somewhat surprising that this

“1imit _of a handicap" at present has been accepted as

“the 1Imit of a tolerable" jmpaiment of the hearing.

1T has b'een" suggested to exchange 500 Hz with 3000 Hz

to give more realistic estimates of beginning loss of

1nte‘ngib1th of speech, (Ex., 88, pp. 3-4).

Willian C. Sperry, a private {individual whose hearing
impairment was very close to the AAQO-{dentified point of
beginning handicap, filed a comment {Ex. 184), He belfeved
that his hearing loss was sufficient to warrant buying a
hearing aid. Although the hearing ajd sametimes helped, there
were other times when hearing was extremely difficult, He

stated:

In a situation where there is a high ambient noise
level, such as parties, 1 might as well Teave my
hearing aid at home, and very often, I go home after a
short while since the multitude of speakers and all of
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the noise frequently makes it impossible to follow
conversations. In any situation, where there is
background noise, such as an air-conditicner, I find
that comnunication is difficuit, with or without the
hearing afd. . . . I submit to you that people with my
hearing loss are considerably more than just barely
impaired, A standard that allows an average of 25 dB
hearing loss at 500, 1000 and 2000 Hz very definitely
allows material impairment to occur, and does not
prevent peopie from losing one of their most valuable
abilities, namely the ab{lity to comunicate

effectively with each other. {Ex. 184, pp. 4-5),

Finally it was pointed out that the AACD formula does not
distinguish between a person who has a noise-induced hearing
loss and a person who has a conductive hearing loss since it
jncludes 500 Hz and excludes the frequencies above 2000 Hz (Ex.
1, pp. VI-12 and IV-13). Canductive hearing loss (which can be
the result of many nonoccupational factors such as ear
infections) tends to be of the same magnitude across all
fraquencies so that the Toss has a flat appearance on the
audiogram. Noise-induced hearing loss produces a sloping
configuration, the 1loss being much more severe in the high
frequencies than in the low frequencies, especially in the
early stages. Since 500 Hz is the last and least severaly
affected of the test frequencies, it is not nearly so important
as 3000 Hz in characterizing the audiogram of the individual
with nofse-induced hearing loss.

~In 1879 the American Medical Association (AMA) (Ex. 321-10,

p. 2058) changed its fomula for hearing handicap, and now
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advocates a low fence of 25 dB for hearing levels averaged at
the fr-equ‘encies 500, 1000, 2000, and 3000 Hz. The AMA has
chosen to include 3000 Hz because it now recognizes the value
of high~frequency hearing 1n more realistic Tistening
sftuations (Ex. 321-10, p. 2058). MHowever, the primary use of
the AMA formula for “medico-legal" (cmnpensat1on). purposes
remains unchanged.

Another method for describing material impairment,
developed by the Committee on Hearing, Bioacoustics and
Biomechanics of the National Academy of Sciences (CHABA), was
discussed by Dr. W. Dixon Ward (Ex. 222C, pp. 12-13) and Dr.
Thamas (Ex. 51, pp. 7, 8). The CHABA report specified that a
fence of 35 dB should be used if hearing levels at 1000, 2000,
and 3000 Hz were averaged (Ex. 222C, pp. 12-13). CHABA's
charge was to find a Jow fence for the frequencies 1000, 2000,
and 3000 Hz that would yield the same compensatfon as a 25-d8
fence at 500, 1000, and 2000 Hz (Ex. 51, pp. 7-8). Since this
formula was specifically concerned with compensation, rather
than with prevention, OSHA does not consider it appropriate for
use in a standard to prevent materfal impairment of hearing.

The CMABA committee made no attempt to define material
impairment of hearing by examining rasearch results on the

ability to understand speech and to function in everyday life.
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EPA (Ex. 189-5, p. 11} recommended a 25-dB fence for
hearing levels averaged at the frequencies 1000, 2000, and 4000
Hz, and Tater subm1tted.a study (Ex. 321-168, pp. 60, 61) to
support the same frequencies but using an even lower fence.

Other witnesses also recommended 7lower fences or higher
frequencies than those employed by the AADO. Dr. Karl Kryter
of the Stanford Research Institute, testifying on behalf of
EPA, (Ex. 50, p. 6; Tr. 776-778) criticized the AAOO formula,
and suggested a fence at Teast as low as 15 dB if the
frequencies 500, 1000, and 2000 Hz were wused. Joseph
Hafkenschiel of the Communications Workers of Amerdca,
recommended a 15~dB fence for the frequencies 500, 1000, and
2000 Hz (Ex. 82, p. 4), and others aiso arqued that a 25-dB
fence allows too much hearing loss (Ex. 183-5, p. 7; Ex. 184,
p. 5; Ex. 50, p. 4). A fence of 15 B at 500, 1000, and 2000
Hz would be equivalent to a hearing level of 25 dB if the
frequencies 1000, 2000, and 3000 Hz were used {Ex. 50, p. 19}.

A report submitted by the Center for Policy Alternatives at
the Massachusetts Institute of Technology {Ex. 1384, pp. 2-2 to
2.3) recommended wusing a wvarfety of fences to describe
different degrees of hearing loss experienced by & noise

exposad population.
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Or. Willian Burns, professor of physiology at the
University of London, pointed out (Tr. 851) that the British
Standard, Method of Test for Estimating the Risk of Hearing
Handiéap due to Noise Exposure (1n draft form at the time of
his testimony), estimated risk data for the frequencies 1000,
éOOO. and 3000 Mz, although the standard used a fence of 30
dB. This fence and frequency combination were also recommended
by the British to the International Organization for
Standardization (Proposal from the UK-Member Body of 1S0/TC
43/5C 1 for a revisfon of 150 1999 - Acoustics - Assessment of
Occupational Noise  Exposure for  Hearing Conservation
Purposes}. Thase two documents later were submitted to the
racord by EPA as Exhibits 266 (p. 15) and 279, 11-10 (p. 1).

Following the original reccmmendation of NIOSH, OSHA will
consider as material dImpairment a 25-d8 fence for the
frequencfes 1000, 2000, and 3000 Hz. The Agency agrees with
the many conments and studies cited to show that high-frequency
hearing 1s critically important for the undérstandmg of speech
(Ex. 46, p. 363; Ex. 26-1, p. 3; Ex. 26-6, p. 830; Ex. 228, p.
8; Ex. 5, p. 43803; Ex. 51, pp. 6-7), and that everyday speech
{s sometimes distorted and often takes place 1in poisy
canditions. Therefora, the Agency believes that 3000 Hz should

be included in the definition of material impairment, and 500
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Hz, since it {s not so important for understanding speech ({Ex.
1, p. V1-16; Ex. 26-6, p. 830; Ex. 26-7; p. 1217; Ex. 321-168B,
pp. 42-44) and since it is last and Jeast affected by noise,
should be excluded from the definition.

0SHA has considered including the 4000-Hz frequency in the
definftion of material impairment as recommended by EPA, since
hearing at this frequency appears to be particularly valuable
at times when 1istening conditions are noisy and distorted (Ex.
26-6, p. 830; Ex. 26~7, p. 1217; Ex. 321-16B, pp. 34-45).
However, OSHA recognizes that 1listening conditfons are
favorable at least part of the time, and until data become
available to show the typical proportion of favorable to
unfavorable 1listening conditions, or the average 'amount of
distortion that occurs in evaryday speech, OSHA will continue
to use the 25-dB fence at 1000, 2000, and 3000 Hz as
recommended by NIOSH {Ex. 1, p. VI-ll) and others (Ex. 88, pp.
3-4; Ex. 26-~7, pp. 1217, 1223; Ex. 50, pp. 6, 19). This is not
to say that the 4000-~Hz frequency has no importance for the
understanding of speech and that unlimited loss should be
allowed in that frequenty, but only that it is not fncluded in
the definttion of material impairment at this time. In the
typical noise-induced hearing loss pattern, severe losses at

4000 Hz are almost always accompanied by losses at 3000 Hz
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which are nearly as severe (Ex. 12, p. 135, fig. 10.19; Ex.
26-2, pp. 36-47; Ex. 1, fig. 7). Therefore, 1osses.at 4000 Hz
wnu]d'not be unaccounted for.

The Agency has accepted the recommendation of the Center
for Policy Alternatives to examine the effects of noise on
hearing by means of a variety of fences. In the discussion of
the anticipated benefits of hearing conservation programs, the
Agency uses fences at 15 dB, 25 dB, and 40 dB for the
frequencies 1000, 2000, and 3000 Hz. The 25-dB fence, however,
is considered the point at which impairment may be considered

materfal.

Quantifying the Effects of Noise
The two most useful concepts for describing dose-response

relationships for noise-induced hearing loss are the
'percentage risk" and the “noise-induced permanent threshold
shift® {NIPTS) concepts. The first concept involves predicting
the percentage of a population that will develop material
impaiment of hearing as a result of given levels and durations
of noise. The second concept is used to pradict the amount of
hearing loss in decibels that will occur as a result of given

levels and durations of noise after subtracting for presbycusis

(hearing Toss fram aging). |,
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In order to better understand the methods of describing the
effects of noise, the concept of presbycusis should first be
discussed. Presbycusis is a natural phenamenon that affects
most individuals if they 1ive to be o01d enough. Some peép]e
will lose sane hearing by the age of 40 or 50, while others
will have normal hearing well inte their 70s. Mature adults
will seldan have hearing Tevels as Tow as 0 dB for all
audiometric frequencies. As people age, their hearing levels
tecone higher, and most individuais accept same ”earing loss as
a natural cccurrence (Ex. 29, p. 84). However, when even a
minor nojse=-induced hearing loss 1§ added to presbycusis, the
resylting loss can be sufficient to cross the fence into

material impairment. Whether a hearing loss 1is onhe=-third

presbycusis and two-thirds noise-induced, or the other way

around, the loss of functional capacity 15 the same. In most
cases, people will not be materially dimpaired by presbycusis
alane unless they live to be very aold. WKhen noise exposure is
added, usually from an occupaticnal source, many will becoms
materially impaired when they are young or middle-aged, and the
impairments will grow more severe as age increases. In
addition, occupational noise exposures have the effect of
making some people suffer more hearing loss at a younger age

than they would if not exposed to occupational noise.

I11-15
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Since presbycusis, when it occurs, 1s a natural and
inevitable condition, 1t is only reasonable to examine the
impact of ’noise exposure on a population that includes some
amounf of presbycusis. After a working Jlifetime most
individuals will be at least 60 years o0ld, and will have
experienced same amount of presbycusis. It is also useful to
know the extent of damage preduced by noise alone, sc as to
Jjudge the magnitude of the effect at each audiametric frequency )
as & functfon of expesure Tevel and duration. Therefore the
Agency has quantified the effects of nofse on hearing using
both the'percentage risk and the NIPTS methods.

The percentage risk method allows the inclusion of
presbycusis in that the procedure estimates numbers of people
whose hearing levels (including presbycusis or any other
impairment) will exceed a certain fence due to n615e exposure.
1t does not 1nclude people who will exceed a certain fence
because of a hearing loss only from aging, since the
calculation subtracts the percentage of a non-noise-exposed
population who would cross the fence anyway from “natural®
causes. The remainder is the populatfon at risk of developing

material impairment of hearing due to noise exposure.
The data in Table 1 were developed by other Agencies in an

effort to provide reliable estimates of the percentages of the

population at risk of developing hearing impairment due to
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exposure to dajly average noise levels of 80, 85 and 90 dB for

a vworking lifetime.

Table 1

Estimated Percentages of the Population Expected to exceed a
25-dB Fence at 500, 1000, and 2000 Hz as a Function of Average
Noise Exposure Level for 40 Years.

Oraanizat1on Noise Exposure in dB Risk gxz

as 10
80 ‘ ' 0
EPA . 90 22
8§ 12
80 5
NIOSH 90 2
85 15
80 , 3

Source: EPA, Ex. 5, p. 43805

This table, which was submitted by EPA (Ex. 5, p. 43805}, shows
the percentage of the exposed population expected to exceed a
25-d8 fence at the frequencies 500, 1000, and 2000 Hz. The
risk figures were developed by the International Organization
for Standardization (150} {based on the data for Baughn), EPA,

and NIOSH. These organizations estimated percentage risk for
the 500, 1000, and 2000 Hz combination since the AAOD
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definition of hearing handicap still was used widely at the
time these percentage risk estimates were developed {IS0 1n
1975, Ex. 26-4; EPA in 1973, Ex. 31; and NIOSK in 1972, Ex.
i). 'Two of the three organizations have now advocated the
{nclusion of frequenctes above 2000 Hz in the definition of
maternl impairment (Ex. 5, pp. 43803, 43805; Ex. 1, pp. VI-11,
¥I-14). The 150-1980 proposal, which sti11 is in draft form at
this time, does not prescribe a specific fomula for risk
assessment but provides an array of formulas that can be used
for predictive purposes (Ex. 321-43A, p. 3).

It can be seen that the risk of material impafrment at an
average exposure level of 90 d8 is a substantfal 21 to 29
percent. The risk of incurring material impairment after a
working 1ifetime of 85 dB 1s 10 to 15 percent, and at B0 dB fis
0 to 5 percent. The inclusion of 3000 or 4000 Hz 1n the
definition of materfal impairment would tend to make the
percentages at risk somewhat h1ghei~, since hearing loss at
thesa frequencies fram noise exposure 1s almost always greater

than 1t is at 500 and 1000 Hz.
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Because these risk figures were developed virtually
independent]y* by the three organizations, the percentages for
each exposure level are 5lightly different. These differences
are to be expected when using the percentage risk concept
because the estimates can be influenced by the extent to which
a noise~exposad population is screened to exclude people with
ronoccupational hearing loss, and also by the extent to which
the popuiation includes hearing loss from aging (Ex. 5, p.
43806). For example, NIOSH suggested that its percentage risk
estimates might be slightly higher than those derived from the
“severely” scresgned population {Ex. 1, p. V1-31). (An exposed
population that includes same amount of nonoccupational hearing

loss and some presbycusis would be representative of the U.S.

*As mentioned above, the IS0 risk estimates were derived
fran data collected by Or. W. L. Baughn. Tha EPA also
used Baughn's data, and averaged them with data coliected
by Drs. Burns and Robinson, and Or. Passchier-Vermeer,
A1l of these studies will be discussed in further detaii

below. Since EPA's estimates are basad in part on the
same data that were used by IS0, the relationship between

the EPA and IS0 risk estimates is not entirely {independent.
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populatien, and thus the risk figures should not be

unrealistic.) Although Tahle 1 shows small differences, the
risk estimates for the same exposure ievel are very similar.

Tﬁe percentage risk concept, while easy to understand, is
in some ways a limited descriptor of noise-induced hearing loss
(Ex. 5§, p. 43806; Ex. 47, pp. 9-10; Ex. 231, written testimony,
p. 1}. First, the use of a single fence such as 25 dB does not
adequately describe the effects of noise on all of the impaired
workers in that it does not quantify the amount of loss (Ex. §,
p. 43805; Ex. 231, p. 7). Everyone whose hearing threshold has
exceeded the 25-dB fence {is considered to have the same amount
of hearing Tess. The single faence conveys nothing about the
people who start with excellent hearing and lose up to 256 dB
fran noise exposure, nor does it indicate how many people
suffer severe losses, greater than 40 or 50 dB, for example
(Ex. 5, p. 43806; Ex., 231, p. 7; Ex. 47, pp. 9-10). In an
attempt to overcane these limitations, OSHA uses three fences
to discuss the benefits anticipated from hearing conservation
programs.

Noise-induced permanent threshold shift (MNIPTS) is the
actual shift 1in hearing Jevel due to noise axposure, after
corrections have been made for aging. NIPTS values may be

desfgnated for combinations of frequencies, but they are



usually given for each audiometric frequency separately, and it
can be helpful to examine hearing loss at {ndividual
frequgncies. {The percentage risk method nearly always
averages hearing levels at three or more frequencies.) The
NIPTS method allows examination of the effects of noise on
hearing level at 4000 and 6000 Hz, which, although they are not
usually ingcluded in th'e definition of material impairment, are
the frequencies where hearing is earliest and most saverely
affected by noise. NIPTS usually is presented for certain
percentages of the exposed population, such as the med{an, the
g90th and the 10th percentiles, the lower percantiles
representing the more severely affected members,

The disadvantage 9in presenting the data only as NIPTS f1s
that the full 9impact of noise exposure is not as eashy
comprehended as 1t {s with percentage risk. Since NIPTS values
do not include any hearing loss from nonoccupational causes,
they do not reflect actual hearing levels. However, for

comparing the effects of one exposure level against another

they are very useful.
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Table 2 shows NIPTS-as a function of exposure level and
exposure duration in years (see Johnson's Table 3, Ex. 310, pp.
27-28). NIPTS values are given for each audiametric freguency
fron 500 Hz to 6000 Hz, and are shown for the less sensitive
g90th percentile, the median, and the more sensitive 10th
percentile. When added to presbycusis values fram a "nommal"

non-noise exposed population, these resulting hearing levels

‘would reflect realistic hearing levels to be expected in nofse

exposed populations.
Table 2 s taken from a report by Col. Daniel Johnson of

the U.S. Air Force, entitled "Derivation of Presbycusis and
Noise Induced Permanent Threshold Shift (NIPTS) to be used for
the Basis of a Standard on the Effects of Noise on Hearing"
(Ex. 310, pp. 27-28). As 1in a previous repart, which Col.
Johnson had prepared for the EPA (Ex. 17), he averaged the

hearing Toss data from some well-known studies. While in the
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I.  INTRODUCTION

Ratfonale for Amendment

Noise is one of the most pervasive occupational health problems.
It is a by-product of many d{ndustrial processes. Exposure ta high
levels of noise causes temporary or permanent hearing loss and may
cause other harmful health effects as well, The extent of damage
depends primarily on the intensity of the noise and the duration of the
exposure.

There 15 an abundance of epidemiological and laboratory evidence
that protracted noise exposure above 90 decibels (dB) causes hearing
loss 1n a substantial portion of the exposed population, and that more
susceptible individuals will incur hearing loss at Tevels balow 90 dB
{Ex. 11; Ex. 12; EX. 17; Ex. 26-2). This is discussed more fully in
the Health Effects section below. Noise-induced hearing loss 15 an
irreversible condition that progresses with increased exposure, and is
exacerbated by the normal aging process. Although such a toss may be
s11ght at first, continued exposure may result in a loss that is severe
anought to affect serjously an individual's ability to understand
speech. In some cases, even sTight losses 1in the audiometric
frequencies that are critical for the understanding of speech can
adversely affect an individual's ability to earn a 1iving and to
function in soctety. It constitutes a serfous physical, psychological,
and socfat handicap. Such impairment of a critical functional capacity
clearly is the type of material impairment of health, which Congrass,

in Section 6(b)(5) of the Act, directed OSHA to prevent.
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Noise can alsa cause other adversa effects, such as degraded Job
parformance,  increases in  accidents and ©  absenteeism, 'Jab
dissatisfaction, headaches, fatigue, sleeplessnass, stress-related
111nesses, and other effects that are more difficult to quantify and
ident ify as nofse«related than 1s hearing loss (Ex. 2C-106, p. 2; Ex.
2C-111, p. 1; Ex. 96, pp. 277-281; Ex. 189-8, p. 2; Ex. 28A, pp. 18-24,
27-28, 41-44, 46-49; Ex. 32, App. B, Guifam, pp. 6-11; Ex. 79, p. 2;
Ex. 173, pp. 1-2, 7-8; Ex. 84, attach. 2, pp. l-2).

0SHA's ex{isting standard for occupatigcnal exposure to nofse (29
CFR 1910.95) specifies a maximum l;ermissib'le noise exposure level of 90
d8 for a duration of 8 hours, with higher levels allowed for shorter
durations. (This level is called a time-weighted average sound level,
abbreviated TWA.) Enployers must use feasible engineering or

adminfstrative controls, or combinations of both, whenever employee

'exposure tc noise in the workplace exceeds the parmissible exposure

laval. Personal protective equipment may be used to supplement the
engineering and administrative controls where such controls are not
able to reduge the emﬁloyee exposures to within permissible 1limits.
The standard also requires employers to administer a "gontinuing,
effact ive hearing conservation program* for overexposed employees, but
the standard does not define such a program.

OSHA proposed a r'e\'fised noise standard in 1974, which maintained
the current standard's 90 dB time-weighted average exposure limit, but
requirad exposure montftoring, and articulated the requirements for

hearing conservation programs. There was a great deal of controversy
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jn the rulemaking proceedings about alternative permissible exposure
1imits and their technical and economic feasibility, but few challenged
the concept or the appropriateness of a hearing conservation program.
(Tr. 551-583; Tr. 210; Ex. 306, Secs. J2C, JIC, J4C; Ex. 2C-16A; Ex.
2C-168). |

Analysis of the hearing record reveals information gaps in the
area of extra-auditory physiological effects of noise (adverse heaith
effects other than loss of hearing, such as high blood pressure), and
also in the areas of economic and technological feasibility of noise
céntrol. The Agency needs to obtain additional material and to perform
additional impact analyses before issuing 2 comprehensive new
regulation. Therefore, for the present, O0SHA will Teave the
permissible -exposure level and compliance mechanisms of the current
noise standard unchanged and coﬁt'lnue its enforcement. The Agency will
defer the final! decision on methods of compliance and the permissible
exposure level unti]l it has obtained and evaluated the necessary
information. .

While such information 1{s being obtained, employees must 'be
afforded additional protection against the effects of noise.
information in the record indicates that many employees are not

receiving the benefits of angineering controls to reduce their

" exposures to within the permissible exposure 1fmits. In fact, there

are some 2.9 million workers 1n" American production industries with
THAts 1In excess of 90 dB, and an additional 2.3 million whose exposure

levels exceed 85 dB. These workers, who face a significant risk of
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material impairment of health or functional capacity, will receive
greatly increased protection from the promulgation and enforcement of
these hearing conservation requirements, which amend certain provisions
of the present noise standard, The provision of this protection in the

form of a well~defined hearing conservation progran does not depend

“upon a detarmination of an appropriate exposure level or compliance

strategy. These fssues were treated separately in the proposal and the
decision to dimplement a hearing conservation program first is
consistent with the mandate of the Act that, {nsofar as possible,
workers be protected from any material impdirment of health or

functional capacity.
Hearing conservation programs consitute commonly accepted

industrial hygiene practice. Many companies aiready have 1nst1tuted_

programs for their nofse-exposed workforce (Ex. 3:06; Ex. 147A; Ex.
147C). This amendment clarifies what a heﬁring canservation progran
must be, and gives diraction to the implementation of such a pragram.
Hearing c‘onservation includes nolse exposure monitoring,
audiometric testing, the use of hearing protection devicas where
necessary, and employee education. A1l of these elements are
reasonably necessary and appropriate for a continuing effactive haearing
conservation prugran., These procedures will result in considerable
benefits for more than 5.2 millicn employees.  Hearing protection
devices will reduce the incidence of noise-induced hearing loss and
also the various extra-auditory effects decribed below. Audiometric

tests will enable employers and employees to take proper precautions to
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prevent further deterioratjon of hearing. Menitoring and educational
programs will increase general awareness of noise problems, and promote
the effective use of ear protectors.  Another benefit, which was
suggested by a-National Insitute for OQccupational Safety and Health
stgdy. is a reduction in workplace accidents and absenteesim (Ex.
26-11, pp. i1, 5-2}. -

At this time the Agency does not belifeve that a hearing
conservation program alone is the solutfon to the problem of workplace
naise. The Agency continues to support the policy, reflected in the
existing standard and not affected by this amendment, that engineering
control of noise 1s preferable to the use of personal protective
devices. The record contains considerable evidence that hearing
protactors do not alwaya provide as much attenuation in practice as the
manufacturer indicates (Ex. 319, B-12, p. 4; Ex. 300A, p. 91; Ex. 301,
p. 33), that many workers dislike using hearing protectors (Ex. 79, pp.
7-8; £x. 94, pp. 9-10; Ex. 78, p. 14), and that protectors can be very
uncomfortable (Ex. 73, Attach. 4, p. 1; Ex. 79, p. 7; Ex. 321-45A, pp.
1-11; Ex. 94, p. 10; Ex. 78, p. 14). In fact, the degqree of protection
pr6v1ded by such devices 15 questionable since they may become unseated
through talking or chewing during the course of the workday.

When hearing protectors are relied upon, the adequacy of
protection will depend upon the quaiity of the hearing protector, the
tightness of the fit, and #ts use by employees. Permanent hearing loss
can oaccur before it is {dentified by audiometric testing and, of
course, extra-auditory effects cannot be detected by audiometry. Thus,

none of these measures are as effective as controlling the hazard at

the source.
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Physical Praperties of Sound

Sound consists of pressure changes in a medium (usually air},
caused by vibratfon or turbulence. These pressure changes take the
form of alternating compressfon and rarefaction of molecuies,

producting waves that propagate away from a vibrating or turbulent

‘source. The magnitude and the type of effect on humans depend on three

" physical parameters of sound: leval, frequency, and duration. Sound

pressure level {5 a logarithmic measure of the magnitude of the
pressura change and {is expressed in decibels, abbreviated dB. The
magnitude, or intensity, of sound is perceived as loudness. Through
the use of a logarithmic scaie, the entire range of audible sound
pressure (for individuals with normal hearing a range of more than ten
mi1lien to one), can be compressed into a practical scale of 0 to 140
dB, Because of the lagarithmic scale, a small increase in decibels
represents a large Increase 1in sound energy. Technically, each
increase of 3 dB represents a doubline of sound energy, an increase of
10 dB represents a tenfold increase, and a 20-dB {ncrease repraesents a
100-fold increase fn sound energy.

The frequency of a sound is the number of times that a complete
¢ycle of compressions and rarefactions occurs in a second., The
descriptor, which used to be "cycles per second," is now hertz,
abbreviated Hz. Frequency is perceived as pitch. The audible range of
frequencies for humans with good hearing is 20 Hz to 20,000 Hz. M'ust
averyday sounds contain a mixture of frequencies generated by a variety
of sources. A sound's frequency composition is referred to as the

spectrum. Frequency spectrum can be a determinant of the annoyance
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caused by noise, with high frequency noise being generally more
annoying than Tow frequency noise. Also, narrow fregquency bands or
pure tones {singie frequencies) can be somewhat more harmful to hearing
than is broad band noise.

The third important parameter is the way a sound level varies over

time. The duration of a sound can range from microseconds (the

dupation of a gunshot} to indefinitaly long periods ttypical of the hum

of an electrical transformer). Industrial noise is usually described
as continuous, fluctuating, intermittent, or impulsive. Continuous
noise, 1ike the sound of a fan or a motor, remains relatively constant
for a long pertod of tiﬁe. Fluctuating noise, such as the sound of a
vehicle in different gears, rises and falls in intensity over a period
of time. Intermittent noise ceases or falls to low Jevels betwgen
"on«times," or the periods of much higher levels. O0Orilling or sawing
operations are examples of intermittent noise. Impulse noise 1s
charactgrized by a sharp rise in sound pressure Tevel to a high peak,
followed by a rapid decay. 'Impu'lses can occur in quiet conditigns, or
thay can be superimposed on a background of continous or fluct‘uating
noise, which 15 typical of the production industries.

Sound lavels are relevant under this standard only as they affect
employeas. If the enployee {is not present while lh'lgh sound levels are
being generated, OSHA is not corcerned. The Agency 1s concernad with
employee exposure, which is the accumulation of noise levels
experienced by employees, as these levels are distributed over the

workshift. This distinction is important because some comments in the
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record reflected a misunderstanding of the differences batween -
warkplace sound Tevels and employee exposure levels (Ex. 14-96, p. 1;
Ex. 14-79, p. 1). Although the frequency spectrum of a sound may have
some effect on hearing loss, it is primarily the combination of level
and duratfen that determines the degree to which noise will cause
hearing loss and extra;auditnf-y health effects. The manner in which
level and duration are combined, for purposes of predicting adverse
effects or calculating noise "dose® or 8-hour time-weighted average
sound level, depend.f: upon the "exchange rate.” This combination is
sometimes referred to as the "doubling rate," or the “time-~intensity"
tradeoff. A 5-dB exchange rate is used in 29 CFR 1910.95 and in this
amendment. Spacifically, a 5-dB increase in level {s permitted for
each halving of duration, or conversely, a doubling of duration

necessitates a 5-dB dacrease in level.

Hearing and Hearing Loss

The auditory system has three primary components: the outer ear
serveés to direct sound 1into the ear, the middle ear mechanically
transmits the sound waves from the air to the fluid-filled inner ear,
and the fnner ear changes the sound waves from mechanical to neural
energy. This last process is done in a smaﬂbrgan known as the
cochlea, where sensory cells respond to the machanical vibrations,
change them into electrical energy, and transmit the message to the

brain via the auditory nerve.
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Noise-induced hearing loss can be temporary or permanent.
Temparary hearing loss results from short-term exposures to noise, with
normal hearing returning after a period of rest, This temporary
decrease in hearing ab{lity is called temporary threshold shift (TTS),
a person's hearing threshold being the Tevel of sound that he or she
can just barely hear. For example, if 2 person with normal hearing
works all day in a nofsy environment, measurments at the end of the day
vwould show that he or she could not hear as well as at the beginning of
the day. But by the next morning, after a period of quiet, this
person's hearing vould have returned to normal. Generally, prolenged
exposure to noise over a period of saveral years causes permanant
damage to the sensory cells of the cochlea. A person who regularly
sustains TTS will aventually suffar permanent hearing loss, which will
occur gradually over timeé. The accurrence of TTS sh_uus that a worker
has been affectd by noise, and if that individual continues to be
exposed to the same levels of noise, it will result in 2 poise-induced
permanent threshold shift (NIPTS).

The ability to hear sounds with clarity is a distinct attribute of
normal hearing. Qamage to the outer or middle ear can produce a
probiem with the perception of sound intensfity., Damage to the cochlea
or the auditory nerve is termed "sensori-neural," and causes impaired
perception of intalligibility as well as intensity. Even if sounds are
amplified, they 5ti11 seem indistinct. Sensori-neural hearing loss 1s
irreversible. People with noise~induced hearing loss sometimes can

benafit from the use of a hearing aid, but the aid can never “correct®
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a hearing loss the way aeyeglasses usually can correct for impaired
visfon (Ex. 231, written testimony, p. 5). Hearing aids merely amplify
sound, but they do not make it clearer, or less distorted. Also, they
amplify unwanted noise as well as the wanted speech signals.

Holse-induced hearing toss 1s sehsor'}—neurﬂ. it is a permanent
condition, and cannot be treated medically. It' is characterized by a
decl‘Hning sensitivity to high frequency sounds, usually to freguencias
above 2000 Hz. The loss usually appears first and s most severe for
the 4000-Hz frequency; the "4000-Hz motch" in the audfogram is typical
of noise~induced hearing loss., MWith continued exposure, the 1oss
spreads to the other audiometric frequencies, 500 through 6000 Ha.
This phenemenon rasults in difficultfes 1in the perception of speech.
Most of thé sound energy of speech is in the vowel sounds, and yet most
of the dintellfgibflity 1{ies in the consonants. Peaple with
noise=-inducad, high-frr.;quency hearing loss typically have difficulty
hearing conscnant sounds, and therafore have difficulty understanding
speech (Ex. 9, p. 18). These problems will be discussed mre fully in
the Health Effects section below.

The hearing-impaired person f{s often frustrated by missing
information that is vital for social or vocational functionfng. fot
gnly will people have to speak louder, but they must speak more clearly
in order to be understood. In addition, background noise, such as
radio, TV, or other people talking, has a much more disruptive effect
on hearing~impaired individuais than on the normal listener because
these individuals are less able to differentfiate between the wanted
signal and the unwanted background noise (Ex. 50, p. 6; Ex. 321168,
pp. 9, 10, 14, 49-50). People with noise=-induced hearing fmpairments
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may be lost when trying to communicate in a group or on a noisy street.

Studies in the record show that some individuals suffer severe
hearing losses as a result of nofse exposure (Ex. 12, p. 158; Ex. 310,
p. 22: Ex. 279, 11-13, p. 443; Ex. 26-2, p. 51). These individuals
would rate themselves as hearing very poorly, or even as deaf (Ex. 29,
p. 85).

Social relationships become increasingly difficult as the hearing
impairment becomes more sevara. Audiologist Or. W. Grady Thomas of the
University of North Carolina eiphins some of the difﬂcuities

exparienced by the hearing impaired as follows:

depraession, isolation, suspicion and withdrawal
from social contacts...can he expacted in some
individuals with moderate  hesring  loss...
Adjustment problems in adults who lose hearing are
difficult because habit patterns are firmly
astablished...Also, the evaluation of self, to 2
great extent 15 affected by the Individual's
perceptions of the evaluation of himself by others.
Having to cgontinually ask people to repeat
misunderstood speech messages can contribute to
feelings of iJnadequacy and {nsecurity. (Tr.
815-816)

Other Adverse Effects
In additien to hearing loss, noise can cause other harmful

effacts. Noise can interfare with conversation to the extent that

communication is virtually Impossible, causing a feeling of {selation

among workers., High levels of nojse, even though they may be of

relatively short duration, can mask warning shouts or signals.

Injuries and even fatalities have been reported in conditions where
I-11



the noise masked danger signals or cries for help (Ex. 26-1, p. 7: Ex.
78, p. 20).

There is increasing evidence that noise can cause adverse effacts
on general health, Laboratory and field studies implicate noise as a
causative factor in streass-ralated illnesses, such as hypertension,
ulcers, and neurclogical disorders. These effects, as wall as more

detatls on noise-induced hearing loss will be discussed in the Health

Effects section.

Maasurement of Noise and Hearing Loss

There are two major types of instruments that are used to measure
occupational noise. These 2are the noise dosimeter and the sound level
meter. MNoise dosimeters measure noise dose by directly integrating a
function of the varfous sound levels over the entire workshift. The
pérsun being menitored wears the dosimeter throughout the workshift.
Results of the monitoring are obtained after the dosimeter is taken
off, either by pressing a button on the dosimeter or by plugging it
into a master unit which then gives 'a "readout.®

A sound level meter registers the level of sound that occurs at a
particular time. It is useful for measuring the noise laevel due to a
given process, or for measuring a worker's exposure to sound that
fluctuates relatively 1ittle. Sound lavel maters contain a microphene,
an anplifier with a calibrated attenuator, a set of frequency response
networks, and an indicator meter.

The fregquency range is sometimes divided into octave bands. By
measuring the sound lavel 1in each octave-band, one can determine the

spectrum of the noisa. Each band is identified by its center
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frequency, such as 125, 250, 500, 1000, 2000, 4000 and 8000 Hz. Octave
band measurements ara necessary when selecting a room in which to
perform audiometric testing, and in certain audiometer calibrations.
They can also be helpful for assessing engineering control strategies.
To determine the level of noise in different frequency bands, a sound
level meter with an octave-band filter sat s needed.

The instrument that is used to test hearing 1s the audiome_ter.
Audiometers produce pure tones at specific frequencies (e.g., 250, 500,
1000, 2000, 3000, 4000, 6000, and B0O00 Hz) and at specific sound
lavels. OSHA has required that employee hearing be tested ‘at the
frequencies 500 through 6000 Hz, since these are the most important
frequencies for understanding .speech, and since they are useful for
determining the cause of the hearing loss.

The record of a given individual's hearing sensitivity 95 an

audfogram. An audfogram shows hearing thrashold Tevel measured in

dacibels as z function of frequency fn hertz. It indicates how intense

or loud a sound at a given frequency must be before {t can be
perceived, theraby providing a graphic representation of the status of
the individual's hearing, With periodic audiometric testing it fis
possible to trace and document hearing loss, and by so doing, to
prevent futher loss from occurring. The audiogram is an important
indicator of early hearing loss, since losses can occur so gradually
that a person may not realize that he or she js becoming impaired until

a substantial amount of hearing 15 lost.
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Table 2

Noise=Induced Permanent Threshold Shift
(90th, 50th, and 10th Population Centiles)

Sound Freq. 10 yrs, 20 yrs. 0 yrs.
Leval N o5 W1 - . . - 5
dB] QH:] .
75 00 0 0 0 0 o 0 0 0
80 500 0 . N o} 1 3 | .l
a5 E00 a1 2 1.4 ol - 1.2 +5 .
20 500 . o5 2.3 .2 o7 2.4 6 A
a5 500 . N 3.5 . 1,3 4.0 & 1.7
100 5§00 .7 3.9 .6 2 5.1 9.2 g 6.2
Sound  Frag. 0 yrs. 20 yrs, a0 yrs.
Lavel o " 1 o1 .9 5 N N ] 45
fda3] [ﬂ;g
75 10 0 0 0 0 0 0 '] 0
&0 1000 N 1 o7 | 2 o " ) o
8% 1000 ol ] 2.0 ] 5 1.9 5 N
90 1000 . o7 .8 o4 1.0 3.3 8 1.3
g5 1000 5 2.7 5.9 84 A7 1.2 3.1 A,
160 1000 kN 6.1 1.0 4.8 8. 13.5 God 2.9
Sound  Freq. 10 yrs. 20 yrs. 0 yrs.
Level q o .f W1 .8 .gr .1 .9 5
[aB) Lz
75 2 Q 0 1] ) 0 0 0 0
80 2000 . ] 1.6 .1 oA 9 1 .5
85 2000 . 49 N 7 1.3 4.8 1.8 1.8
20 2000 . 2.4 8.0 .4 2339 8.3 3.6 5.4
95 2000 1.2 5.5 14,2 3.7 8.7 17.4 7.4 12.0
00 . 2000 R 9.2 21,6 6.8 w8 26,6 120 9.9
Sound  Fray. 10 yrs. 20 yrs. 30 yrs.
lfgtil ” o9 8 .1 9 <5 ol 8 N
2
] gﬂﬂa [ 0 0 D 0 0 '] ]
80 3000 W2 2.0 4.1 1.9 2.4 3.4 2,5 o7
a6 3009 1.5 4.4 7.7 36 5.3 7.8 5.5 6.2
20 3009 9 9.2 6.9 6.6 11.0 17.9 8.5 12.6
85 2000 8,1 16.0 26,6 11.86 18,9 29.1 4.9 2.4
100 3000 1.8 254 7.5 20.6 29,5 9.7 W.e 327
Sound  Freq. 10 yrs. 20 yrs. 30 yrs.
Ifnvg‘l c o o5 " | .9 5 o1 K] o5
d8 UH
75 4003 0 0 0 0 0 0 0 0
a0 4000 o3 2.1 1.9 QO 4 2.1 1.0 A7
85 4000 1.6 6.7 2.3 2.4 7.4 12.2 50 0.0
90 4000 &2 1.2 19,  B.4 3.3 9.6 10,3 13,4
95 4000 12,7 20,4 28,2 6.4 22.5 25.7 A7 2.9
100 4000 222 30,2 37.8 25.6 32.8 7.8 8.4 2.1
Sound  Fraq. 10 yrs. 20 yri. 30 yrs.
E“ul " : -9 .5 o‘ 9 -5 .1 qg .5
a8t Ha
751 EDDO 0 0 0 0 1] 0 0 0
80 8000 o3 2.0 4.0 1B 2.2 3.1 32 24
8000 1. 4,8 89 2.8 5.3 8.8 4,3 &8
80 &000Q 1.9 8.5 15.6 2.8 9.5 16.0 3.6 0.4
95 5000 4.3 13.7 2.5 5.7 15.5 24.4 8. 16,8
100 6000 9.2 20.3 2.2 123 2.7 31.9 17._0 26.5
Source: Johnson, Ex. 310, pp. 27-8. :
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earlier report Col, Johnson used the data of Baughn, Burns and
Rol_ﬂnscn, and Passchier-Vermmeer, in the more recent report he
combined only the data of Burns and Rebinson with those of
Passchier-Vermeer. Details of these studies will be discussed

further below.

Studies of Noise and Hearing Loss

Numerous studies of the effects of noise on hearing were
submitted to the record. For purposes of this discussion, the
studies have been divided into the categories of continuous and
impulsive nofse. The word ‘“continuous™ refers here to
time-varying exposures as well, since in most of the studies
noise levels varied somewhat throughout the day (Ex. 11, p.
2-3; Ex. 12, pp. 93-99; Ex. 26-2, p. 10},

Exposure to 1intermmittent (on and off) noise will not be
treated separately since the ‘same methods for predicting

. hearing loss froam continuc;us noise apply to losses resulting

fram intermittent noise {(Ex. 279, 113, p. 447; Ex. 54, pp.
16-17; Ex. 29, p. 217). There was some disagreement as to
whether the 5-dB or the 3-dB exchange rate should be used in

caleculating the time-weighted average expasure level from
noncontinuous noifse. But since the current noise standard (29

CFR 1910.95) uses the 5-dB exchange rate, and since the
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permissible exposure level remains unchanged at this time, the
debate over the exchange rate will not be treated extensively
here.

OSHA has examined the many studies and raports in the
record that describe the effects of continuous noise on hearing
(Ex. 11; Ex. 17; Ex. 310; Ex. 12; Ex, 26-2; Ex. 36; Ex. 266 A;
Ex. 304}, and the Agency beliaves that they camprise the best
available data on the subject. The results of the varfous
studies are relatively consistent, both in terms of the
population at risk, and the extent of NIPTS as a function of
noise exposure. The various studies, 1f considered together,
contain data on more than 10,000 subjects.

As stated above, C0l. Johnson averaged the data of
different researchers in the preparation of a report for EPA.
Later, the EPA used Col. Johnsen's analysis of those data in
the development of criteria for the effects of noise (Ex. 31,
g. 5217} and for the identification of safe Tevels of noise
(Ex. 30, p. C-5). The three studies that were used in the EPA
reports were the subject of much discussion during th.e
hearings. Although some criticisms were raised, they were also
widely supported (Tr. 734, 738, 779, 785, 834). The three
studies were the following:

“Relationship between Datly Noise Exposure and
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hearfng loss based on the evaluation of 6,835
(fgdusﬁ*)lal noise exposure cases" by W. L. Baughn
X .

"Hearing and Noise in Industry" by W. Burns and
D. W. Robinson (Ex. 12).

"Hearing Loss Due to Exposure to Steady~state
Broadband Noise" by W. Passchier-Vermeer (as
displayed and used in “"Prediction of NIPTS due to
continuous noise exposure" by D. L. Johnson {Ex.

17),

The study by Dr. W{1liam L. Baughn of the General Motors
Corporation was performed between 1960 and 1965 (Ex. 11).
These data have been used in the development of the Air Force
report "Hazardous Noise Exposure” (Ex. 48) and for the current
150 standard 1999, "Assessment of Occupational Noise Exposure
for Hearing Conservation Purposes” (Ex. 11, p. iH{). The data
were published in 1973 as an Air Force technical report (Ex.
11). Or. Baughn studied the effects of average noise exposures
of 78 dB, 86 dB, and 92 dB on 6,835 industrial workers employed

.in midwestern plants producing automobile parts. Approximately

20,000 subjects had been excluded from the study because there
was 1nsufficient information about their exposure histories, er
because they had "mixed" exposuras (inciuding nonoccupational

sources). Subjects with anatomical abnormalities (such as ear
infections) were not screened from the noise-exposed or contraol
groups. Noise measurements had been taken over a perfod of 14

years, and through interviews, exposure histories were
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estimated as far back as 40 years (Ex. 11, p. 2). Dr. Baughn
“smoothed" th.e data and pr'esented families of curves shawing
the numbers of people exceeding a 15-dB fence at 500, 1000, and
2000 Hz referenced to the ASA 1951 audiametrie zero, which is
the equivalent of a 25-dB fence referenced to the ANSI 1969
zero level. He also provided data for fences of 5 dB to 40 dB
{ASA), which would transiate to 15 dB to 50 dB (ANSI). Since
the exposura categories were for 78 dB, 86 dB and 92 dB, Dr.
Baughn 1ﬁterpu1ated so as to provide estimates for exposures to
80 dB, 85 dB and 92 dB. He also extrapolated to exposure
levels up to 115 dB, but the data above 95 dB were not used in
Cal. Johnson's report or the comparisons shaown earlier.

Figure 1 shows Baughn's estimates of the percentages of the
exposed population that will cross a 25-dB fence as a result of
exposure to dafly average noise levels of B0 dB to 115 dB.
Since thesa estimates use the frequencies 500, 1000, and 2000
Hz, the numbers of people crossing a 25-dB fence at 1000, 2000,
and 3000 Hz would be expected to be greater.

Baughn's study was criticized because in some cases as
Tittle as 20 minutes of recovery time was allowed prior to
audiometric testing (Ex. 17, p. 2; Ex. 3, p. 39; Ex. 26-3, p.
5-15; Ex. 138A, p. 2-17). As a result the data may have been
influenced to some extent by temporary threshold shift, which
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would have the effect of making the noise-exposed group's
hearing threshold levels appear worse than they sheould. The
study. was also criticized because the control group may have
had average exposures as high as 78 dB so that they may also
have had a small amount of occupational hearing lass (E.x. 17,
p. 2; Ex. 138A, p. 2-17). If the control group's hearing
lavels were s51ightly inflated, thfs would tend to reduce the
difference between the hearing levels of the exposed and
control groups: These potential flaws would have the tandency
to offset each other when NIPTS 15 calculated. In addition,
Dr. Kryter (Ex. 50, pp. 9-12) pointed out that any residual TTS
after 20 minutes would be quite small (only 1 to 2 dB) for
those subjects who had already incurred a noise-induced hearing
loss. (T7S tends to became smaller after significant permanent
loss s {ncurred.)

One practical limttation of the Baughn study is that the
author did not provide hearing loss data at separate
frequencies, but only at the combined frequencies of 500, 1000,
and 2000 Hz, and then separately for 4000 Hz (Ex. 11, pp. 4,
30; Ex. 5, p. 43804). Thus, it s not possible to estimate
hearing loss, for exanple, at only 2000 Hz, or for the conbined
frequencies 1000, 2000, and 3000 Hz. khile this may result in

some procedural problems for researchers and administrators, it
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does not detract fram the validity of the study. The sampie
size appears to be the largest in any single hearing 1lo0ss
stud_y._ and the study has received support from other scientists'
and organizations. The results are not incompatible with other
data in the record. Therefore, 0SHA believes that the Baughn
study r‘epresen'ts a valuable contribution to the public record,

Dr. W. Passchier-Vermeer's data on steady-state noise
exposyre do not apl;ear in the hearing record except as they are
présented by Col. Johnson (Ex. 17 and Ex. 310). Dr.
Passchier-Vermeer presented in 1968 an exhaustive review of
hearing 1oss as a function of exposure to average noise levels
of about 80 dB to 102 d8, bhaving summed, analyzed, and
correlated data fram many Sources (E_x. 17, pp. 2,3, 12-14).
The data consisted of laboratory and field studies conducted by
British, Dutch, Swedfish, and U.S. investigators.

Figure 2 shows medfan NIPTS at various frequencies as a
function of nofse exposure for a perfod of 10 years. Figurae 3
shows medfan NIPTS after 40 years of noise exposure. These
figures, which were submitted by EPA (Ex. 5, p. 43803), are
taken from Or. Passchier-Vermeer's reports. Of course the
noise-1induced permmanent threshold shift would he expected to be
more severe for the more susceptible individuals in the higher

centiles of the populatfon, such as the S50th or the 95th

centiles.
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Figure 3, Median noise-induced threshold shift for various
audiametric frequencies as a function of average daily moise
exposure level for 40 years. Data are fram Passchier-Vermear
(in Ex. 5, p. 43803).
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Four of the 10 studies analyzed by Dr. Passchier-Vermeer
were discussed briefly in documents prepared by NIOSH (Ex. 1),
EPA (Ex. 31), and Drs. Burns and Robinson (Ex. 12). The NIOSH
criteria document reported that Drs. Taylor, Pearson, Mair, and
Burns studfed 291 working and retired jute weavers who were
exposed to average overall sound pressure levels of 99 to 102
8., The investigators found the greatest deterioration of
hearing occurred in the first 10 to 15 years of exposure (Ex.
1, p. § Table IV). NIOSH also reported on a study by Drs.
Burns, Hinchcliffe, and Littler of 174 textile spinners and
weavers exposed to average overall (unweighted) sound pressure
levels of 100 to 101 dB. Hearing losses were found to be
greater for the weavers than for the spinners (Ex. 1, p. 6 of
Table IV).

EPA's document entitled Public Health and Welfare Criteria
for Noise described a study by Gallo and Glorig, which also was
used by Dr. Passchier-Vermeer, as well as the study by Taylor
et al., mentfoned above, According to EPA (Ex. 31, p. 5-5),
Drs. Gallo and Glorig measured the hearing levels of 400 men
aged 18-65, and 90 women, aged 18~35, exposed to an average
overall sound pressure level of 102 dB8. The population had
been screened to exclude nonoccupational noise exposure and

otological abnormalities. The results showed that
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high-frequency hearing loss rose rapidly during the first. 15
years of éxposure, but that hearing loss in the mid-frequencies
contiqued to rise in a linpear manner up to 40 years of exposure.

Drs. Burns and Robinson (Ex. 12, pp. 220-228) also
discussed the studies of Gallo and Glorig, and Taylor et al.
In addition, they described a study by Dr. B. Kylin, wiich also
was wused by Or. Passchier-Vermeer, of 89 men exposed for
durations of 10 to 15 years, and 2 male controls. Neither
popu‘lat*lop was screened for military noise exposure or for ear
disease. (These factors should not have influenced the actual
NIPTS since they were distributed evenly among the noise
axposed and control populations (Ex. 12, p. 226).) Drs. Burns
and Robinson compared the results of their study with those of
the three selected studies (Gallo and Glorig, Taylor et al.,
and' K_yHri), and with the results predicted by Dr.

Passchier~Vermeer on the basis of all of the studies she

‘analyzed. They found, using median hearing loss values, that

agreanent among 211 of the results was good for the
mid-frequencies (500, 1000, and 2000 Hz), but that their own
data and method of prediction showed somewhat lower values

{less hear{ng toss) for the higher frequencies (3000, 4000, and
6000 Hz) (Ex. 12, p. 227). The authors suggested that this
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finding might be due to differences in noise monitoring and
subject selection techniques used by the various investigators
(Ex. 12, p. 228).

Because the Passchier-Vermeer data resulted from a
synthesis of many studies, same people argued that their
quality was difficult to judge (Ex. 50, p. 8). Others noted
that the nrﬁg1na1 report only presented data for quartile
groups (25th, 50th and 75th centiles) and neglected to address
the more varjant hearing 1eve1$ found In the extremes of the
population (Ex. 3, p. 3; Ex. 17, p. 2; Ex. 26-3, p. §-14).
Col. Johnson has extrapolated the data to the 10th and 90th
centiles so that it would be averaged with those of the other
studfes (Ex. 17, p. 14 and Ex. 310, p. 7). Col. Johnson
reported (Ex. 17, p. 14) that in a paper published in 1971, Or.
Passchier-Vermeer did publish the data for the 10th and 90th
centiles, ’and these data were in agreement with Johnson's
extrapolations.

The Passchier-Vermeer data are useful 1{n that hearing
levels are given for the discrete audiometrfc frequencies 500,
1poo, 2000, 3000, 4000, 6000, and 8000 MWz, resulting from
exposure levels of 80 dB, 85 dB, and 90 dB. ATso, the Agency
belfeves that averaging the results from a number of studies

may be considered an advantage in that it ought to minimize any
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ananalies that might occur as a result of any one study. The
Passchier-Vermeer data also were supported by various witnesses
and comments to the record, (Ex. 47, p. 8; Ex. 216 A, p. 5).

PDr. W. Burns (Ex. 54) reported on a study of British
factory workers that he and .Or. D. W. Robinson conducted
between 1963 and 1968, The complete study tlaas submitted to the
record by OSHA as Exhibit 12. The study's population consisted
of 759 subjects exposed to average noise Tevels between 75 dB
and 120 dB and 97 non-noise exposed control subjects.” The
range of exposure durations was one month to 50 years.
Exposure levels were taken in octave bands franm 63 to 8000 Hz,
and A-weighted measurements alse were taken. Approximately
4000 audfograms were performed. Subjects werae scr"eened
thoroughly to exclude exposure histories that were not readily
quantifiable (to some extent unknown), exposure to gunfire, ear
disease or abnormality, and Tanguage difficulties (Ex. 12, p.
12). The fnvestigators found that hearing levels of people
exposed to certain noise levels for certain durations were much
the same as those of others exposed to higher levels for
shorter times (Ex. 12, p. 17}, They found that this
relationship held for relatively short durations as well as for
many years of exposure (Ex. 12, pp. 17-18). Consequently, they

developed a mathematical formula to predict hearing levels 1n
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the frequencies 500 through 6000 Hz {n various percentages of
the exposed population due to specific levels and durations of
noise (Ex. 12, pp. 100-151). Data fram the Burns and Rabinsan
study are shown combined with those of Dr. Passchier-Vermesr in
Table 2 above.

The Burns and Robinsen study has been criticized on the
grounds that eliminating all workers with any form of
nonoccupational hearing loss by extensive screening (which
appeared to be more rigorous than in the other studies) would
causeé the resulting hearing levels to be an underestimate of
the total "real-lifa" hearing loss picture (Ex. 40, p. 7; Ex.
50, p. 17). This problem has been eliminated in the analyses
performmed by Col. Johnsan (Ex. 17 and 31Q) and by OSHA in the
Benefits section, by using only the NIPTS data from Burns and
Robinson and adding values for presbycusis fram i normal,
unscreened population {such as the U.S. Public Health Survey
data). , |

The Burns and Robinson study was also criticized by
Terrence Dear of the DuPont Cempany for including subjects
exposed to Impulse noise (Tr: B864-886), although the authors
majntained that they tried to minimize such exposures, and that
{mpulse noise exposures only would have occurred in a
relatively small rnumber of cases where subjects were exposed to

high ievels of continuous noise (Tr: 864-866; Ex. 12, p. 97).
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On the whole, 0SHA believes that the study by Burns and
Robinson represents a very through, well=controlled study, with
results that are extremely useful in predicting the effect of
noise'exposure on hearing.

NIOSH submitted to the record a vreport entitled
"Occupational Noise and Hearing", 1968-1872 (Ex. 26-2). The
dose-response relationships deseribed 1in this report had been
used by NIOSH 1in making the recommendations in fits criteria
document (Ex. 1), The -report (Ex. 26-2, p. vi} presented
background information about the study, and statistical
analyses that were meant to complement the analyses that had
already been published in the criterfa document. NIOSH studied
a population of 792 {ndustrial workers exposed to average noise
levels of 85 dB, 90 dB, and 95 dB, and a control population of
380 subjects who ware exposed to average levels below 80 dB.
($nce the contro) population was exposed to levels as high as
80 d8, a few members qf the group may have incurred 'some zmount
of occupational hearing loss, and therefore the study would be
subject to the same criticism as the study of Dr. Baughn.)
Although the exposures were primarily to steady-state noise,
exposura levels fluctuated slightly within each category. The
total population was screened to exclude subjects who had been

exposed to noise from gunfire, and who showed some sign of ear
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disease or audiometric irregularity (Ex. 262, pp. 6-7}.

Subjects ranged in age fram 17 to 65 years. Data were
presented for hearing levels of the 10th, 25th, 50th, 75th, and
90th centiles for various age groups and exposure durations,
resulting.from average exposuras to 85 dB, 90 dB, and 95 dB.
The authors concluded that the data substantiated the results
of other similar investigations, but that they pertained only
to simple or ‘“ordinary" noise enviromnents, as opposed to
complex environments such as lengthened exposures, seasonal
exposures, impact or Impulsive noise, and high frequency noise
{Ex. 26-2, p. 15},

Data from the NIOSH study have not been used in the

.prediction of benefits fran the hearing conservation

anendment. Col. Johnson statad in his report {(Ex. 17, p. 10)
that he did not use the NIOSH data in the analysis performed
for EPA because the data had not yet been “smoothed," which
would make it difficult to make pradictions. Also, the NIOSH
data were 1imited to exposures of B85, 90 and 95 dB, thus
preventing hearing loss estimates for exposures to 80 dB and
100 dB. Nevertheless, the data are generally consistent with
the results of the other studies discussed above.

Results of the NIOSH study are shown in Figure 4 (Ex. 26-2,

p. 41). This figure shows hearing level by audiometric
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frequency as a function of noise exposure to levels of BS, 90,
and 95 dB. Population distributions are shown for the least
sensitive {labeled in this case the 10th centiie) to the most
sensitive (the 90th centile) groups, and are compared to the
nan-noise-axposed control group. This study shows that
differances betwean median hearing levels Increase with
exposure 1level and duration. Also, more importantly, the
distribution of hearing levels becames considerably greater as
exposure level, duration, and age increase. .

In another study, Dr. R.H. Martin, Dr. E.S. Gibson, and
J.N. Lockington (Ex. 36) related the degree of employee hearing
loss to average nofse levels of 85 and 90 dB in industrial
plants. The population consisted of 228 Canadian industrial
workers ranging fraon 18 to 65 years of age who were screenad to
exclude non-cccupational hearing loss. The control group
consisted of 143 subjects with minimal occupational noise
exposure. The study concluded that the risk of hearing loss at
500, 1000, and 2000 Hz increases significantly between 85 and
90 dB, leaving a portion of the population at risk {up to 22
percent) by a nofse exposure standard of 90 dB.

E11iott Berger, with Drs. Royster and Thomas (Ex. 266A)
examined a North Carolina 1industrial population that had been

expesed for 10 to 12 years to dally average noise levels of 88
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to 89 dB. The population consisted of 42 men working in one
Tocation .of the plant and 58 women working in | another
location.  Control subjects were drawn from the same
geographical area, and were screened to exclude any
occupational noise exposure. Because of the relatively short
exposure duratifon and the moderate exposure Tavels, the
investigators analyzed only the losses at 4000 Hz, where they
found hearing levels samewhat worse for men.than for wamen (Ex.
266A, pp. 82-83). They concluded that the observed hearing

. Tosses  were  compatible with  the data of  Baughn,

Passchfar-Yermeer, Burns and Robinson, and NIbSH. with
compatibility being greater for the male than for the female
subjects (Ex. 266A, pp. Bl-85).

In the Inter-Industry Noise Study. (IINS} (Ex. 304) the
authors measured noise exposure and hearing levels of 348
industrial subjects. Daily average noise exposure levels were
between 82 and 92 dB for durations ranging frem 3 years to
greater than 30 years. There were 228 matched control subjects
whose noise exposures were less than 75 dB. After analyzing
the data the authors concluded that differences in hearing
levels between the control and experimental populations were

not statistically significant at the frequencies 500, 1000, and
2000 Hz. Differences at 3000, 4000, and 6000 Hz were
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statistically significant for male subjects, but not for
femates (Ex. 304, p. B}, 1In an editorial immediately following
the 1INS Research Report 1in the Journal of Occupational
Medicine (JOM), Dr. Robert O'Connor stated:

From this study it appears that 90 dB 15 as protective

as 85, as far as women's hearing is concerned. In the

case of men, if a small amount of hearing loss in

frequencies that are well beyond the speech range is

considered unacceptable, then this study sua?orts a

standard of 85. (Ex. 304, p. 8) (in JOM, 17:

760-770, 1975, p. 770}.

The Envirommental Protection Agency «(Ex. 321-16A, p. 2)
stated that there were major technical problems in the design,
administration, and analysis of the Inter-Industry Noise Study

which "raise serious questions concerning the technical

- appropriateness and usefulness of a number of the conclusions

which were presented in the 1978 JOM publication."”

A NIOSH report prepared by Barry Lempert also criticized
the study by stating that the results included only mean or
average thearing level comparisons while much more highly
significant effects are found when the full distribution of
hearing ‘levels 15 presented (Ex. 321-36A, p. 1). After
reviewing and reanalyzing the IINS raw data, and using
evaluation techniques developed for the 1972 criteria decument,
NIOSH reaffirmed that “exposure to 85 dBA should allow no more

than 4n increase of 10 to 15 percentage points in the incidence
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of hearing impairment" relative to a non-noise exposed
population (Ex. 321-36A, p. 4).

Col. Johnson and Dr. Thomas Schori alsoc analyzed the raw
data fram the IINS, and submitted a review of the data (Ex.
321-21A). The authors concluded that the hearing levels found
in the IINS were essentially the same as those found in other
noise and hearing loss studies (Ex. 321-22A, p. 16). '

Having reviewed the study, the critiques (Ex. 321-16A; Ex.
321-36A; Ex. 321-21A), and a critique of a critique (Motor
Vehicle Manufacturers Assoc., Ex. 321-8A), OSHA has determined
that the findings of the lINS do not contradict those of the
studies described earlier. ‘The Agency disagrees with the
conclusfons of Dr. 0'Connor that 90 dB 1s as protective as 85
dB8. Although the IINS did not find the differencas between
mean hearing levels of the female experimental and control
groups statistically significant, there were differances at
every frequency, showing greater hearing loss for noise-exposed
than for control subjects (Ex. 804, p. 4). As Lempert pointed
out, these differences would have been much targer {if the full
distribution of hearing levels had been presented, showing the
more susceptible elements of the population. The same argument
would apply to the differences between mean hearing laveis of

the male experimental and control groups, where systematic
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differences are shown. The fact that the standard deviations
were greater for noisa-exposed than for non-noise-exposad
group§ at nearily every frequency (Ex. 304, p. 4) supports this
argunent. In additfon, OSHA disagrees with Dr. QfConnor that
the frequencies above 2000 Hz "are well beyond the spaech
range," on the basis of the many studies and comments cited
earljer, showing the Importance of high-frequency hearing for
understanding speech in everyday conditions (Ex. 46, p. 363;
Ex. 26-1; p. 3; Ex. 26-6, p. 830; Ex. 228, p. 8; Ex. &, p.
43803; Ex. 51, pp. 6-7).

Or. Royster submitted a series of reports to the record
(Ex. 321-22 A through H). Same of these reports discussed
recent findings by Dr. Royster and his colleagues that
differences in sex and race are evident fn the growth of NIPTS
(Ex. 321-22A, pp. 18-19), as well as in the growth of
presbycusis (Ex. 321-228, p. 510; Ex. 321-22C, pp. 116-118; Ex.
321-22D, pp. 1-2). After examining the audiograms of 2 large
Nbrth Carolina industrial population (Ex. 321-22A), Drs.
Royster and Thomas concluded that hearing threshoid lavels
differ 519n1f1cnntly according to race and sex and that these
differences are greater for the higher audiometric frequencies

and 1ncrease with age. In their subject population, black
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wamen had the hest hearing, followed by white wamen, black men,
and finally, white men after noise exposure (Ex. 321-22A, pp.
15, 18-19).

Sex differences in hearing Tevels have been noted 1in
nunerous studies of non-noise-exposed populations (Ex. 31, p.
4.4, Ex. 321-22, p. 7 Ex. 279, pp. 11-8, pp. 41-44). OSHA has
tncorporated the NIOSH presbycusis data (Ex. 1, pp. [-16 to
1-17) for men and women separately in Appendix F of the
anendnent.  Also, the Agency has calculated the benefits
anticipated from hearing conservation programs using saparate
presbycusis data for men and for wamen. Actual NIPTS values
have not been differentiated according to sex because data for
men ur]d wanen shown separataely were not available for the major
studies mentioned above (Burns and Robinson, Passchier-Vermeer,
Baughn, and MIOSH).

Drs. Burns and Robinson (Ex. 12, pp. 145-147) found small
but persistent sex differences in noise-induced hearing 7loss,
suggesting that NIPTS developed slightly more rapidly fn men
than in women. However, thay did not present separate data for
men and women. The IINS also showed slightly larger NIPTS
values for men than for women both in the control and in the
experimental populations (Ex. 304, pp. 4-8). Col. Jchnson (Ex.
17 and Ex. 310) did not display NIPTS values separately for men.
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and women, but he did show different data for certain
non-noise-exposed populations, and therefore for certain
estimates of the percentage at risk (Ex. 310), The studies hy
Baughr; (Ex. 11), NIOSH ({Ex. 26~2), Passchier-Vermeer ({as
reported by Johnson in Ex. 17), and Martin et al. {(Ex. 38) did
not present different NIPTS data for male and female subjects.
0SHA believes that there 1{s relatively 1ttle -evidence
avajlable at this time to show that the hearing of men and
wanen is differently affected by noise exposure, but that there
1s  considerable evidence that  differences exist in
non=noise-exposed populations. Therefore, for estimating the
benefit'..s of hearing conservation programs, the Agency has used
Col. Johnson's analysis of the Burns and Robinson and
Passchier-Varmeer data, which shows sex differences for
presbycusis but not for NIPTS. For any additional breakdown by
sex or race the Agency will await further experimental evidence.

OSHA believes that the above studies are meritorious and
are sufficient to make good estimates of the benefits to be
derived from hearing conservation programs, despite any
criticisms raised. -Or. von Gierke stated that "“in spite of

sane uncertainties and everybody's desire for the ‘perfect’

study, there is adequate information available to predict with
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reasonable confidence the hearing impairment produced in the

general population by a lifetime’s exposure to continuous

noise" (Tr. 705-706).

Conclusions frem Hearing Less Studies

Having established a definition of material impaivment of
hearing and discussed the various studies, same attention must
be given to the various interpretations of the noise exposure
and hearing loss data. Not all of the commenters jnterpreted
the data in a similar manner. -

Generally the argument for protecting’ workers above 85 dB
is made on two grounds: analysis of NIPTS and of the
percentage at risk. These data showed that not only is the
amount of hearing loss significantly greater at an average
daily exposure lavel of 90 dB than at B85 dB, but also
considerably more people are at risk of incurring material
impajrment (Ex. 40, p. 3; Ex. 47, p. 19; Ex. 57, p. 8; Ex. 82,
pp. 1-4; Ex. &, p. 12337; Ex. 26-1, p. 2).

Using the data of Baughn, Passchier-Vermeer, and Burns and
Robinson, the Envirommental Protection Agency found that haif
as many people are at risk of impairment at a dafly averacge
noise level of 85 dB as at 90 dB (Ex. 138A, p. 1-4; Ex. 5, p.
43805; Ex., 189-5, p. 6)}. In addition, the amount of NIPTS

doubles between 85 dB and 90 dB, especially for the freguencies
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1000, 2000, and 3000 Wz (Ex. 5, p. 43804). In order to prevent
any measurable hearing loss over a 40-year period the EPA
1dent1_f1ed a maximum 8-hour average daily noise exposure level
of 75 dB (Ex. §, p. 43803; Ex. 30, p. 4).

NIOSH also found that the populatfon at risk due to
Tifetime exposures to average dafly levels of 90 dB would be
twice the size of the population at risk from 85 dB. The
estimates were 29 percent and 15 percent, respectiveiy (Ex. 1,
Tables XV and XVII). Or. Maller alse noted that the number of
impaired people doubles when average levels are increased from
85 to 90 dB (Ex. 88, p. 33).

There were numerous comments in the record concerning the
amount of protection afforded by an average daily expesure
Tevel of 90 dB. Estimates of the percentage of unprotected
workers ranged fram 1 percent to 30 percent. Many comenters
supported the 90-dB level based on OSHA's estimate that 98
percent of the population would be protected (Ex. 14-11, p. 1;
Ex. 14-45, p. 1; Ex. 14-81, p. 1; Ex. 14157, p. 2; Ex. 14-189,
p.‘l).

In OSHA's draft Environmental Impact Statement (Ex. 3, App.
D, p. 12337) the Agency incorrectly stated that an exposure
Teve] of 90 dB would protect 98 percent of the exposed

population. This estimate was based on the data and method of
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Burns and Robinson, using a 25-dB fence for the frequencies
500, 1000, and 2000 Hz, and a 30-year exposure duration.
Later, an EPA representative (Ex. 40) pointed out that QSHA had
neglected to perform one of the steps in thae Burns and Robinson
method, (step 7 on p. 132 of Ex. 12). Using the same data and
method, the risk would actually be muth greater than 2 percent
(Ex. 40, pp. 5-6). Or. Burns clarified the matter by
explafning the distinction between hearing Jevel, which
includes presbycusis, and hearing loss, which does not (Ex.
54-2, pp. 1, 2).

Dr. Ward (Ex. 222C, p. 7) based his recomendation
exclusively on Passchier-VYermeer's data, which, he claimed,
shovwad that no workers would exceed a 25-~dB hearing loss at the
frequencfes 500, 1000, or 2000 Hz due to exposure between B85
and 90 dB. For this reason Dr. Ward concluded that 90 dB
proteéts workers froam a “noticeable" hearing loss (Ex. 64, p.
3). This interpretation of Passchier-Vermeer's data is at
variance with the interpretatfon of EPA and Col. Johnson. EPA
submitted a graph of Passchier-Vermeer's data showing hearing
loss as a function of noise exposure (Ex. 5, p. 43803).

Although the median NIFTS from a 40-year exposure to 80 dB s
essentially zero at 500 and 1000 Hz, it is ‘near'!y 10 dB at 2000

Hz. HWhile the resulting median hearing levels would be quite
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small when added to the hearing loss from aging, they would be
sufficient to ensure that some members of the exposed
population would cross a 25-dB fence. Considering that nearly
3 mi1lion workers are exposed to dajly average noise Tevels of
90 dB and above, 50 percent of the population, or 1.5 million
werkers, would be expected to ha;re at least 'this much NIPTS.
Also, the NIPTS values would be expected to be larger for more
sensitive individuals. Median NIPTS data say very little about
actual hearing levels in the more susceptible members of the
exposed population. As described above, when Johnson and EPA
combinad the data of Passchier-Vermeer with those of Baughn,
and Burns and Robinson, the risk of crossing a 25-dB fence at

800, 1000, and 2000 Hz was 12 percent from exposure fo g5 ds,.

and 22 percent fram exposure to 90 dB (Ex. 5, p. 43805).

Finaily, as menticned earlier, both the NIPTS and the risk are
greater when 3000 Hz is {ncluded in the averaging and 500 Hz is
eliminated.

OSHA has considered the definition of material impairment
as it relates to hearing loss in 1ight of a large body of data
on the effects of noise on hearing. The Agency has determined
that many workers will be at risk of material impaimment of
hearing, and possibly fincur other kinds of physiological

damage, when they are exposed to daily average sound levels
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above 90 dB over a working 1lifetime. Same workers will be
expected to develop a material impairment of hearing if they
are exposed to daily average sound levels between 85 and 90 dB,
and a.few will even develop a materiail impairment from average
levels between B0 and 85 dB. Since it 1s pessible to incur
noisa-induced h2aring loss as a raesult of exposure to dafly
average levels less than 90 dB, OSHA has determined that it {s
hecessary to {nitiate audiometric testing and other aspects of
the hearing conservation program at a time-weighted average
sound level of B85 dB. The practice of requiring an "actioen
level," a point well below the pemmissible exposure lavel at
which protective action 1is taken, s consistent with OSHA's
policy of protecting workers before they are overexposed.
Moreover, the fipal standard will identify those in the expased
population that might be more sensitive to noise, and protect
them before they suffer further adverse effects. In keeping
with this policy, employers may wish to provide audiametric
testing for employees whose THA's are bhetween 80 and 85 dB, s0
that the few most susceptible workers might be identified and

protected.
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Extra~Auditory Effects of Noise

The most obvious physiological effect of noise is damage to
the al_.:d'itory system. However, depending upen the 1level, type,
and duration of the noise, a variety of extra-auditory effects
have been observed, which will be discussed in the following
paragraphs. In addition, it should be noted that people who
are exposed to noise at work may also be exposad to noise
during their non-working hours. For exanple, many workers 1ive
in areas where there {s highway and afrcraft nofse as well as
noise from industrial plants. Industrial workers who T1ive fin
the urban settings are sanetimes stressed by noise 24 hours a
day without respite, and without adequate opportunity to
recover, either physiologically or psychologically.  Thus,
effects that might otherwise have been temporary would tend to
became chronic.

Although there is a substantial body of data suggesting a
wide variety of notse-induced physfological responses, specific
responses to specific noise doses have not yet been
identified. The evidence of noise-induced health effects is
not conclusive for 8-hour exposures of 85 dB, or 90 dB, or aven
higher levels experienced over a working lifetime. However, to
ignore this large body of data 1{s to. undervalue the
s1gn1f1£ance of the adverse effects {Ex. 5, p. 43806; Ex. 1384,
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p. 2-31)._ Both testimu.ny and written exhibits, ingluding
subjective and experimental evidence, findicate that nofse can
be harmful to human health {Ex. 2C-106, p. 2; Ex. 2C-111, p. 1;
Ex. 2C-4, p. 1; Ex. 96, pp. 277-281; Ex. 189-8, p. 2; Ex. 2BA,
pp. 18-24, 27-28, 4l-44, 46-49; Ex, 32, App. B, pp. 6-11; Ex.

79, p. 2; Ex. 173, pp. 1-2, 7-8; Ex. 84, Attach. 2, pp. 1-2).

During the 1875 and 1976 pubif¢c hearings most of the
evidence that was submitted was anecdotal, although some

studies were submitted by individuals (Ex. 28A), unions {Ex.
88, Ex., 95, Ex. 96, Ex. 97, Ex. 98), and government agencies

(Ex. 26-9; Ex. 26-10; Ex. 26-3; Ex, 26-11; Ex. 32; Ex. 40).
Leonard Woodcock, then president of the United Auto Workers,

stated:

1 am sure that there are many limitations to
these studies, a5 there always seems to be in
this sort of work. But we think there is truth
to these studies since it matchas our subjective
experience. MWe expect that future research into
this important area will offer more definftive
data. (Ex. 79, p. 5) A

According to Ruth Knowles, then president of Local 1716 of

the Textile Workers Unfon (Tr. 2024}, "Same workers have been

forced to retire Jong before retirement age because of

hypertension." She goes on to state that im her opinion the
high noise exposure in the weave department could have been a

factor in those Tnstances.
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The major concern over extra-auditory health effects from
noise arises from the fact that noise has the ability to act as
a geqera!, non-specific, biological stressor (Ex. 138a, »p.
2-31}. Evidence suggests that the stress reaction produced by
noise is not unlike that produced by other stressors; that is,
2 generalized reaction govarned by sympathetic activation of

the autonomic nervous system.
The concept of biological stress, first introduced by Dr.

Hans Selye, has been described as "the nonspecific response of
the body to any demand made wupon 1t; a stereotyped,
phylogenetically old adsptation pattern primarily preparing the
organism for physical activity, e.g., fight or flight." (Ex.
1384, p. 2-32).

This stress reaction produces a widespread change in bodily
activity. There 15 a rise 1n blood pressure, a rise 1in
pressure dnside the head and an increase in sweating. The
heart rate increases, there are.changes in breathing and there
may be a sharp constriction of the muscles over the whole body
(Ex. 26-9, p. 10-8), These changes are 1{ikely to be mediated
by 1increased adrenal secretion of the catecholamine hormones,

epinephrine and norepinephrine (Ex. 138A, p. 2-32).




In the hearing record two theories were proposed to explain
the mechanisms by which these stress-ralated physiological
changes can have an impact on human health. Two conceivable
damage pathways were déve'foped: '

1. Abnormalities in blood pressure regulation that lead

to hypertension.

2. .Increased blood platelet adhesiveness that accelerates
the development of atherosclerotic plaques 1in the
walls of the arterjes,

Each of t!'fese stress~-related damage pathways is discussed

in turn.

1. The theory that noise stress can result in hypertension
is supported by Dr. Bruce Welch (Ex. 321.16E, pp. 1-11) and Dr.
Ernest Peterson (Ex. 321-16D, pp. 1,4,10) as well as by
numerous other researchers, referred to in these and other
exhibits (Ex. 88, p. 6; Ex. 96, p. 279). 1Intense industrial
sound dimpairs the regulation of blood pressure, the most
distinct manifestation of which is an increased prevalence of
hypertension (Ex. 321-16E, p. 2).

According to DOr. HWelch, hypotension, or reduced blood
pressure levels, also can result fram noise stress (Ex.
321-16E, pp. 3-4). Both hyper« and hypo-tension fundamentally

are disorders of e¢irculatory regulation. They are
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characterized by exaggerated and {nappropriate cardiac and
vasomotor response to changes in body position or physical and
psychological stimuli (Ex. 321-16€, p. 8). This increase in
vascular Tabflity (or changeability) under noise stress affects
the circulatory adjustments that must nommally be made during
the course of a working day (Ex. 321-16E, p. 9). For those who
already have impaired circulation, excessive vascular lability
can lead to congestive heart faflure, cardiac ischemia, or
cardfovascular stroke. In fact it has been established that
hypertension, even at moderate elavations, is associated with
increased risk of coronary and cerebrovascular disease (Ex.
321-16E, p. 3).

2. In a report submitted by EPA (Ex. 13BA, p. 2-40) Hattis
et al. propesed another pathway theory, which i{nvelves an
increase in the adhesiveness of bhlood platelets. Increased
platelet adhesiveness has ¢lear potential for negative side
effects, due to an increased tendency for the formation of
thrambi, small agaregates of platelets and other blood
components Jdnvolved in the clotting process. These thrombi
contribute to the buildup of atherosclerotic plagues, which

gradually narrow the arterjes and reduce the oxygen supply to
vital tissues. A heart attack can occur when there is complete

blockage of an artery to the heart muscle, or when the demand
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for blood oxygen is greater than that which can be supplied
through a narrowed coronary artery. These effects can be
cumu]a_tive. for' the same thrombi that contributed to a gradual
narrowing of the arteries c¢an complete the sequence by forming
the final occlusion leading to tissue death in the heart,

Two epidemiological studies that were submitied to the
record are of particular importance. In a classic study of
German fron and sieel workers (Ex. 98, p. 219), Dr. Gerd Jansen
found that 62 percent of the workers chronically exposed to
noise Tevels above S0 dB had “peripheral circulatory symptoms"
compared to 48 percent of th‘ose exposed to lower levals.
Physiological and psycholegical examinations were perfomed to
determine the extent to which the differance could be caused by
non-accupational facters. Dr. Jansen concluded that noise
interferes with involuntary bodily functions, and as such could
be a serfous health risk. .

A NIOSH-sponsarad study (Ex. 29, pp. 441-452) performed by
the Raytheon Service Campany lends further support to these
findings. The medical records of factory workers routinely
exposed to high noise levels (at or above 95 dB) were compared
to those of a population exposed to lower nofse levels {at or
below 80 dB). Statistically significant differences in the

number of cardiovascular and circulatory disorders as well as
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other health problemns and complaints were found between the two
groups. In a follow-up study the Raytheon Service Company
compared medical records of workers exposed to high noise
1eve1§ {prior to the implementation of a hearing conservation
program) with records of the same workers after a hearing
conservation program had been put into effect.. The overall
results indicated fewer accidents, diagnosed medical disorders,
and absences during the period when workers were involved in a
hearing protection program. The Raytheon report sumarizes:

“In general, the results were interpreted as adding strong

suppert to the hypothesis that prolonged exposure to high
intensity noise {ncreases the incidence of varfous medical,
accident and atiendance prublau;:." (Ex. 2611, pp. 5-1 and
5-2).

In an experimental study (Ex. 2BA, pp. 42, 46~50} on the
effects of prolonged exposure to tonal pulses, Dr. Robert
Cantrell found statistically significant increases in plasma
cortisal and blood cholesterol levels when canpared with the
pre-expasure levels of his experimental subjects. Significant
increases were noted at noise Jevels of 80 and 85 dB, and were

pronounced at 90 dB.
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However, there was skepticism during the hearings about the
1mportancé of extra-auditory effects. The Edison Electric

Institute maintained that:

since there is no clear evidence on non-auditory
noise JImpact, an occupational noise standard
should not consfder this area. We recomnend that
the federal gqovermment undertake additional
Teng-term research as provided for in the 0SH Act
before pronul atin; standards for non-auditory
noise effects ?Ex. 3,

According to Dr. Bruce Karrh of DuPont:

I know of .no significant report of extra-auditory

physiological effects for persons with noise

exposure levels below 115 dBA. We have not
conducted a controiled scientific study on
non~auditory effects of noise at our plants

because our experience with our hearing

conservation program has not indicated a need for

such a study FEx. 114, p, 14).

In May of 1973 three Swedish researchers (Carlestam,
Karlsson, and Levi 1n Ex. 2, p. 485) pointaed out that "the
evidence in favor of nofse as a major pathogenetic
envirormental agent is rather shaky." '

Betwaen the 1975 hearings and the recent reopening of the
record {Apr{l1 1980), considerable research activity has

occurred, and new and more persuasive evidence has been

submitted to the raecord.
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The EPA submitted an analysis by Or. Welch {Ex. 321-16E) of
over forty studies from European and Soviet bloc nations of the
effects of noise exposure on the cardiovascular system. Dr.

Welch .found evidence of noise-induced structural changes in the

.heart, f{ncreased cardiac morbidity, cerebrovascular and

peripheral vascular disorders, and hypertension ({(Ex. 321-16E,
pp. 2-21), Dr. Melch admits that many of these studies
suffered from methodological problems, although approximately
half of then presented data in a statistically verifiabie
manner. Viewad as a whole, these studies represent a
consistant body of data containing significant evidence that
noise levels greater than 90 to 95 dB may increase the risk of
cardfovascuiar disease in exposed workers. He concludes:
In a practical sense, the available evidence now

demands that prolonged exposure to high intensity
sound be viewed 1n a much broader sense than
heretofore as a serfous threat to general human
health. The evidence for associating Tong-term
sound exposure with cardiovascular disease, 1n
particular, is comparable to that for asseciating
it with loss of hearing (Ex. 321-16E, p. 37).

In another report submitted by EPA (Ex. 321-16D, pp. 1-2),
Dr. Peterson alse discusses recent davelopments 1n research on
the extra-auditory effects of noise. He finds that by far the
largest body of evidence centers about the relationship between

prolonged exposure to fintense noise and cardiovascular

perfonnance. The most common occurrence is one of impaired
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regulation of blood prassure, which may be manifested either as
hypotension or hypertension. Other signs and symptoms that
occur  more frequently in  noise-exposed  workers  are
9bnon11.a1jt_1_es‘ in cardiac pacing, reduced stroke volume, various
- EKG abnormalities, and narrowing of retinal arteries. | Dr.
eI patersan-also. reported.on his own work (Ex. 321-16D, pp. 6-10),
v ,l;'.'g- '1abcjfr§tai~y “sltudy of the effects of protracted noise exposure
Lt onrhesus k}pohké-;:s'.rli Monkeys were chosen as an animal model so
"'_--‘_'::'-__:;;é#:"'_-tn..Féipsfa'lyi‘fqpproximate hunan response. As a result of
"'I-jfe-'lji:e‘f e;posufe scenarios (averaging 85 dB) for 9 months,

rth'e“ monkq'ysf,éhowed significant alterations in blood pressure

that were sustained even’ after cessation of the stimulus.
" A- third submission- by EPA (Ex. 321-16F) s a study of

".:German-breweny-workers. by Dr. H. Ising et al., who attempted to

quant‘lfyf—the ik to the’ cardiovascular system associated with

* exposure: ta nafse levels averaging 95 dB. Dr. Ising used each

tindividual’ . as~ his . own control by comparing various

itk -

cardiovéséu]ar' indicators with and without the use of hearing
'protectors.; In.so ‘doing he overcame same of the methodological
problems discussed by Dr, Peterson (Ex. 321-160, pp. 2-4) and
Dr. Weleh (Ex. 321-16E, pp. 35-37). ODr. Ising found that on
days when people worked without hearing protection, there vwas a

significant elevation in systolic blood pressure, changes fin
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arter{ial wall elasticity, and jncreased levels of catecholamine
hormones excreted 1in the urine. (The catecholamines are
characteristically secreted in response to stress, and have
been Sssociated with increased blood platelet adhesiveness and
with increases in blood pressure (Ex. 138A, pp. 2-32 and 2.33)).

Despite the quantity of evidence in the studies discussed
above, clear dose-response relationships do not yet exist for
the cardiovascular effects of noise. However, if, as the
evidence suggests, there is a causa-affect relationship between
noise and hypertensfon. the health Jmplications would be
widespread and serious (Ex. 79, p. 5; Ex. 266B, pp. 2,13,14-15;
Ex. 1384, p. 2-31; Ex. 321-16E, p. 37; Ex. 29, p. 485).

Other extra-auditory effacts are also discussed in the
record. The report of the initial Raytheon study, mentioned
above, deseribed other possible effects of notse (Ex. 29, pp.
449, 451), In addition to cardiovascular effects, the
investigators found evidence of digestive, raspiratory,
aliergenic, and musculo-skeletal disorders. Over a period of 5
years the number of diagnosed disorders in every category was
significantly higher for workers exposed to high noise levels

than it was for those exposed to Tawer nofse levels.
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In his report (Ex. 321-16E, p. 31), Dr. Welch discusses
neurological changes associated with long-term exposure to
occupational noise. After reviewing the scientific literature,
he finds that the sense of balance can be altered, that
reaction time s impaired, and that there is decreased tactile
sensitivity in the hands and feet. Dr. Cohen and Dr. Josaph
Anticaglia (Ex. 96, pp. 277) suggest that noise-fnduced
neurological changes may occcur as a result of overstimulation
of the brain's reticular formmation, JTeading to a state of
reflex hyperactivity and abnormal EEG response. The authors
noticed that 1aboratory subjects complained about feelings of
disorientation after exposure to high levels of noise (Ex. 96,
p. 278). Studies cited by Or. Edith Gulian (Ex. 97, pp. 38-39)
suppart this cbservation with factory workers as well. [t has
a1so been suggested that high levels of noise reduce the eye's
ab11{ity to focus clearly, and narrow the visual field (Ex. 97,
p. 35; Ex. 96, p. 278). These effects can be significant from
the standpoint of potential accidents and injurfes {(Ex. 96, p.

279}.
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VIV

IX1. BENEFITS

Introduct ion

Workers will derive substantial benefits from the hearing conservatidn
amendment. The primary benefit of the amendment will be a sizable
reduct'loln in the incidence of occupational hearing impairment for U.S.
vorkers. This reduction will substantially improve the health and quality
of 1ife of these workars. In addition, there will be possible declines 1in
the number of workplace accidents and in the incidence of cardiovascular
disease following the implementation of the amendment. The hearing
consarvation amendment will also create financial benefits stemming from
reductions in worker absenteeism and medical costs, which will partially
offset the costs of the anendment. Employers will profit by the decline in
vorkers' absences, while workers will benefit from the reduction in medical ‘
costs. Consumers and taxpayers as a whole will gain from a reductfon in
the socfetal subsidy to medical costs. These financial benefits furnish
additional support for the amendment. ‘
| Occupational hearing less damages the social relationships of impaired
vorkers by hindering their abi1ity to communicate with other workers, their
fanilies, and their friends. O0SHA's hearing conservatfon amendment, by
substantially reducfng the incidence of occupational hearing loss, will
improve the quality of 1ife far these individualc since they will no longer
nead to andure the difficulties and hardships axperienced by those who
associate with impatred workers. These improvements are also benefits of
this amendment.

In addition, other indirect benefits will occur. For example,
audiometric testing will indicate that there are workers with
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non-occupationally caused hearing difficultfes, thereby enabling their
referral to otologists for treatment. (For an example, see Ex. 321-1, p.
2.} Monitoring will provide information on workplace noise levals that may
be used by workers and their union reprasentatives in coliective bargaining
negotfatfans concerning work conditfons.  Howaver, these informatfonal
benefits are not sasily quantiffed, and the following discussion will focus
dn the benefits resulting from the increased use of personal hearing
protectors as required by the amendment.

The hearing conservation amendment will also lead to a more equitable
distrfbution of the costs and ‘-benefits of industrial production.
Currently, one undesirable side effect of industrial production is the loss
of hearing abﬂit} among a substantial number of workers. Although workers
bear this cost of industrial production, the benefits of this production .
are shared by firms, stockholders, and consumers, as well as by workers.
One traditional principle of distributional equity is that those who
benefit frum an activity should share in 1ts costs. In order to prevent
cccupatmnél hearing loss, implementation of the hearing conservation
amendment will impose compliance casts on firms. Depending on the
particular economic ¢ircumstances of th;ase firms, these costs may be passed
on to consumers or borne by stockholders. In both cases, most workers will
no longer bear the cost of occupational hearing Joss, while those who share
the benefits of Industrial production will share the costs of preventing
that loss.

Moreaver, the benefits of the reduced incidence of occupational

hearing loss will be experienced to a greater extent by poorer and lesser
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educated workers who often have little choice except to work in the
noisiest and least healthful Jobs. Evidence derived from a U.S. Public
Health Service Survey shows that for every age group, those of lower

educational attainment have a higher risk of hearing impairment than those

. with higher levels of education (Center for Policy Alternatives, “Some

Considerations,” Ex. 138A, 3-2 to 3-3). Thus, the reduced incidence of
occupational hearing Impairment will more than proportionately benefit
those with fewer material resources.

In this section, the varjous benefits of the hearing conservation
anendment are discussed. The primary benefit of the amendment--the
prevention of occupational hearing impairment~=-is treated extensively by
including first, an examination of the major studies in the record, second,
a description of OSHA's methodology for updating the aestimates of the
benefits and third, a presentation of the results of QSHA's calculatfans.
Several other effects of the amendment, incTuding improved workplace
safety, and possible reductions in cardiovascular {llness, absenteeism,
medical costs, and workers' compensation payments, are also discussed.
Finally, aithough the current record lacks the information needed for a

final evaluation, two possible benefits are analyzed: reduced annoyance and

improved productivity.

Material Impairment of Hearing Prevented

Praevious Estimates

Four major studies present in the record estimate the number of
hearing impairments that would be prevented by an OSHA standard regulating
occupational noise axposure. Although each has certain inadaquacies, taken

together they reveal that occupational noise > 85 dB impairs a substantial
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number of workers. Based on thase studies and OSHA's own calculatfons and
analysis, presented balow, the Agency has concluded that regulatory action
15 necessary.

Bolt, Beranek, and Newman, Inc. (BBN), a counsulting firm under
contract to OSHA, .preparad a report entitled *Impact of Noise Control at
the Horkplace* (Ex. 7), which was dated January 1, 1974. They astimated,
based on "informal discussioné with industry spokesmen”, their extansive
experience conducting noise surveys, and 1973 employment ‘datn, _that
8,524,000 workers (59.3 percent of the 14,382,000 production workers in 19
two-digit industriaes) ware exposed to noise lavels > 85 dB, while 3,755,000
workers (26.1 percent) were exposed to levels > 90 dB (BBN, Ex. 7, p. G-2).
For demonstration purposes they assumed that 30 percent of production
workars were exposed to levels > 90 dB and an additfonal 40 percent were
exposed bétween 85 and 90 dB. (Ex. 7, p. D-3). <Then using the risk data of
Baughn, thay calculated that maximum compliance with a 90 4B Permissible
Exposure Limit (PEL), which they referred to as "the present standard,"
would reduce the number handicapped at retirement by 700,000 (25 dB fence
at 500, 1000, and 2000 Hz); and that compliance with an 85 dB8 PEL would
reduce this number by an additional 770,000,

This study formed ﬁhe basis for BBN's testimony at the 1975 hearings.
After those hearings, OSHA contracted with BBN for a more extensive study
of workplace nofse and the iJmpact of 85 and 90 dB PEL's. The resulting
study, entitled "Economic Impact Analysis of Proposed Noise Control
Regulation® {Ex. 192}, was released by OSHA in 1976. 1In it, BBN estimated
that 4,468,400 workers (34.5 percent of the 12,939,300 production workars
fn the 19 industries studied) were exposed to noise levels > 85 dB, while
2,293,200 workers (19.3 percent) were exposed to levels > 90 dB (BBN, Ex.
182, p. 2.7).
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Using dose-response relationships for noise exposure and hearing

- impairment developed by Baughn and the teamn of Burns and Robinson, BBN

estimated the number' of hearing impairments that would occur under a number
of alternative requlations, definitions of material impairment, and
assunptions concerning Job mobiTity. They estimated that after
implementation of a 90 dB PEL, betwsen 86,400 and 875,100 workers would
still be impajred {25 dB fence at 500, 1000, and 2000 Hz) while an 85 dB
PEL would reduce this to between 44,400 and 631,200, Therafore, the
additional impairments prevented by an 85 dB PEL would be between 42,000
and 243,900 (BBN, Ex. 192, p. 2-35). (The range of estimates was due to
the use of two measures of the risk of {mpafrment: the Burns and Robinson
data for the lower bound and the Baughn data for the upper bound.)

In addition, BBN made estimates of the benefits of requiring hearing
protectaor use in combination with the 90 and 85 dB PEL's, They did this
using three diffearent assumptions concerning hearing protector use. First,
that all workers required would wear hearing protectors and three-fourths
of them would wear Ithem correctly. Second, that three-fourths of the
workers required to do so would wear hearing protectors and three-fourths
of them would wear their hearing protectors correctly. Third, that
one=half of the workers required to do so would wear hearing protectors and
one=half aof them would wear them correctly. In all cases, correct use of
hearing protectors was assumed to yield a 30 dB attenuation.

Using these assumptfons, BBN calculated that a 90 dB PEL for
engineering controls, with hearing protectar use for those exposed above 85
dB, would leave hetween 10.860 and 324,200 1mpa1r-ments.after 20 years of
exposure if everyone who required hearing protectors wore them. The
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number of impairments remaining in the workforce was larger under the
second and third assumptions. For these two assumptions, the estimates of
impairments remaining in the population were between 30,000 and 488,400
impatrments (second assumption), and 32,500 and 634,900 impairments (third
assumption) (B8N, Ex. 192, p. 2-35). .Campared to the effects of a 90 dB
PEL, the use of hearing protectors by those exposed ahove 85 dB was
therefore estimated to prevent at least an additional 53,500 to 75,600
impairments (Tower bound estimate based on the Burns and Robinson data) ar
an additional 240,200 to 550,900 impairments (upper bound estimate based on
the ﬁaughn data).

The estimates provided by BBN require updating for; seyeral reasons.
First, the production work force of 12,939,300 for .the 19 industries
studfed by BBN was based on employment .data for 1978.  Second, BB8N
caleulated the benefits of nofse control assuming a mr_-kforce composed
entirely of 20.year-0lds who would be exposad to nofse for 20 years. This
fnaccurately depicts the effects of nofsé on a real work force that also
contains older workers and retirees who have been exposed for more than 20
years. Third, in most cases, the number of hearing {mpairments was
calculated for hearing thresholds greater than or equal to a 25 dB average
of 500, 1000, and 2000 H2. For reasons discussed in the Health Effacts
section, OSHA belfeves that this combination of frequencies 1s not the most
appropriate measure of material hearing impafrment and that a 25 dB
average of hearing threshold Tevels at the frequencies of 1000, 2000, and
3000 Hz 15 preferabie.

A third benefits estimate was performed by the Center for Policy
Alternatives (CPA) under contract to the Environmental Protection Agency
{EPA). Entitled "Some Considerations 1n Choosing an Occupational Noise
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Exposure Regulation," it was presented at the first hearings. Using the
risk data of Baughn throughout their report, CPA estimated that present
noise exposures (based on the estimates in BBN's first report and assuming
no Job mobility) would lead to 1,649,000 impairments (25 dB at 500, 1000,
and 2000 Hz) after 40 years of exposure. They calculated that if noise
exposures for all workers ahove 90 d8 were brought dovmrto 90 d8, the
number of impairments could be reduced to 1,106,000, while {f all exposures
above aé dB were brought down to B85 dB, the number of impairments could he
reduced to 710,000 {CPA, Ex. 138A, p. 2-26). Thus a 90 dB PEL could prevent
543,000 hearing impairments while an 85 d8 PEL could prevent an additional
396,000 impairments.

A fourth astimate of the impairments prevented by the proposed noise
regulation that was submitted to the record and subjected to examination at
the 1976 hearings was also performed by CPA under contract to EPA.
("Economic/Social Impact of Occupational Noise Exposure Regulations,* Ex.
232). This report continued the earlier research CPA had parformed far EPA
(Ex. 138A). The noise exposure profile used in the second CPA report nas
based on the same raw expasure data that BDN had collected for their second
report (Ex. 192), although the data were modified by CPA. CPA estimated
that after the establ{shment of equilibrium, compliance with a 90 dB PEL
would prevent 770,000 workers from jmpairment (25 dB8 fence at 500, 1000,
and 2000 Hz) while an 85 d8 PEL would prevent 1,350,000 impairments (CPA,
Ex. 232, p. 5-7). Thus the additional impairments prevented by the 85 dB
PEL would total 580,000.

For various reasons the. CPA estimates also require updating. First,
the estimates were based on 1974 employment levels rather than on the
latast availabie data. Second, although- CPA used an age distribution of
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the expased population, they excluded retirees and did not distinguish
between men and women. OSHA has determined that these calculations should
include future retirees because they will also benefit from hearing
conservation programs. In addition the calculations must distinguish
between men and women becausae of the prashycusis differencas between the
sexes. Third, CPA used the frequencies -500. 1000, and 2000 Hz instead of
the more appropriate 1000, 2000, and 3000 Hz. Fourth, the CPA study
discussed the benefi{ts of engineering contral strategies to reduce noise
levels to 90 and 85 d8, but not the benefits of hearing conservation
programs that require the {ssuance and use of hearing protectors.

0SHA's Methodology
In order to improve upon the astimates of BEN and'CPA. OSHA has

decided to revise and update the calculation of the benefits of the hearing
conservation amendment.. The principal benefit of the hearing conservation
amendnent will be to prevent occupational hearing impairments through the
inter-related aspects of effective hearing conservation programs. For
example, monitoring provides 1nfor_mat1on on the need for hearing protectfon
and the type of protectors required. The use of these hearing protectors
w111 reduce worker expaosures. Training sessfons will instruct workers in
properly fitting, maintaining, and using hearing protectors. Audiomatric
testing detects temporary aqd permanent shifts in hearing ability, therebx
detecting workers who are susceptible to hearing loss, identifying workers
who may be wearing their hearing protectors improperly, and motivating
those who would not otherwisa wear them.

0SHA's estimates of the benefits of hearing conservation programs were
calculated by comparing the number of hearing impafrments that would occur

if no hearing conservation programs exist with the number that will occur
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after they are established. The methodology used to estimate the henefits
is derived from the studies summarized above as well as from other evidence
contained in the record. Specifically, OSHA has determined that the
methedology of the CPA report {is more appropriate than the simpler
methodoTogy followed by BBN. BBN's methodology was based on a hypothetical

vwork force caomposed of 20-year-olds, while C(PA's methodqlogy_ used the

actual age distribution of the noises-exposed population. OSHA's

calculations do, however, use the noise expasure distribution developed by
BEN since it 1s the best available evidence on occupational noise
exposures.

The benefits of preventing hearing impairment are described here by
presenting (1) the number of persons who will be prevented from {ncurring
material impajrment of hearing after the full affects of hearing
conservat jon programs are realized, (2) the number of persons prevented
from incurring material impairment of hearing at years selected from the
interim time perdod before the full effects are realized, and {(3) the
dccumulated person-years of impairment prevented over that time period.

People in the current workforce will only gain a limited benefit from
the hearing conservation programs established by this hearing conservation
amendment since many of thesa workers have already suffered nofse-induced
hearing loss. The full benefits of the amendment will be realized only by
workers who spend their entire working 1ives covered by its provisions., It
will take a number of years for the current worker population to be
compietely replaced by people who have been covered by hearing conservation
prograns for 211 of their working lives. Over tfme, the number of people
prevented from incurring a material Jmpafrment will rise until an
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equilibrium i5 reached after the entire pre-hearing conservation work force
has heen replaced. With the continued provision of hearing protectors and
hearing conservation programs, this equilibrium level of impairments
pravented should continue for the years following the establishment of
equilibrium.

Although the benafits.of preventing occupational hearing impairment
are not fully realized until equilibrfum is reached, benefits will accrue
during tha pericd prior to equilibrium. As the years advance, the number
of workérs pravented, at any ane time, from having a material impairment of
hearing will increase. In order t& describe this progression, the number
of mater{al impairments prevented during the 10th, 20th, 30th, and 40th
years following Tmplemeﬁtatfan were calculated and are referred to as the
interim benefits of the hearing cansérvation programs.

These first two descriptors, the number of impairments prevented at
equiTibrium and the numbar prevented at 4 interim years, provide only views
of the beneff{ts at particular time points. These "snapshot" views fail to
capture the differences in the number of impairment-free years. aach person
has enjoyed. For example, the number of impairments prevented at the 40th
interim year will include some pecple who have been free from impairment
for 40 years, as well as some people free from impairment for as short as 1
year. In fact, as time passes after implementatign, the average number of
impairment-free years per impairment preveﬁted increases.

In order to describe this pattern, OSHA has calculated the accumulated
number of person-years of {mpairment prevented over the interim time
period. The number of person-years of impairment prevented is derived by
multiplying the number of impairments prevented by the number of years each

individual was kept free from impairment. For examplae, 2 paople prevented
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from incurring a material impafrment of hearing for 10 years apiece equals
20 person-yaars of impairment prevented. This would also be equal to 1
person for 20 years or 4 pegple for 5 years.

The accumulated person-years of impairment pravented were estimated
from the interim benefits using the procedures suggested and used by CPA
(Ex. 232, p. B-21), and described in Appendix A below., Estimates of the
accumulated number of person-years of impairment praevented were calcuiated
for 10, 20, 30, 40, and 70 years after the implementation of hearing
conservatfon programs. Seventy years was chosen to approximate the length
of time required for equilibrium to be reached.” Since these calculations
were based on a popuiation that included retirees, and since many retirees
1ive well into their 80's, it will take at Teast 70 years for people in the
existing workforce, who have spent some of their working 1ives without the
benefits of hearing conservation programs, to be replaced by people who
have had those benefits.

Noise Exposure Distribution. These updated hearing impairment

caleulations are based on the same set of 19 industries and the same noise
exposure data used by BBN for their second study of the proposed
reguiation. (CPA used the same set of industries, but modified the exposure
data.) BBN, in their economic impact analysis, presented a noise
exposure distribution based on surveys of.68 different establishments in 19
two-digit standard fndustrial classification (SIC) {industries. The
industries selected by BBN were the onas believed to contain mast of the
noisy workplaces in the U.S. (BBN, Ex. 192, p. 2-1). These industries and
the number of production workers in them during 1979 are listed in Table 3.
{Note that the total number of workers in these industries today is about 2
million greater than BBN's 1976 estimate.) The selection of industries
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Tahle 3
Industries Studied

Product ian
ts:clage* Industry Titlex (ﬁ;ti;:::)
20 Food 1,176.2
21 Tabaceo 52.5
22 Taxtiles 777.0
23 Apparel 1,122.2
24 Lunber & Wood 646.3
25 Furniture & Fixtures 398.0
26 Paper 541.5
27 Printing & Publishing 702.2
28 Chemicals 636.9
29 Petroleun & Coal 139.7 . -
a0 Rubber & Plastics 601.1 -
31 Leather 207.4
32 Stone, Clay, & Glass 560.5
13 Primary Matals 978.3
34q Fabricated Matals 1.305.§
35 Machinery, Except Electrical 1,616.2
36 Electrical Machinery 1,378.6
37 Transportation Equipmant 1,404.2
49 Utitities . 659.3

Total 14,904.0
Source: U.S. Departmant of Labor, Bureau of Labor Statistics, Emplayment and

Earnfngs, 27, (March 1980): 58-66, Table B-2,

*Executive Office of the President, O0ffice of Management and Budget, Standard

Industrial Classification Manual, 1972.

**Avarage Number of Production Workers in 1879,
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and establishments was based on BBN's extensive experience with industrial
noise and its control. During the survey, BBN estimated the number of
workers exposed to various nofse levels within 5§ dB ranges. Because of
uncertainty 1n the classification of workers by exposure level, BBN
adjusted the raw data by distributing one-fourth of the workers in each 5
dB range to the next highest 5 d0 range and one-fourth to the next lowest §
dB range. Although CPA judged this adjustment ta be inappropriate (See Ex.
232, p. B-'4). 0SHA has retained it because BBN was more familiar with the
raw data and its peculijaritias.

These exposure estimates, which were published in the 1976 BBN report
(BBN, Ex. 192, pp. 2-4 and 2-7) and discussed at the hearings, have baen
recaleulated to correct minor errors in the original profile, Thus, the
noise exposure profile used here differs s1ightly from the prafile
published by BBN as Table 2.1 of their report. These differences are
small=-no more than one-half of one perlcentage point for any § dB exposure
range. This recalculation has also corraected the Inceonsistency of Tables
2.1 and 2.2 of the 1976 BEBN report (BBN, Ex. 192, pp. 2-4 and 2-7). Except
for the total percentage E!.tFOSEd abave 85 dB, the exposure profile used
here is consistent with BBN's Table 2.2. The tatal percentage above 85 dB
differs by only one-tenth of ane¢ percentage point. (See alsa Table 11 in
fhe Cast of Compliance sectfon below.) Table 4 presents the corrected
noise axposurs distribution for the 19 industries.

OSHA has chosen to use the BBN exposure estimates because they remain
the most comprehensive and detailed astimates of occupational noise
expasuras 1in U.5. industry. Although these estimates were briefly
eriticfzed at the hearings (See Hearing Transcript, Sept. 21, 1976, pp.
139743; Sept. 22, 1976, pp. 237-42, 360-1) as well as in the post-hearing
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Table 4

Noise Exposure Distribution

e

(db) Percent
less than 80 46.88
80-85 _ 18,74
85-90 15.06
90-9% T | 10.98
95-100 5.47
100+ 2.87

Total 100.00

Source: Bolt, Beranek, and MNewman. This is a corrected version of Table 2.1
from “Economic Impact of Proposed Noise Control Regulation," Ex. 192, p. 2-4.
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comments (Ex. 279-8, pp. 37-8, 69-72), no one came forward with another set
of exposure astimates that includes both the full range of industries and
the detalled exposure levels of the BBN estimates. The American Road
Builders Association (Ex. 1868) and the Motor Vehicle Manufacturing
Association (Ex. 242D) presented estimates Timited to the specific
industries in which their member companies operate. Evidence, based on
samples drawn from a wider range of 1ndustr1és. js included in surveys by
Hearing Conservation Noise Control (Ex. 240B) and NIOSH (Ex. 321-14B and
Ex. 321-14D). These surveys presenf the number of workers exposed above
efther 90 or 85 dB but do not provide a detailed classification of
employees by § dB exposure levael ranges as do the BBN estimates. This
classification 1slnecessary for the matching of the'exposure distributfon
with the risk matrices to estimate the number of hearing Impairmepts
prevented by hearing cénservation programs.

OSHA has concluded that three simplifying assumptions were necessary
in order to use the BEN noise exposure distribution to estimata the number
of hearing impairments prevented. First, that BBﬁ's noise exposure
distribution adequately describes the occupational noise environment in the
19 industries studied, and that the 19 industries encompass all substantial
occupational nofse exposure. Second, that the nofse exposure distribution
and the size of the work force in the 19 industries will remain unchanged
for the 70-year period used to caiculate benefits. If there are changes in
the noise distribution and the size of the work force which increase the
number of persons exposed to harmful noise levals, this assumption will
lead to an understatement of the number of hearing impairments prevented.

On the other hand, if these changes decrease the number of persons axposed,
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then there will be an overstatement of the number of impairments prevented.
Third, in industries with fluctuating noise levels, it was assumad that a
5§ dB exchange rate adequately reprasents time-weighted exposure ievels.
The BBN data are based on a 5 dB exchange rate. The CPA report argued that
%hese data should be adjusted to take into account a 3 dB exchange rate
{CPA, Ex. 232, p. 8-5).

The exchange rate or the "doubling rate” is a way of efther averaging
or comparing exposure levels and duratfons., Under a 5 dB exchange rate,
for 2 5 dB increase In the exposure level the eaxposure duratfon must be
halved to obtain an equivalent time-weighted exposure. Thus, 8 hours of
exposure to a level of 90 dB is equal to 4 hours at 95 dB. Similarly, under
a 3 4B rate, an increase of 3 dB necessitates halving the duration--e.g.,
8 haurs at 90 dB equals 4 hours at 93 dB. Since O0SHA is5 currently
retaining the 5 dB exchange rate used 1n 29 CFR 1910.95, and since the
procadure used by CPA to adjust the BBN datz does not appear to be based on
actual exposura data, the Agency did not adjust the noise exposure
distribution to account for a 3 dB exchange rate, This adjustment would
have }ncreased the effectfve exposure leve)l of the work force and would
have increased the estimated number of hearing impairments. By not
performing this adjustment, OSHA may be understating the number of hearing
impairments prevented by the final amendment.

Fences. The methodology used to estimate the number of people
suffaring impairments of hearing continues the standard practice of drawing
fences to demarcate ‘“pormal" from ‘“materfally impaired” and then
calculating the number of persons with hearing abilities worse than the
Teval of that fence. An important issue 15 the choice of appropriate

fences, hoth in terms of the levels used as well as the frequencies to be
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examined or averaged., BBN did most of their calculations using a 25 dB

average of hearing threshold levals at the frequencies of 500, 1000, and .

2000 Hz‘. However, BBN also examined the effects of choosing other levels,
15 and 35 dB, as well as an average of the frequencies of 1000, 2000, and
3000 Hz (BBN, Ex. 192, pp. 2-27, 2-28). CPA correctly pointed out that the
effect of nofse on a population. of workars is to cause a change from one
population distribution to another. They state:

Essentially the entire population of workers has worse

hearing because -of the influence of noise. Those

which, without noise, might have had excellent hearing

nearing.  Those which ‘without polses wourd have had

only fafr or poor hearing have their hearing handicaps

jncreased. (CPA, Ex. 232, p. 5-2)

Thus, the usual practice of drawing a single fence does not adequately
describe the shift of the antire distribution of workers. Therefare, CPA
suggested that a series of .fences be employed (CPA, Ex. 232, p. 5-3).
There wera many other comments submitted to the record concerning the
choice of appropriate fences, both for the determination of the number of
workers suffering material impairment as well as for workers' compensation
purposes. (For a discussion of these comments, ses the Health Effacts
Section.) After a thorough review of these comments, OSHA has concluded
that the number of hearing impairments prevented by the final amendment
should be measured using the fences of 15, 25, and 40 dB. These fences are
defined as the average of a person's hearing threshold levels for the
frequencies 1000, 2000, and 3000 Hz. As described in the discussion on
health effects, these frequencias were chosen as those most appropriate to

describe the ability of persons to understand human speech under everyday
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conditians. The levels were chosen to describe the number of persons with
varfous degrses of hearing loss: mild hearing loss, material impairment,

and moderate to severe impairment.
Dose-Response Relationship. A person's hearing ability can be

astimated by analyzing two components: the loss in hearing ability due to
nojse and the loss 1in hearing ability due to the effects of aging
{presbycusis). ' The following discussion will focus on these two
components, presenting O5HA's arguments concerning the best available and
most 2ppropriate evidence for each.

The change in hearing ability due to noise exposure is measured in
terms of the permanent decibel shift in hearing thresholds caused by noise.
This change, the amount of lost hearing ability, is more commonly called
the Noise-Induced Permanent Threshold Shift or NIPTS, An examination of
the hearing loss studfes cited in the Health Effacts section reveals a fair
degree of consistency in their basic findings concerning the anodnt of
NIPTS caused by various combinations of exposure levels and duratfons. One
way to incorporate all of the information in these studies is to average
the results, Col. Daniel Johnson has recommended such an approach {Ex. 17,
p. 2) and EPA has applied it to the data of Baughn, Burns and Robinson, and
Passchier=Vermeer both for astablishing criteria for noise regulation (Ex.
26-3) and for fidentifying safe levels of noise exposure (Ex. 30, p. C-5).

Recently Col. Johnson published a variety of calculations based on

' averaging the data of Burns and Robinson {referred to only as "Robinson® by

Johnson) and Passchier-Vermeer .(Ex. 310).
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OSHA has chosen to use the studies of Burns and Robinson and
Passchier-Vermeer because of the completeness of their data for describing
the NIPTS at frequencies from 500 to 6000 Hz for varfous population
percentiles, nolse Tevels, and axposure durations. Baughn's data (Ex. 11)
were not available for dndividual frequencies, thus preventing the
averaging of hearing threshold Tevels at 1000, 2000, and 3000 Hz. The
NIQSH data {Ex. 26~2) wera 1imitad to exposures of 85, 90, and 95 dB, thus
pravent ing the estimation of hearing loss for exposuras to 80 and 100 dB.

OSHA has determined that the results of the Burns and Robinson and
Passchier-Vermeer studies can be strengthenad by averaging the NIPTS valués

from each. Because Johnsan's recent publication, Derivation of Presbycusis

and Noise Induced Permanent Threshold sShift (Ex. 310), provides a

convanient presentation of this data, OSHA has used it as the basis for the
caleulation of the number of occupa;1onal hearing impairments, Table A.7
of Appendix A presents the NIPTS values, derived from the Johnson
publication, which were used by QSHA.

The sacond componant that determines a person's hearing'abilitylis
caiculated by observing the effects of aging (presbycusis) on the hearing
ability of a "normal" population. For this study, OSHA has used a
presbycusis base developed by Johnson from the data of the U.S. Public
Health Survey conducted in 1960-62. In this survey, 6,672 persons aged
18-79, drawn from the civilian, non=-institutional population of the U.S.,
were given audiometric examinations. Thus, the survey gives a detailed
pictqre of the actual hearing -ability of the U.S. population. Other
researchers, most notazbly Burns and Robinson, have screened their
populations quite severely in order to eliminate all individuals who have
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been exposed to gunfire, or had ear disease, or other ear abnormalities.
These screening techniques were designed te create a popultion that is
otologically “normal."

But the actual workforce is not otologically “normal." Some workers
have been exposed to gunfire, both from sport shooting and from searvice fn
the armed forces. Other workers have or have had ear disease or other ear
abnormalities. OSHA has therefore decided that the ‘presbycusis base to use
in calculating the number of hearing Jmpairments in the work force should
reflect, as closely as possible, the real world hearing ability of'tNe u.Ss.
population. The Public Health Survey represents the best available
description of this hearing ab{lity. An examination of the aging curves in
Baughn (Ex. 12, p. 26) and Berger, Royster, and Thomas (Ex. 266A, pp. 42,
43, and 57) reveals that the data of the Public Health Survey are
consistent with other major presbycusis bases.

The two components, the NIPTS and the prasbycusis, may then be added
together to find the total hearing loss for populations of given ages and .
sexes exposed to specified levels and durations (See Johnson's discussion,
Ex. 310, pp. 16). Johnson has brovfded a convenient computer program (Ex.
310, pp. 43-47) which was used to generate dose-response relationships. A
simple linear fntarpolation was used to match the exposure distribution
uith these dosefresponse relationships to create the risk matrices (Tables
A.9, A.10, A.11) wused in the calculation of the number of hearing

impairments.
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Hearing Protector Use and Attenuation. Under the current noise

standard, hearing protector use is mandatory for workers exposed above the
PEL (90 dB TWA) where there are no feasible engineering or administrative
controls., Under the amendment hearing protectors must also be provided to
a1l workers exposed to noise Tevels between 85 and 90 dB, but of these
workerq only those who have experienced a significant threshold shift are
required to wear hearing protectors. It 15. impossible’ to project
accurataly the numbar of workers exposad to nolse betwean 85 and 90 dB who
would voluntarily choose or Be requifed to wear bhearing protectors.
However, ft 1s probable that the annual audiometric test, by showing
significant threshold shifts, will identify the employees most vuinerable
to occupational hearing loss. These emﬁonees will then be required to use
hearing protectors, which should prevent most of them from incurring a
material impairment of hearing. Thus, the following calculations are based
on the assumption that following the implementation of this amendment, all
workers who are vulperable to occupational hearing loss will wear hearing
protactors when exposed to noise >85 dB. '

The CPA raport did not present any assumptions concerning hearing

protector use or attenuation. BBN assumed for correct usage, an

attenuatfon value of 30 dB (B8N, Ex. 192, p. 2-34). As the follawing

studtes indfcate, this is an attenuatfon that {s generally achieved only in

laboratory settings.
In a NIOSH-sponsored study (A Field Investigation of Noise Reduction

Afforded by Insart-Type Haaring Protectors, Ex. 308), a team of researchars

investigated the attenuation received by werkers using varigus types of
hearing protectors in actual industrial settings. The three earplugs
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tested had median attenuatfon values of 7.5, 10.0, and 12.8 4B (Ex. 308, p.
26}. Padilla's study revealed an overall mean attenuation of 12 dB at 500
Hz for the earplugs he tested. He estimated that this was equal to
appraximately 7 dB over the frequencies 125-8000 Hz. ("Ear Plug
Performance in Industrial Field Conditions," Ex. 301, p. 34). Regan found
mean attenuation valuas of 25.11 and 19.74 dB for two types of earplugs and
33.04 dB for one type of earmuff (Real Ear Attenustion of Ear Protective
Devices Worn in _Industry, Ex. 3004, pp. 67-71). In addition, Bargar .

presents information from the National Acoustic Laboratories (Australia)
for four different. earplugs. For thase earplugs, the HNoise Reduction
Rating with a caorrection of two standard deviations ranged from 0-14 d8,
while with a correction of one standard deviation the range was 9-19 dB
("Lahor'atory Egtimates of the Real World Performance of Hearing
Protectors,” Ex. 321-35E).

The results of these studies reveal, for the earplugs tested, a mean

attenuation of approximately 10-15 dB in industrial settings. It is

. reasonable to assume that the training and audiometric testing provisions

of the hearing conservation amendment will dimprove industrial hearing
conservation programs to at Jeast maintain the upper bound of this average
attenuation range. toreover, those exposed to very loud workplace noise
can use earmuffs or a combination of earmuffs and earplugs. These two
options appear to have a higher attenuation rating than t;he earplugs tested
in the studies mentioned. Accordingly, for the purposas of these
calculations, OSHA has concluded that a reasonable assumption is that

workers using parsenal hearing protection will receive an attenuation of 15

ds.
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Mability. The OSHA calculations were based on the assumptian

that workers do not move between jobs with harmful ncise exposures and jobs
without such exposures. Both BBN and CPA generally assumed such mohility
to calculate the number of material hearing impairments, However, thay
used different procedures and assunptions concerning the effect of mobility
on the number of material impairments in the population and the number that
vould benefit from reduced occupational noise exposure. BBN's calculations
suggest that assuming mobility reduces the number of additional workers
protected by controlling noise Tevels to 85 d8. (BBN, Ex. 192, Table 2.11,
p. 2-30). CPA, on the othar hand, argued that an assumption of mobility
dramatically increases both tbhe estimated number of material impairments in
the pre-regulation population and the number of Impairments that would he
prevented by regulatory action (Ex. 232, p. 5-8. See also discussion at the
hearings by CPA: Hearing Transcript, Oct. 8, 1976, pp. 2286-92, 2343-9,
2354-8 and BBN's reply in their Post-Hearing Comments, Ex. 278, pp. 60-65).

Occupational mobility has two separate, contradictory effects. First,
mobility from Jjobs with harmful noise exposures to Jjobs without such
exposures means that each individual worker will be exposed to harmful
levels of noise for a shorter length of time because he or she will not
have spent 2n entire lifetime exposed to harmful lavels of occupatianal
neise. This shortened duration of exposure lowers a worker's chance of
suffering an occupational hearing impairment as wall as the amount of lost

hearing ability, and thus would tend to reduce the number of impatrments in

the entire population. The second effect of mobility, however, s to

increase the population expssed to harmful noise levels, even though for
shorter periods of time. This increase in the population at risk will tend

to increase the number of occupational hearing impairments.
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CPA has calculated that, on the average, workers hold three different
jobé during their lifetimes. If one assumes that during one of thase Jobs'
they will be exposed to harmful occupational noise Tevels and that the
other two jobs have no such noise exposure, then the total population at
risk will be increased threefold. (The noise exposure’ distribution
indicates that approximately one-third of the jobs in the 19 industries
have noise expaosures >85 dB; while two~thirds have exposures less than
this. See Table 4.) In order for there to be no difference in the
estinated number of hearing impairments when comparing the assumptions of
mobility and no mobility, this threefold increase in the number of workers
must be matched by 2 two=thirds decrease for each worker in the percentage
risk of crossing a fence. If the decrease fs less than two«thirds, then
mobility will increase the pumber of dimpairments. If it 1s more than
two-thirds, then mobility will decrease the number of fmpairments.

CPA calculated, using the equal energy rule (the 3 dB exchange rate),
equivalent 1ifetime exposure levels for workers holding one job with
harmful nofse exposures and two Jjobs without such exposures during a
working lifatime. This caleculation reveals that the maximum reduction in a
worker's lifetime exposure level with an assumption of three jobs per
worker {s about 5 dB for exposures >90 dB, 4 dB for exposures of 85-90 dB,
and 3 dB for expaosures of B80-85 dB (CPA, Ex. 232, Table B«6, p. B8-14). An
exanination of the risk matrices (Tabies A.9, A.10, A.1l1) shaows that these
reductions in lifetime exposure levels Jead to a decrease of less than
two-thirds in the percentage risk. Therafare, the decrease in the
percentage risk 1s more than matched by the increase in the populatfon at
risk due to mobility, Thus, even though an fndividual's risk of impairment
declines from the shortened exposure duration, the increase in the number
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of persons at risk leads to an increase in the total number of impairments
in the population. ‘

Accordingly, the Agency concurs with the judgement of CPA that an
assumption of mobility will dn¢rease the estimated number of material
impafrments fn the noise-exposed population and therefore will increase the
estimated number of impairments prevented by the regulation., As CPA also
argued, this effect occurs whenever workers move between jobs with and jobs
without harmful noise levels and is intensified by increasing the assumed
nunber of jobs per worker (CPA, Ex. 232, p. 5-8). This effect follows from
the shape of the dose-rasponse curve for noise, which is such that the
first exposure to noise is more demaging than successive increments of
axposure (Hearing Transcript, Oct. 8, 1976, p. 2357).

However, the current record does not contain sufficient information on
the current pattern of occupational mobility for the industries under study
to enable 0SHA to update the hearing impairment calculations using a
specific mobility rate. Therefore, OSHA has assumed that no mobility
occurs. Since such mobility does take place, this assumption will lead to
an understatement of the estimated number of material impairments in the
population as well as to an understatement of the number of hearing
impairments pravented by the final hearing conservation amendment.

Rasults of 0SHA's Calculations

Occupational hearing impairment is a function of age, sex, exposure
level, and exposure duration. 0SHA's methodology for calculating the

number of material impairments incorparates these functional relationships.
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The six basic steps used to calculate the number of material impairments
prevented by the hearing conservation amendment were:
1. Develop an age distribution,
2. Develop an age by exposure level distribution,
3. Adjust exposure levels for the use of hearing
protectors, :
4. Davelop a sex distribution and combine with the age
by exposure level distribution,
5. Calculate the number of hearing impairments from
all causes, .
6. Determine the number of occupational hearing

impairmants.

These six steps, as well as the procedure used to estimate the fnterim
bepefits of fhe regu?nt1on.‘are described in detafl in Appendix A. It
should be noted that OSHA's procedure uses an age distribution that
includes retired workers, as well as {incorporating a d1str1bytfon of the
work force by sex, thus 1improving upon two deficiencies of previous
studies.

The benefits of the hearing conservation amendment will accrue
primarily to future populations of workers, slowly reducing thg number of
material impairments in these populations until an equilibrium is reached.
The results of these calculations show that 1,060,000 individuals currently
have grassed 2 25 dB fence (1000; 2000, and 3000 Hz) due to occupational
noise, Hearfng conservation programs are expacted to reduce this number te

848,000 parsons 10 years after implementation; 583,000 in 20 years; 364,000
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in 30 years; 261,000 in 40 years; and 162,000 at equilibrium (See Appendix
A, Table A.15), 1In each of these years, the number of hearing impairments
which would have existed in the absence of hearing conservation programs
remains constant at 1,060,000.* Consequently, the number of hearing
impairments prevented by hearing conservation programns can be calgulated by
subtracting the “number that. will exist in any of the years from the
1,060,000 d{mpairments that would have existed. Hearing conservation
programs, therafore, are axpected tp reduce the number of hearing
impairments (25 dB fence) by at least 212,000 in the 10th year after
implementation; 477,000 in the 20th year; 696,000 in the 30th year; 799,000
for the 40th year; and 898,000 at equilibrium (See Table 5). The reduction
of 898,000 f{mpairments at any one time after the establishment of

aquilibriun represents 84.7 percent'of the occupational impairments that

-wouid have occurred without hearing conservation programs.

In addition, OSHA has calculated the number of individuals with
hearing impairments at any one time after the establishment of ecquilibrium
for two other fences--15 dB and 40 4B at 1000, 2000, and 3000 Hz. These
caleulations reveal that without hearing conservation programs, 1,624,000
people will be across a 15 dB fance, and 473,000 will be across the 40 dB
fence due to occupational noise exposure. Hearing conservation programs
for those exposed to levels >85 dB are expected to reduce this to 321,000
across the 15 dB fence, and 59,000 across the 40 dB fence {Table A.13).

Thus after the establishment of equilibrium, these programs can be expected

*This 1is based on the assumption of & constant size for the work force
exposed to noise, 25 discussed above.
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Hearing Impairments Prevented by the Hearing Consarvation Amendment

Years After Implamentation

Equilibrium

Number of
Impairments

Prevented -
15 dB Feance
25 dB Fence

40 dB Fence

1,303,000
298,000
412,000

Accumulatad
Parson-yaars
of Impairment
Prevented

28 dB Fence

43,300,000

Source: 0SHA, Office of Regulatory AﬁnlysTs.



to reduce the number of persans across the fences by 1,303,000 for the 15
d8 fence, and 412,000 for the 40 dB fence (See Table §), reductions of 80.2
percent, and 87.1 percent, respectively.

Finally, the number of parson-years of impairment prevented can be
caleulated.  (The procedura used follows that of CPA, Ex. 232, and fis
described in Appandix A below.) In the 70 years following implementation
of the amendment, the total accumulated person-years of prevented
impairment is 43.3 million. The pattern of this accumulation is presented
in Table 5.

Two conclusions follow from these data: First, without hearing
consarvation programs, a large number of workers will suffer hearing
impajrment and reduced hearing ability. Therefore, O0SHA has determined
that workers who are exposed to occupational nofse >85 dB (TWA) face a
significant risk of n;m:eria] impairment.  Second, hearing conservation
programs for all workers exposed to >85 dB (TWA) will substantially reduce
that risk.

Full Compliance Assumptions
In keeping with past practice concerning the preparation of ecenomic

analyses of OSMA reguiations, full compliance with the hearing conservation
amendment, 'Inc'lud'ing 100 percent usage of hearing protectors, has been
‘assumed. For a variety of reasons, this may not occur. Many workers
cannot or will not wear hearing protactors. HWorkers with drregularly
shaped or infected aar canals cannot wear ear inserts. Similarly, persons
neading to wear e_ither prescription or safety glasses often cannot wear ear

muffs because the frames of the glasses will break the seal the muff makes
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around the aar. More often, hearing protectors will not be woern because
they are ‘uncomfortah1e. Workers have complained about headaches,
claustrophobia, and general discomfort from the use of ear protectors. In
addition, the use of earplugs may lead to ear infections, especially in
dirty workplaces.

Full comﬁTinnce with this amendment will have substantial benefits.
Partfal compliance will also provide benefits, although not to the same
extent. Moreover, the estimated attenuation of 15 dB after regulation may
also be an overestimate of the benefit achieved from the use of hearing
protectors. In order to provide this attenuation, hearing protectors must
be fitted carefully, worn properly, maintained conscientiously, and
replaced in a timely fashion. As illustrated in Table 6, if al1 workers
wha are required to do so wear hearin? protectors, if thay receive a 15 dB
attenuation, and if they wear their hearing protection svery day that they
are exposed to noisa, then the total pool of material hearing impairment
from occupational causes (at equilibrium) will be reduced by 898,000
persons. If only 10 dB of attenuation is achieved, the nrumber of material
impairmants prevented falls to 759,000. However, if only 50 percent of
workers exposed above 85 dB receaive 10 dB attenuation and the remaining 50
percent do not wear ear protection, then the reduction in the number of

impairments declines to 381,000, The effectiveness of hearing conservation

programs is therefore very dependent on the attenuation that hearing

protectors.provide and their daily use by all workers.
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Table &

Sensitivity Analysis fo}- Assumptions on Hearing Protector Use and Attepuation

Number of
Occupatianal
Impairments
Assumption Prevented*
100% of workers required**wear hearing
protectors and receive 15 dB attenuation 898,000
100% of workers required**wear hearing
protectors and receive 10 dB attenuation 759,000
£0% of workers required**wear hearing
protectors and receive 10 dB attenuation 381,000
No haaring protéctor use 0

Sources QSHA, Office of Regulatory Analysis.

*Hearing threshold levels > 25 dB average of 1000, 2000, and 3000 Hz.

Data are for equilfbriun.”

**111 workers exposed to levels > 90 dB after feasible engineering and

administrative controls have been implemented and ail workers exposed > 85 dB

who have shown a permanent $ignificant threshold shift.
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These calculations of the number of fmpairments prevented are also

based on the assumption that workers exposed above 85 dB do not currently

use hearing protectors. However, the current OSHA standard for noise does
require the use of hearing protectors by workers exposad to lavels above
the PEL of 90 dB (TWA) and the establistment by each employer of a
ucontinuing, effective hearing conservation program for these employees
{29 CFR 1910.85(b)(3)). Moreover, there is evidence in the record to
suggest that some employees currently do wear hearing protaction and that
some companies have established hearing conservation programs (The B8N
exposure astimates were based solely on the use or non-use of engineering
controls. The use of parsonal hearing protectors was not factored into
their estimates.)

But the effactivensss of thease programs and the length of time they
have been 1in opaeration 1s. less clear.  Submissfons by Newport News
Shipbuilding (Ex. 131), Oupont (Ex. 273A), and Burlington Industries (Ex.
175) describe hearing conservation programs for three large companies that
appear to b-e effective. But .one cannot reasonably conclude that all
companies with workers exposed to levels greater than 90 dB are maintaining
such prograns. A NIOSH study revealed that only 29 percent of the
manufacturing respondents had such programs, while another 20.1 percent
were planning such programs. Most of those without programs or>plans
¢laimed no noise problems (Ex. 321-148, p. B=3), This study also included
the testing of equipment used by 65 companfes with hearing conservation
progr ans. Thase tests revealed that BO percent of these companies were not
in compliance with at least one of the then existing ANSI specifications
for audiometers and audfometric test booths (Ex. 321-148, p. 85).

Based on data from NIOSH's National Occupational Hazard Survey (Ex.
321.14D), it is reasonable to conclude that up to 20 percent of those
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exposed to greater than 90 dB currently wear hearing protectors. The lack
of adequate audiometric testing, monitoring, and training activities,
however, make it is less likely that a 15 dB attenuation would be achieved.

A more reasonable estimate of the current attenuation would be 10 dB, which

" is the lower bound of the average attenuation range revealed in severai

studies on the real world attenuation of _hearing protectors. (See
discussion above.) O0SHA has calculated, using the brccedures and
assumptions detailed in this section and in Appendix A, that the effect. of
this current hearing protector use would ultimately be a reduction of
120,000 material fmpairments (25 dB fence) from the 1,060,000 that would
cont inue to exist at any one time in the absence of hear:'lng protector use.

OSHA antfcipates that fully affective hearing conservation programs
for all workers exposed to levels greater than 85 dB would prevent 898,000
impairments after the entire population has worked with hearing
conservation prograns in effect. Thus, the incremental or additional
benefits due to the hearing conservation amendment will be the difference
between these beneﬁﬁs and the 120,000 impairments expected to be pravented
by ex{isting programls. The final hearing conservation amendment, theref’ore.
1s estimated to prevent 778,000 material impairments over and above the
number expected to be prevented by current hearing conservaticn programs.
(These 778,000 impairments prevanted consist both of workers exposed to
levels > 90 dB who are not currently receiving hearing protection as well

as those exposed between 85 and 90 dB who will benafit from hearing

conservation programs for the first time.)
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This discussfon on the benefits of preventing hearing impafrment has
shown that there are substantial benefits to be gained from raducing
workplace noise exposure by 15 dB for thuse exposed above 85 dB. [t was
assumed in this discussion that the raduction of nolse axposures would be
achieved through the use of personal hearing protectors. However, that
reduction could also be achieéved by engineering controls, including the
redesign of machinery and the contruction of haffles to {mpede the
transmission of sound energy. Engineering controls provide more consistant
and dependable protection to worker hearing than personal hearing

protectors and are sti1l preferred by OSHA.

Improved Workplace Safety
A second benefit of the hearing conservation amesndment {15 Iimproved

;forkp'lace safety. The presence of untreated workplace noise can increase
the number of accidents because (1} noise can mask warning sflgnals or
shouts, and {2) nofse exposure might lead to inattentiveness and fatigue,
both of which may precipitate accidents, Edith Gulian's summary of studies
in the Eurcpean literature reveazled no clear consensus on the relationship
between nofse and accidents. One study found no relationship, while two
others concluded that noise may have contributed to accidents (Gulian, Ex.
97, p. 60}). Two other studies 1n the record, by examining the job safety
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records of werkers before and after the institution of hearing conservatian
programs, showed a statistically significant reduction in the number of
accidents and injuries occurring after the initiation of hearing
conservation programs.

Sehmidt, Royster, and Pearson (Ex. 321-22F) studied a cotton yarn
plant where a hearing conservation program regquiring the use of hearing
protectors was instituted in 1972. VUsing a ;tatistical technique by which
sach worker serves as his aor her own control, the researchers compared the
mean number of injuries in the 4-year period prior to the hearing
conservation program to the 4-year period following institution of the
hearing conservation program for two groups of employees exposed to noise
levels of 92-96 dB., The results showed a statistically significant
reduction fn reﬁorted injuries.* For one group, the reduction in the mean
injury rate was from 0.4 to 0.2 injuries per year, or by about 50 percent;
for the other group, the reduction was from 0.5 te 0.3 injuries per year,
or by about 40 percent (Schmidt, et al., Ex. 321-22F, p. 22).

A second study was performed by the Raytheon Service Company under
contract to NIOSH (Ex. 26-11). The researchers studied the records of a
boiler fabrication plant for the 2-year period before the initiation of a
hearing conservation program and the 2-yesar period after program

initiation. The rasults of this study showed a statistically significant#w

*Statistical significance refers to the probability or confidence, based on
laws of probability and statistics, that the decline in the number of
accidents was not due solely to chance. In this case, the confidence level

was 99.9 percent.

**99 parcent confidence level.
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reduction in the number of accidents among workers expaosed to nofse Tevels
>85 dB after the initiation of the hearing conservation program. The
median frequency of acc¢idents was reduced from 3.8 to 2.3 accidents per
worker per year, or by 39.5 percent (Raytheon, Ex. 26-11, pp. 3«5 to 3-6).

Informatfon from the Bureau of Labor Statistics shows that annually
there -are about 2,474,000 reported occupational injuries in the 19
industries in this nofse study, of which about 1,052,900 are lost workday

cases (Bureau of Labor Statistics, Occupational Injuries and I1lnessas in

1978: Summary, March 1980, Report 586, Table 3, pp. 12-13). If these
accidents are distﬁbuteﬁ evenly among all workers fin these industries
without regard to nofse exposure, then approximately 851,000 total cases
and 362,000 lost workday cases could cccur each year for those exposed
above 85 dB ('I;HA) (2,474,000 injuries X 34.4 percent (workers exposed >85
dg) = 851,056; 1,052,900 lost workday cases x 34.4 percpnt = 362,198].
SimiTarly, there are 477,000 total cases and 203,000 lost workday cases
among those exposed above 90 dB (TWA) [2,474,000 injuries x 19.3 percent =
477,482; 1,052,900 lost workday cases x 19.3 percent = 203,210]. The
Schmidt, Royster, and Peason study, and the Raytheon Study together reveal
that the initiation of hearing conservation programs may reduce this ygarly
toll of accidents.

The reductfon fn the number of accidents, besides {mproving the
quality of worker 1ives, may also provide financial benefits to employers
by reducing the costs of accidents. These costs include admin{strative and
legal fees, safety administration, damage to equipment, Toss of

productivity, supplements to workers' compensation payments, and lost
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income due to inefficiency of replacement personnel., Robert Sharkey,
Safety Administratar for Alcoa, estimates that these costs total $14,000

per lost-workday casa. ({Sae Peter J. Sheridan, "What Are Accidents Really

Costing You?“ Occupational Hazards, March 1979, pp. 41-43.)

Extra-Auditory Health Benefits

As described in the Health Effects section, there 15 a wealth of
avidence suggesting a Tink between noise exposure and 111 effects,
including cardiovascular, respiratory, ailergenic, musculo-skeletal, and
glandular disorders. Howaver, because precise dose~response‘relat1oﬁsh1ps
have not yet been developed 0SHA has not attempted to quantify these
benefits, One example does reveal the magnitude of the occurrence of
cardiac disease in the U.S. today. The current rate for deaths due to
heart disease for those bepween 45 and 64 years old is 536.7 per 100,000
(Bureau of the Census, Statistical Abstract of the United States, 1979, p.

77, Table 111.) If this rate applies to the 4,984,000 warkers aged 45-64 in
the 19 findustries, then approximately 27,0d0 will die of heart disease
annually. By reducing noise exposure, the hearing conservation amendment

may help to prevent some of these premature deaths.

Reduced Absenteeism

The reduction in noise exposures due to hearing protector use should
reduce the number of noise-induced 11lnesses and could also lead to hetter
worker attitudes towards their jobs, thus improving both attandance records
and job performance. 1In both cases, employers, firms, and consumers would
benefit from increased output and reduced caosts. The .Raytheon study

{Raytheon, Ex. 26-11) found that the median numbar of absences for the
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group exposed to >95 dB fell by 12.4 days per year after initiation of a
haaring conservation program. This was a reduction of ‘about 63 percent
from the preconservation program level of absences (Raytheen, Ex. 26-11,
p. 3-177).

Several studies of the economic impact of the proposed regulation
placed 2 monetary value on the expacted reduction in absanteaism. CPA, in
their first study, assumed a reduction in absenteeism of | day per year per
worker cexpoesed over 85 dB. This was calculated to provide an estimated
benefit of $2 billion par ysar (CPA, "Some Caonsiderations," Ex. 1384, p.
2-55). ‘In their second study, CPA used a more complax methodology based on
informatfon from the Raytheon report concerning the reduction fn the
aver-'age pumbar of days absent. CPA calculataed the value of Tost production
based on lower and upper bounds-=-i.e., average productfon worker wages and
value added per production worker. Based on 1975 dollars, CPA estimated
that the valug of improved workep attendance for an 85 dB8 PEL would be
betwaen $341.04 million and $1.2484 bi11lion per year (CPA, "Economic/Social
Impact," Ex. 232, p. 5-28). A third estimate of the value of absenteefsm

.savings was performed by the Council on Wage and Price Stability (COWPS).

Although not based on any empirical studies, COWPS assumed that an 85 dB
PEL would reduce absenteeism by 1 day for those previously exposed to 85-90
dB and by 2 days for those exposed above 90 dB. COWPS calculated the
'sav1ngs by muitiplying the number of person-days saved by the average dafly
wages of manufacturing workers, fncluding an estimate of the costs for
turnover and new worker trair;ing. Finally, COWRS concluded that
controlling noise exposures to 85 dB would produce a benefit ;:f $271.7

million per year (COWPS, Ex. 208, p. 19).
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After a review of these estimates, OSHA has concluded that the best
estimates are provided by the methodology used by CPA in their September
1976 report, which was based on information from the Raytheon study. (SHA
has chosen to reestimate the absenteeism benefits by updating the CPA
calculations for the increase in the size in the labor force and changes in
wige rates since 1976. For this update, OSHA has used only the wage rate
to eastimate the ya1ue of production lost from abéentee1sm. Thase
calculations, which assume that hearing conservation programs will reduce
axposuras to below 85 dB for those exposed at 90 dB and above, follow the
CPA methodology. First the total numbar of worker-days of absenteeism
prevénted were calculated by using the number of workers exposed to noise
»90 dB and the number of days of absenteeism saved according to the CPA
presentation of the Raytheon data (See CPA, Ex. 232, p. 5«25). The
equation used was: 1.243 million workers exposed >35 dB X 3.9 days saved
per worker + 1.528 million workers expased to 90-95 dB X 1.55 days saved
per vorker = 7.384 milHan worker~-days saved. The value of the production
gain from reduced absenteefsm was then estimated using the 1979 average

wage rate in the 19 industries (See Employment and Earnings, 27, 3, March

1980, Table C~2.). Thus, 7.384 mi1lion worker-days saved X 8 hours per day
X $6.76 per hour = $399.3 million. This gain of about $400 million per
year frem reduced absenteeism will benefit employers by partially
offsetting the costs of hearing conservation programs and feasihle

engineering and administrative controls.
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Reduced Medical Costs

Workers, and also society, indirectly through third party medical

‘payments, will benefit financially through reduced medical costs., Although

in most cases noise-induced hearing loss 1s untreatable and irreversible,
there still is a drain on medical resources--principally professional
time--used to reach those diagnoses. In addition, there 15 the purchase
of prascribed hearing afds in the minority of cases for which hearing alds
can help, as well as the hearing aids purchased by workers vainly hoping
for a cure. In .al) three cases, social resources are consumed. " The
prevention of cccupational hearing impairments will free those resources
for other uses.

Ideally, the magnitude of this loss could be quantified. However, the
current noise record does not fnclude either estimates of this Jloss or
information from whf;h estimates could be calculated. Because of this lack
of information, OQSHA has not attempted to quantify these savings, a]though
preventing 898,000 hearing impajrments should lead to a substantia)l

reduction in medical caosts.

Reduced Workers'! Compensation Pavments

Two estimates of the anticipated reduction in workers' compensation
payments for occupastional hearing loss are contained in the record. BBN
estimated that the additional workers' compensatfon T{ability saved by
reducing nofse exposures to 85 dB would be $16.097 millfon (BBN, Ex. 192,
p. 2-38), This 1s the additional savings, comparing a 90 dB with an 85 dB
PEL, not the total reduction expected from the implementation of hearing
conservation programs. CPA made an estimate of the total potential
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workers' compensation payments that a noise regulation might save. They
calculated that the present valug of the stream of potential savings for an
85 dB PEL over the next 40 years would be 3530 million (CPA, Ex. 232, p.
5+34). '

But any of these estimates is speculative since hearing impairment is
often not compensated. OQver 70 percent of manufacturing workers in tha
U.S. 1ive in states that pay few or no hearing impatrment claims (_EPA.

Occupational Hearing Loss: Workers' Compensation under State and Federal
EPA estimates that in 1977, 6,095 claims

Progl'ﬂ'llsg EJ(- 321‘16c' p- V‘H'I).
totalling approximately 513 million were paid for occupational hearing
loss. This figure could change considerably in the future because the
number of claims filed has been increasing dramatically (EPA, Ex. 321-16C,
pp. 14-15),

It has been pointed out that an estimate of reduced workers'
compensation payments cannot be directly added. to the other benefits
described in this sectfon. As COWPS testified:

Although a reduction in workmen's compensation payments

is a benefit to employers who no longer have to pay

workmen's compensation premiums, it represents an

almost equal and offsetting cost to workers who no

;ngt);er receive such payments.  (COWPS, Ex. 208, pp.
In other words, workers' compensation payments are transfer payments from
employers to impaired workers., The true sccial cost is the incidence of
occupat fonal hearing impairment and the various other 17 effects of noise;

the true social bepafit s the reduction in the number of hearing

impairmants and 111 effects.
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Annoyance
Several of the studies in the record quantified the bepefit of raduced

annoyance from noise exposures, (See CPA, “Some Considerations,” Ex. 138A,
pp. 2-55 to 2-59; Smith, The Cccupational Safety and Health Act, Ex. 261A,
pPp. 46-52; COWPS, Ex. 208, pp. 17-18.) Although these calculations provide
interesting information, they primarily apply to the bensfits of using

engineering controls to reduce noise exposures. The use of hearing

protectors to achieve noise reductions will not create the full value of
these benefits, because hearing protectors ailso create disutilities,
especially worker discomfort, for those who must wear them. Thus, the
benefits of less annoyance due tao lowered noifse levels are 1ikely to be
considerably reduced by this disutility aithough there are no data fn the
racord enabling OSHA to make a more precise determination.

Horker Productivity ‘

The hearing conservatian amendment may aiso improve the productivity
of workers exposed to high levels of noise. There are two possible
mechanisms for this: {1) through improvements in conscious worker attitudes
towards their jobs.;‘ and (2) through subconscious reductions 1in
psychological and physiological stress. The hearing conservation amendment
will improve the quaility of worker lives by preventing occupational hearing
loss and by reducing the incidence of other nofse-induced illnesses. These
improvements in the quality of life may improve worker attitudes towards
their Jobs, thus leading to increases in the quantity and the quality of
goods and services they produce. The reduction of noise exposures through
the fssuance and use of hearing protectors may aiso Improve worker
performance even if it does not improve conscicus worker morale. In
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particuTar, workers may still hold the same attitudes towards their jobs,
but may be more productive because of a reduction in the subconscious
psycholagical and physielogical stress experienced by workers exposed to
wurkp'lar:e noise.

In both cases, employers, workers, and consumers would benefit
financially. The increased production and improved product quality would
benefit employers by offsetting, at least partially, the cost of the
amendment. To the extent that the increases in output and improvements in

quality increase the productivity of labor inputs, workars could be ahle to

gain ‘improvements in wages and fringe benefits. Finally, consumers would

benefit from the 1increase in the quantity and quality of output. This
increase would enable them to purchase an increased quantity at existing
pricas or continue to purchase the existing quantity but at reduced prices.

Thus, one can reasonably believe that reductions in noise exposure
with the use of hearing protectors could, through fmproved worker morale
and reduced subconscious stress, improve worker productivity and lead to
financial benefits for employers, workers, and consumers. However, the
empirical literature summarized in submissions to the noise record does not
provide enough data to confirm or reject this.

In their ¢riteria document on occupational exposure to noise, NIOSH
reviened some of the literature on the effact of noise on job performance

(NIOSH, Criteria for a Recommended Standard, Ex. 1). NIOSH discovered that

the effact of noise appears to be quita variable depending on the type of

_noise, the nature of the job, and the attftudes of the person affected. It

also oppeared that dJmpulsive nofse (recurring bursts of noisa of high
ﬁmensity) and intermittent noise (on and off exposures) create greater
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performance losses than continuous noise. The nature of the Job is also
important--jobs which requira "unremitting attent{fon" or ‘“which place
extreme mental demands on the employee" appear to he the most vulnarable to
decrements 1n employee performance under noise exposures. For simple,
repetitive tasks, performance may be enhanced by the presence of low to
moderate tevels of noise. Finally, it appears that certain attitudes and
person‘ality factors influence the effect noise has on task performance.
Tense, anxfous {individuals, as well as those alrea\_dy dissatisfied with
their jobs may be less able to perform productively undar noisy conditions
that other persons {NIOSHM, Critaria for a Recommended Standard, Ex. 1, pp.

Iv-12 to IV-16). ]
EPA and Edith Gulian drew similar conclusions from their reviews of the

literature. EPA concluded that continuous noise levels above 90 dB can
impair Jjob performance for “noise sensitive tasks," such as vigilance,
information gathering, and analytical tasks. Noise levels of less than
90 d8 can be disruptive, especially if the nofse {s composed of high
frequencies, or if it {s "intermittent, unexpected, or uncontroﬂa_bTe."
The azmount aof this disruption is a function of the nature of the task, and
the psychological and physiological state of the individual. The studies
surveyad showed that noise does not usually affect the total quantity which

2 person produces, but may increase the varizbility of the work rate and

reduce the accuracy of the work (EPA, Public Health and Welfare Criteria

for Noise, Ex. 31, pp. 8«1 to 8-7). Gulian's survay of the European

literature found several studies which indicated increased production with

reduced nofse exposures, but concluded that the 1literature was inconclusive

on the effects when noise levels were lower than 100 dB, although under
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certain conditions lower levels have shown adverse effects on productivity

‘(Gulian, Ex. 97, pp. 18-20).

‘Many of these studies involved testing the ability of persons to
perform certain experimental tasks under laboratory conditions and not
actual Jobs under industrial working conditions. Moreover, the studies
mentioned above investigated primarily the effacts of noise on performance.
They did not examine what effect the jissuance and use of hearing protectors
might have on Job performance.

One study that did examine the effect of hearing protectors indicates
that the issuance and use of hearing protectors may have an adverse effect
on product ivity. This study, by L.R. Hartley (cited by CPA, "Some
Considerations,” Ex. 138A, pp. 2-45 to 2-46), examined the ability of test
subjects to perform a laboratory task under four Iconditfons: quiet, quiet
while wearing hearing protectors, noisy, and noisy while wearing hearing-
protectors. Under quiet conditions, subjects were exposed to broad-band
noise at a C-weighted sound lavel of 70 dB; for noisy conditions exposures
were at a C.weighted sound level of 95 dB. The researcher used two
measures of subject performance--the number of gaps (pauses of 1 1/2
seconds) and errors. The results revealed that without hesring protectors,
exposure to noisy conditions increased both the number of gaps and the
number of errors compared to the quist conditions, When the subjects were
exposed to conditions of quiet, the use of hearing protectors increased the

nunber of gaps and errors. Finally, under noisy conditions, the use of
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haaring protectors decreased the number of gaps, but increased the number
of errors. CPA concluded their discussion of this study by suggesting that

thase rasults:

...tend to give added support to the preference of
OSHA, NIOSH, and EPA for engineering solutions to
noise, rather "than personal ear protection, The
widely~observed resistance of workers to the discomfort
and annoyance of at laast some ear protectors increases
the probabjlity that their Imposition may sometimes
have negative effects on the quatity, if not the
quantity of industrially-produced goods (CPA, "Some
Considerations," p. 2-46).

A final determination of the effect of noise and hearing prdtector use on
productivity awaits the completion of further research. Therefore, O0SHA

has not hased its justification of the hearing conservation amendment on

possible gains in worker productvity.

ConcTusion
In this section, the benefits of the hearing conservation’ amendment

ware delineated and discussed. The primary benefit will, of course, be a
substantial reduction in the incidence of occupational hearing impairment
in the population exposed to workplace noise. The additional benefits to
be gained include improved workplace safety, reduced absenteeism, reduced
medical costs, and a possible reduction in cardiovascular and certain other
{11ness. The range of health, safety, and financial benefits, and the
magnitude of their favorahle impact on the quality of 1ife for U.S workers

serve to justify this amendment.

111-45



IV. COSTS OF COMPLIANCE

Introduction

Many industry groups strongly recommended to O0SHA that hearing

conservation programs are a cost-effective and affordable means of reducing

‘noise induced hearing impairment anong workers. Bolt Beranek and Newman,

{BBN), in their 1978 report for QSHA, {"Economic Impaet Analysis Iof
Proposed Noise Control Reguiatfon," Ex. 192) estimated that the hearing
conservation provisions of the proposed standard would cost the
manufacturing and utilities sectors of the U.S. economy a total of $289.3
millfon per year in 1975 prices. This amounted to an annual cost of $65
per worker included in the program. The monitoring, recordkeeping, and
associated tasks were astimated at $155.2 million annually, (p. 3-9) and
were hased on the assumption that a typical plant had 50 production workers
and could be surveyed by a nofse enginear for $600. The annual cost for
audiometric testing was calculated at $20 per production worker for $89.1
million, and hearing protectors were estimated at $10 per worker for a
total of $45 milljon par year (Ex. 192, p. 3-33). None of these cost
estimates were adjusted to reflect the existence of hearing conservation
prograns aiready.established by industry.

The BBN estimates of these provisions were not widely criticized,
Howaver, certain differences between the proposed standard and the final
rule, as well as the availabilfty of more timely cost data, have convinced
0SHA to update these estimates of the expected compliance costs. The
current estimation procedures, which are based on 2 thorough review and
analysis of tha entire record, are presented below for each major provision
of the final regulation (Appendix B provides the detailed calculations for

a sample SIC {industry). Overal] these new calculations show that the total
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annual cost of the requlation will average about $53 for each of the 5.1
miTlion workers estimatad to be covered by the hearing conservation
amendmant. Thus, the total cost of complying with all of tha provisions of
the amendment are estimated at about $270 million a year. After accounting
for some of t.he compliance activities already t2king place, OSHA estimates
that the new compliance costs will not éxceed about $254.3 million a year

and most 1ikely will fall well below this amount {see Table 7).

Table 7
Estimated New Annual Compliance Costs of the Hearing Conservation Amendment
Manitoring $ 73,731,000
Audiometric Testing 87,199,000
Hearing Protectors 45,534,000
Trn1n.1ng 40,029,000
Warning S1gns 1,795,000
Recordkeeping 5,033,000
Total $254,321,000

Source: 0SHA, 0ffice of Regulatory Analysis.

Monitering

The proposed standard directed employers to monitor worker exposure to
noise on an annual basis. The final amendment will be less costly because
in most casas, it regquires monftoring to be performed only every other
year. Although the final hearing corservation smendment requires that a
new reprasentative exposure bhe obtained whenever there is a change in noise

levels that would rendar the employee's hearing protection inadequate, in
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practice, the general availability of hearing protectors rated to reduce
high noise levels should make these occurrences infrequent,

A number of consultants have submitted decuments to the record listing
their fees for noise measurement services. For example, Exhibit 319 B-8
lists $440 plus expenses as the daily charge for a noise engineer and $36C
plus expenses as the daily fee‘ for a technician. Exhibit 319 B-11
indicates fees from $250 to $350 for an engineer and from $180 to $240 for

a technician, while Exhibit 319 B-16 reported between $229 and $465 plus

expensés for an engineer and between 3175 and $255 plus expenses for a
noise technician. The average of these daily fees is about $362 for an
engineer and $262 for a technician, fravel expensas will vary according to
each firm's location relative to the consuitant.  However, as the demand
far these services grows, economies of scale will operate to reduce costs
below current market charges. For exampie, the expanded market for
consultant services within a region will stimulate the supply of monitoring
consultants in the area, thereby minimizing travel expensaes. Also, noise
engineers should find it Jncreasingly profitable to combine resourges with
audiometric testing firms to provide industrtal clients with a complete
range of hearing conservatfon services. A growing number of firms already
market these comprehensive consuilting pEograms {Ex. 305; £x. 319 8.12), and
this one-stop approach to satisfying monitoring, testing and training
requirements should substantially reduce the costs of these services over
time.

Based on its survey experienca, OSHA has estimated the average time it
would take nofse experts to take measurements in plants of varying sizes.
Table 8 shows QSHA's estimate of the cost of hirfng a noise consultant,
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Table 8 l
Cost of Monitoring by Consultant

Nunber of Days in Field Days in Office Cost

L
Engineer Technician _ Engineer _

1-10 1 . ' § 412
11-20 1 .5 $ 593
21-40 1 | 1 .5 § 85§
41-60 1.5 2 .5 $1,298
61-80 2 2 -1 $1,660
81-100 2.5 3 1.5 52,284
101-120 2 4 2 §2,546

121-140° 2 5 2 $2,808

Source: 0OSHA, Office of Regulatory Analysis.

based on the daily fee of $362 for an engineer, $262 for a technician, and
a $50 avarage travel expense.

The moenitoring provision of the amendment requires the reporting of
representat fve exposures of all workers exposed to a time weighted average
{TWA) of noise above 85 dB, rather than an actual measurement of each such
employee. Thus, a measure of the exposufe of one employee may be used to
represent similarly exposed employees. $ince the data shown in Table 8
correspond to measured workers (as opposed to ;tners who are represented by
the measured workers), an estimate of the number of employees who would he
individually measured is necessary to assess the total monitoring cost.
Howevar, there 1is no data base available to identify statistically the
determinants of the number of empioyees who would actually have to be
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measured according to the final rule. This number will vary due to the
nature of the industrial process and the diversity of the work areas and
tasks. For instance, in workplaces where noise levels are fairly uniform
throughout the shop, fewer employees will need to be monitored than 1in
workplaces where the noise exposures vary extensivaely among workers.
Navertheless, it can be assumed that, in general, the percent of the work
farce to be measured would vary inversely with the size of the plant. (See
Ex. 309, p. 35, Table 3.1 for an example of how the percentage of workers
to be sampled within a group of simitarly exposed workers might decline as
the group grows larger.) Table 9 gives estimates of the percentage of
employees who would have to be measured individually to grovide
reprasentative exposures of workplace noise for all exposed warkers. These
estimataes were developed by OSHA, based on its broad experience with nofse
surveys for numerous fndustrial establishments, and are consistent with the
final monitoring requirement as they are predicated on a sampling strategy

designed to place employses within 5 dB ranges.

Table 9§
Parcent of Employees Measured to Provide Representative Exposures
Number of Employees Employees Measured
1-19 loox
20-49 ‘ 60%
50-99 50%
}00-249 ’ ' 40%
250 and aver 0%

Source: OSHA, Office of Requlatory Analysis,
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To refine the estimate of the cost of using consulting services to
conduct industrial noise measurements, jt was necessary to construct a
statistical distribution of the number of production workers din
manufacturing establishments of different sizes., The U.S. Bureau of the
Census provides 1977 data on the total number of employees in five

establishment size categories (County Business Patterns, CBP-77-1), The

conversion of this size distribution from total employeas to one limitad to
production workers was accomplished by combining these data with
information from the U.S. Bureau of Labor Statistics (BLS) (Employment and
Earnings, 1909-1978) to obtain a l5«year average ratio of the number of
product fon workers to the total number of employees. When mu1t1p11ed by
the 1877 Census estimates of total employment by f{ndustry and establishment
size, this procedure yields estimates of 1977 production worker employment
by industry and establishment size. These data are shown in Table 10.

QSHA believes that the best estimates of the total number of workers
af fected by this hearing conservatfon program are obtafned from the BEN
data on the percentage of workers exposed to various levels of naise in
those industrial sectors which include most manufacturing and public
utility firms (Ex. 192, p. 2-7). BBN's dindustry-wide estimates, as
prasented in Tabla 11, were developed from surveys of 68 firms representing
19 two-digit SIC categories, were basad on yéars of extensive experience
and expertise in noise control surveys, and were the most comprehensive and
detailed noise exposure estimates submitted to the record. Thus, thay
remain the best source of data on THWA exposuras in typical noisy fndustrial
.surro'undings.

Technically, reprasentative exposuras ara only requ1rgd for workers

with a TWA exposure to noise of 85 dB or ahove. Haowaver, it seems probab"le
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tTablo 10

Huabaer of Production Workora and Establishacnts by Induatry and Egtabliahsont Siza

1-19 Baployoads

20-49 Eaployaca

50-99 Eaployeas

100~249 Employuss

Over 250 Eaplaysus

81C Production  Hatablial- ProductTon BatabIioh="" Troductdon  HatablIiwh- Froductfon  EELALTIaN= YEUTTo ™ raran Ty
Horkers aanta Horkers manta Horkers , mants . Horkare Ranka Horkers aunta
20 15,382 13,118 122,613 4,783 158,034 2,813 292,110 2,312 ! 52?:55'1 o YII‘IIN;
1 411 102 817 30 1,402 2 5,407 37 44,363 42
22 17,182 2,647 36,719 1,230 33,029 023 143,386 1,002 " 525,41 805
21 72,714 12,301 150,59} 4,490 100,224 2,010 34,638 2,25 403,037 1,020
24 131,794 25,51 108,400 3,550 112,628 1;697 159,583 1,103 120,044, 119
25 31,4894 5,762 43,134 1,327 32,106 big -91,528 647 124,743 373
26 15,113 1,204 38,254 1,360 61,079 903 149,706 1,148 277,209 538
21 126,470 35,518 101,748 5,199 9,26} 2,042 12,2887 1,25 266,969 64l
o o2s 008 5,042 48,002 2,001 34,695 1,082 4,994 a4l 403,933 &7
4 29 0,380 1,319 9,21 206 4,980 - 13 23,797 142 0,264 123
a0 33,391 5,590 62,459 2,230 62,401 1,343 124,120 489 269,230 400
3 8,215 1,410 13,413 467 20,528 2 48,213 344 116,964 a2
32 74,668 11,639 80,303 2,810 63,700 998 107,929 750 22,6149 422
33 20,304 3,000 41,900 1,473 54,245 893 120,046 LTY 131,028 795
34 117,695 19,020 169,809 6,15 170,974 2,815 274,821 2,041 572,09 1,088
3y 163,075 32,204 153,393 6,406 135,719 2,302 219,331 1,11 942,683 ), 460
3% 10,200 7,192 'sa.un 2,212 an, jud 1,318 179,620 1,383 1,021,145 1,294
¥ 2,3 5,315 34,035 1,318 44,954 e 93,414 51 1,204,450 898
49 67,108 10,593 66,942 2,118 "3 1,156 110,509 44 335,420 AZl
Total 1,005,437 201,550 1,343,308 50,310 1,504,01 25,459 2,640,979 20,490 8,287,626 13,285

Bourca: Estimated an described in toxt £rom cthe U.5, Bureau of tha Blulun,. ‘County Buaingum Fattegns

Labor Btacistics, Kaployment and Barpinge,

el i, oo d & F e s i

1909-1974,

T

» cnrf-n-u and tha U8, Buresu of
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Table 11

Parcentage of Production Workers Exposed to Noise

Noise Control Regulation," (Ex. 192, p. 2+7; and BBN worksheets).

SIC 90 dB | 85 dB 80 dB 75 dB
20 16 28 47
21 6.5 9.7 28
22 52 75 87
23 0 1 20
24 72 94 97
25 12 30 - 53
26 21 40 59 |
27 19 45 66 | |
28 20 37 55 '
29 52 76 82 !
30 8.9 20 40 }
3l 0 1 20
. 32 4.8 15 42
33 38 ‘ 63 81
34 19 34 56
35 i3 26 48
36 2.5 7 27
37 13 23 42
49 30 4 8 _
Total 19.3 3.4 53.1 71.5
Source: Bolt, Barenek, and Newman, “Economic Impact Analysis of Proposed
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that many employees exposed to noise below a TWA of 85 dB would be surveyed
also. This is because, at least initially, empioyers would not know which
workers were exposed to 85 dB without monitoring representatives of most of
the workers stationed in fairly noisy work areas. Consequently, atl
vorkers exposed above a THA of 80 dB were assumed to be surveyed for cost
estimation purposes despite the fact that, as employers become more
knowledgeable about the exposures, this adjustment will overaestimate
menitoring costs.

Therefore, the .number of measurements for each establishment size
categary 1n each SIC industry studfed can be estimated by the following
equation:

{1) #= (PM/100)(PW/E)(N)
where: M= the number of measurements

PM » the percent of workers actually measured (Table 9)
PH = the number of production workers (Table 10)
E = the number of establishments (Table 10)
N a the percentage of workers exposed to >80 d8 (Table 11)
This formula simply muitiplfes: (the percent of workers that the sampling
strateqy would require to be actually measured) x (the average number of
production workers per establishment) x (the percentage of workers exposed
to > 80 d8). HWhen the number of measurements for each establishment size
are matched to estimates of the caorresponding consultant charges (Table 8)
this provides estimates of the average cost for a firm using a noise
consultant. Since monitoring will usually be required biennially, the
annudal consultant cost 15 one-half of the values listed in Table 8,
However, employers may elect to mdnftor with in-house personnel. An

acceptable dosimeter, raeadout and calibrator, such as described in Exhibit
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319 A-7, costs $1,230. The standard capital recovery formula with a 10
percent interest rate and a l0-year equipment lifetime gives an annualized
capital cost of about $200. Perfodic calibration costs could add another
$60 a year, In addition, it might take an employer about an hour per
measured employee to salect representative workers, make daily calibrations
of the dosimeter, and piace and remove the dosimeters from the individual
workers. Since this task may be performed by the employer or by supervisory
employees earning more than the average industry production worker wage, an
average cost of $10 per hour was used to account for the time required to
complete this task. Thus, the average annuzl cost for each establishment
can be calculated as $260 + (510 x the number of measured workers/2 years).
The resulting wvalues 1imply that monitoring would usually be done by
in-house staff only fn the largest plants where the average cost of $755+
is substantially below the $1,142%* average consultant cost. However, for
the smallest establishments, the annual consultant fee of $206 f{s
significantly less 'than the cost of developing an in-house program by
purchasing the required equipment. '

Alternatively, sound level meters and calibrators may be purchased for
5610 (Ex. 319 A-7)., Since thase meters are expected to last at least 10
years (Ex. 319 A-«7; Ex. 319 A-72), a 10 percent interest rate yfelds an
annuatized equipment cost of $99.27. Biennial c¢alibration would 2dd an

additfonal $30 per year {Ex. 319 A-7). Howevar, the time employars would

_need to make THA exposure maasurements with a sound level meter would often

*$260 + (10 x M/2) = §755, where M is defined as in equation (1) and
equals, on average, (.30 x 8,287,626/13,285 x. .531) which is 99,

*xTable 8 indfcates that the consultants fee for measuring 99 workers was
astimated at $2,284. If performed biennually, the annual cost is §1,142.
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exceed the time required using a dosimeter because sound level meter
measurements often reqﬁ1re fallowing employees through varfous phases of
the work procass. Far this reasen, the following calculations assume the
use of dosimeters for in-house monitoring.

It was assumed that employers would select the least expensive mode of
complying with the provision, Therefore, for gach $SIC sector, multiplying
the number of estahlishments {n each size class by the average consultant
cost where consultant servicas would he more efficient (generally the first
three or four astahlishment size categorias), and the average in=house cost
using dosimeters for the larger size categories where in-house programs are
more efficient, provides an estimate of the industry's monitoring cost.
Summing these costs over all the SIC's gives total costs of $78,427,000 to
initiate monttoring programs 1in all establishments d4n the studied
industries.

However, many firms already have 'extensive monitoring programs.
Although precise estimates are not available, & survey of hearing
conservation programs conducted by The National Institute for Occupational
Safety and Health (NIOSH) (Ex. 321-148) evaluated responses from 1,410
manufacturing firms {p. 7}. Twenty-nine percent stated that their firm had
a program concerned with hearing conservation (p. B-3), and 90 percent of
those firms, or 26 percent of the respondents, reported that thay currently
monitor workplace noise (p. B-7). Since the survey sample was heavily
weighted with firms of over 100 emgloyees. the results may apply primarily
to these larger firms. Table 10 indicates that there are about 33,775-
establishments with more than 100 employees in the industrias studied.
Based an the NIOSH study, it is reasonable to conclude that 26 percent of

the firms with more than 100 employees already have monitoring programs.
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Thus, the new annual cost of this monitoring provision falls to about
$73,731,000 for the 19 SIC sectors (See Appendix B for a detailed example
of the computational procedure).

Even more important, however, is the implausibility of the assumption
that avery single establishment in the industries studied would have
workers exposed to a TWA of 85 dB or greater. The only Targe=-scale survey
that presents estimates of the number of plants with noise‘Ievels above 85
dB 1is the Naticnal Occupational Hazard Survey (NOHS) prepared by the NIOSH
(Ex., 321-140). The Center for Policy Alternatives (CPA), Massachusetts
Institute of Technology, presented a pre]imingny summary of these data,
stating that "NIOSH has collected extensive data on noise exposures 1n
workplaces representative of American industry...* (Ex. 138A, p. 2-8).
Since NIOSH directed its staff to note "Any continuous noise in the
worker's normal environment equal to or exceeding 85 dBA..., regardless of
exposure duratfon...® (NOWS, vol. 1, p. 15), 1t {s clear that these
estimates of the number of noisy firms would exceed projections made on a

TWA basis. Table 12 displays the results of this survey, which indicate

that only about 49 percent of the plants in the studied industries have

workers exposed to noise levels of 85 dB or greater as measured by NOHS.
if this survey 1s accurate, the monitoring costs estimated above are
substantially overstated.

Moreover, the current racord does not adegquately indicate the widespread
current or future availability of rental markets for dosimeters or sound
level meters.  An informal telephone survey reveals that even the
relatively more expensive dosimeters can generally be leased for under
$100 per month. On a biennfal basis this is less than 350 per year for
most of the 311,094 astablishments in the industries studied, for a total
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Table 12

Number of Plants with Continous Noise above 85dB in the National
Occupationai Hazard Survey

No. of Plants with

Tt = e et

-‘Iggg:::y . Egggégf gg::?::ugxﬂgﬁgg*iu w?:;cggﬁt?:oﬂ;aag?se L
Manufacturing 141,397 68,949 48.8
19 . 113 72 63.7 S f
20 16,173 7,711 47.7
21 196 48 24.5 '
22 3,225 1,560 48.4 | 3
- 23 15,565 4,115 26.4 |
24 3,091 2,214 7.6 |
25 4,618 3,132 67.8 ;
26 4,859 3,673 75.6 5
27 13,609 5,248 3.6
8 6,743 2,423 35.9 |
!
29 - 993 599 60.3 |
30 5,640 . 2,967 §2.6 ,‘
a1 1,653 798 : 48.3 |
32 7,955 4,425 55.6
23 5,040 3,716 73.7
34 19,615 12,658 64.5
35 14,190 6,949 49.0
36 5,073 1,937 38.2
37 3,457 1,849 53.5 |
; 49 - - 45,8%nx |
|

Source: National Institute for Occupational Safety and Health, National
Qccupational Hazard Survey, Vol. IIT (Ex. 321-140{.
*NIOSH, Table 1, pp. 42-43,

**NJOSH, Table 49, p. 290. i
*k*Praliminary NOHS estimate reported 1n Exhibit 138A, p. 2-8.
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yearly eguipment charge of only $15.6 million. Alternatively, some firms
will share noise monitoring meters rather than purchase them. Thus, the
true new monitoring costs attributable to this hearing "conservation
amendment may be substantially below OSHA's $73.7 million estimate which
was based solely on data in the noise record.

BBN*'s economic. impact anatysis (Ex. 192, p. 3-9) projected annual
costs of $155.2 millien for the proposed monitoring provision. This

estimate overstates the cost of the final provision for several reasons.

First, the BBN analysis was based on the proposec.l requirement for annual

monitoring, whareas the final rule will generally require only bienniai
monitoring.  Second, BBN's methodalogy assumad that a1l industrial firms
employed 50 production workers and would hire nofse consultants to conduct
the monitering requirements. OSHA has determined that larger firms will
find it substantially more economical to obtain noise measuring {nstruments
and to perform the monitoring themselves. Third, BEN's estimate fncludes
the cost of recordkeeping which OSHA treats as a separate cost category.
Fourth, the BBN estimates do not reflect the current rrnnﬁ:ur'fng activities'
which are already taking place. 0SHA believes that these factors taken
tagether more than offset the price increases which may have occurred since

BEN's 1976 repart and consequently account for the divergent astimates.

Audiometric Testing

An analysis of the record indicates that the cost of audiomatric
testing will vary with the size of the establishment. Very small plants
are likely to send product ion Qorkers who require testing to a ¢linic or
doctor. Somewhat larger plants will contract with audiometric testing
firms for the actual exam and review. 5til11 larger plants will find it

cost effective to purchase the equipment for audiometric testing, to train
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the industrial nurse aor safety director to give the test, and to use an
outside firm or doctor to review the audiograms. The largest firms will
perform the entire service in-house.

Commercial specfalists who evaluate workers' hearing have submitted the
following per employee costs for audfometric testing, review and reporting:
$7.50 to $10.65 (gx. 317); $10.00 (Ex. 319 8-5); $3.00 or less for more
than 100 (Ex., 319 B-12); $7.00 to $20.00 (Ex. 319 B-5); and $12.00 (Ex.
293). These firms generally provide this service by transporting an
audiometrfc test booth in a mobile van directly to the commercial
establishment that has contracted for the testing. Employees of the
smallest firms, however, will often be sent to a clinic or doctor's office
to be tested. These fees will vary greatly and some are rather high (Ex.
2C-71-3, p. 50 reported '$20). However, many clinic or physician fees
sh;uld ultimately be comparable to those charged by mobile units because
(1) negotisted fees are a traditional practice in industrial medicine, (2)
employers of small firms may group togethef to gafn scale economies, and
(3) stationary medical facilities do not bear the substantial
transportation costs borne by the operators of mobile vans.  (For example,
the Washington Speech and Hearing Society currently charges $120 plus $10
per exam for their central mobile unit but only $7.50 per test at thair
facility.)

Because the current market for audiometric services is small relative
to the demand that would follow the promulgation of this ragulation, it is
not possible to make pracise estimates of the cost to all firms that would
purchase these services. However, in order to estimate the regulatory
cost, it is reasonable to assume that the average firm sending workers to a

clinic would Tose about 2 hours in lost production time plus about $15 per
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worker for test feec and travel expenses. For firms large encugh to take
advantage of mobile units, the estimated lost production time per worker
would be about one-half hour, and the submfssions cited above imply an

average test fee of about $12.00.
For large firms, 1in-house programs will be substantially less

expensive. A comment to the Advisory Committee (Ex. 102, Sec. 9, p. 15) -

estimated the cost of providing audiometric testing programs for firms with
200, 300, and 500 employees at about $6.00, $5.00, and $4.00 per audiogram,
raspectively. ' Numerous submissfons in the record 1itemize the specific
companants of thase costs. For example, audiometric test booths sell for
about $1,700 (Ex. 319 A-44; Ex. 319A-51; Ex. 2C-71-3, p. 47), and
installation could add about $300.: Audiometer price quotes average about
$500 - (Ex. 319 A-sl; Ex. 319 A-53; Ex. 319 A-60; Ex. 319 A-62; Ex. 319
A-66; Ex. 319 A-67) and are expected to operate for 10 years (Ex. 319 A-90;
Ex. 319 A-60). The calibration procedurss require a coupler which costs
about 5130 {Ex. 319 A-16; Ex. 319 A-11} and a sound level mater with an
octave filter set which costs about $1,000. The operator's certification
course 15 good for S years and costs $250 plus 3 days of an employee's time
{Ex. 319 B-4} which ampunts to $240 at $10 per haur. The cost of
calibrating the audfometer could be another $100 every other year (Ex. 102,
Sec. 9, p. 16). Thus, the total capital outlay s about $4,200. Assuming
that the test booths last for 20 years, the other eqhipment lasts for 10
years, the certification course 15 given every 5 years, and the interest
charge 1s 10 percent, the total annualized cost amounts to about $650.
Since one exam takes about 10 minutes of time {Ex. 306-J5C, p. 9; Ex,
319 B-6), approximately 48 workers can be tested by a technician earning a
daily rate of apout $80. Thus, the cost to the firm of the technician's

time amounts to $1.67 per vorker tested. The cost of reviewing audiograms
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and reporting the findings is alsc dependent upon whether this service is
contracted out or done in-house. Contractor fees for reviewing audiograms
are reported at $2.28, $2.50, $3.00, and $4.00 per audiogram (Ex. 317; Ex.
319 B-12), whereas the in-house review by a physician or audiologist was
estimated to cost only $0.25 each {Ex. 102, sec. 9, Audiometric Testing, p.
16).  Thus, using $2.50 as a reasonable - average cost to review the
audfogram, 2 typical cost for administering the tests as well as reviewing
the audiagrams would amount to $4.17 per unit ($1.67 + $2.50). Finally, a
cost for one half hour of lost production for each worker during the test
procedure adds an additional one-half af the hourly wage per worker tested.
In summary, the annual cost of the in-house audiometric program is esti-
mated at about $650 per establishment for equipment and certification-
related charges, and about $4.17 plus one-half of the industry hourly wage

for each employee tested.

The Can Manufacturers Institute, Inc., (Ex. 2C-71-3, p. 50) stated that
it would become cost-effective for a firm to develop its own audiometric
testing capability when the number of audfograms it required reached about
100 per year. Dr. W.G. Thomas, (Ex. 102, sec. 9) put the b_reak-even point
between in-house and contracted audiometric testing at about 300 employees.
To estimate the number of firms that would develop their own testing
facilities, it {s appropriate to use the Table 10 estimates of the number
of productien workers in the five establishment size categories for the 19
industries studied. The data in Table 10 imply that if the BBN astimate of
34.4 percent of production workers exposed to a TWA >85 dB remains constant
across astablishment sizes, the averaqe number of workers per establishment

in the hearing conservation program will be lass than 2 employees for the
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smallest size category and 9, 21, 46, and 213 employees, respectively, in

the larger establishment size categories.

It is 1likely that workers in the two smallest establishment size

classes (1-19, and 20-49 employees) would travel to facilities outside the '

firm to take the audiometric exam, As explained above, the estimated
annual cost for these establishments in each SIC sector would be the number
of workers exposad to nofse at or above a TWA of 85 dB x (2 hours at the
industry hourly wage + $15 per test). For workers in the third and fourth
largast size categorfes (50-99, 100-249 employees), the best assumption is
that hearing conservatfon firms with mobile wvans will service the
employees. Since each employse would miss only about a half-hour of work

time, the annual cost per industry for thase intermediate-sized firms 1is

" the nutber of workers exposed to nofse at or above a TWA of 85 dB x (.5

hours at the industry hourly wage + 5§12 per test).

Mast firms in the over 250 employee size group would choose inehouse
audiometric programs. The annual cost for these firms, as detailed above,
is estimated at ($650 x the number of establishments) + [the number of
workers exposaed ta a TWA of 85 dB or greater in these astablishments x
{$4.17 + .5 hours at the industry hourly wage)].

The data needed to complete the zhove calculations fnclude the percent
of workers exposed to & TWA of >85 dB as shown in Table 11, the number of
production workers and plants by establishment size in each industry as

presented in Table 10, and the 1979 dindustry average hourly wage as

reported by BLS (Empioyment and Earnings, March 1980). Howaver, workers

employed for less than 120 days with one firm are exempt from this

provisfon. Employment data from the BLS as weU as submissions to thae

record {Ex. 14-279; Ex. 14-512) indicate that SIC's 20 and 21 hire a
[v-18
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substantial numbar of seasonal employees. In fact, the 1979 BLS average
monthly employment estimate would fall by 17,100 and 1,400 in SIC's 20 and
21, respectively, if employment in each industry's 120-day peak employment

period were adjusted downward to the level of the following month. The

data from Table 10 were revised to reflect this exemption in order to

astimate the cost of audiometric testing. Temperary workers in other
fndustries will alsp take advantage of the exclusien, but the lack of
appropriate data have prevented further adjustments to these calculations.

In additioen to the annual audiogram, some workers will need to he
rete'sted during the year awing to thrashold shifts, oﬁerator errors, or
inconsistent test results. A number of workers wil}l exhibit temporary
threshold shifts 1f they are tested toward the and of the workday after
being exposed to excessive noise. MWearing effective and properly inserted
heiring protectors prior to the test would lower the incidence of temporary
threshald shifts, whereas testing at the start of thg day would
substantially eliminate their detection. The'number of permanent threshald
shifts recorded will depend upon the intensity of the noise exposuraes, the
worker turnover rates, and the effectiveness of the hearing protectors. In
addition, the requirement for a recheck is waived if the annual test is
conducted after 14 hours free from workplace noise. If as many as 20
percent of the workers require rechecks, the overall cost of audiometric
testing would total $92,352,000 or about $18 per worker tested.

This discussion has assumed that no audiometric testing is currently
provided. The noise  record, however, indicates that many industrial
astablishments already offer audiometric testing to their employees. For
example, a survey by the Forging Industry Assoc1at1on' revealed that 382
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percent of the 151 member firms responding do periodic testing, (Ex.
321.25), while Table 90 of the NOHS (Ex. 321-14D) shows that in their
sample, 40 percent of the manufacturing workers exposed to continous noise
above 85 dB received audiometric exams. Table 13 of this same exhibit
indicates that primarily the largest-sized establishments provide this
saryvice for their workers. Sti11 another NIOSH hearing conservation survey
shows that annual and biannual audiometric tests account .for about 23
percent and 13 percent, respectively, of current industry testing programs,
with retesting periods in other programs ranging from & months to every 5
years {Ex. 321-148, p. 30). For cost astimatfng purposes, it seems
reasonable to assume that on average, these tests ars already provided on a
biennial basis to 40 percent, or on an annual basis to 20 percent of the
workers 1in plants with more than 250 'emplnyees. Since the number of
astablishments providing these services 1s unknown, an accurate accounting
of the costs already accepted by industy is not possible. Reducing anly
the labor-related cost of the Tlargest firms by 20 percent to reflect
current practice brings the total cost of this provision to $87,199,000 a
year (See Appendix B for an example of the calculations). This estimate is
not significantly different from BBN's 1976 estimate of 89.1 million even
though BBN did not adjust their data to acknowledge current progéams and

simply used a $20 per worker cost (Ex. 192, p. 3-33).

Hearing Protectors
Hearing protectors used in industry include ear muffs, disposable ear

plugs, molded plugs, and customemolded plugs. Unfortunately, there is no
survay information on the percentage of workers who wear' aach type of

protector. In hot, humid environments, workers are likely to choose plugs.
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It is prebable that plugs will be chosen in more than a majority of
instances as they are often associated with a lesser. degree of discomfort.

Substantial data on the price of ear protectors have. been collectad for
the record. For example, disposable foam ear plugs can be purchased for
§0.15 a pair (Ex. 319A-41) and are reusable. If employees use two pafr a
week, the yearly cost is $15.00. Disposable non-foam ear plugs cost only
from $0.06 to $0.07 a pair (Ex. 319 A-30; Ex. 319 A-37). For a new set of
plugs each day, these costs would average about $16.50 a year per employee.
Molded ear plug prices are quoted at about $1.50 (Ex. 319 A-30; Ex. 319
A37), and would cost $6.00 a year if workers used 4 pair per year. Custom
molded plugs can be purchased in a kit that makes up to 50 pair of ear
plugs at $3.10 a pair (Ex. 319 A=35). These plugs, with minimum care, will
last 2 or 3 years (Ex. 319 A-36). Ear muff prices are listed at $9.50 (Ex.
319 A-30), $7.60 (Ex. 319 A-31), and $8.40 (Ex., 319 A-37). The estimated
cost of about $10 per year per employee reported by the Industrial
Fasteners Institute (Tr. 1611}, Bethlehem Steel Corporation {Ex. 145), and
BEN (Ex. 192, p. 3-33) appear consistent with these rates. Based on a cast
of $10 per year per employee, 1f hearing protectors were provided to all
employees axposed to nofse at or above a TWA of 85 dB, the cost of this

provision would be $51,296,000.
The NIOSH NOHS survey also indicates that about 20 percent of the

workers exposed to continous nofse at or above B85 d8 are subject to

attempts to reduce exposures (See Vol. I1I, Table 51). Moregver, the data
in Table 90 of the NOHS study show that hearing protectors are almost
always the method selected to accomplish this reduction. Since the data
show that 20 percent of the wvorkers exposed above 85 dB are provided

hearing protectars, this implies that more than 20 percent of those exposed
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above 90 dB have them. This is because it 1is probable that most of the
current worker use of hearing protectors takes place among workers whose
exposures exceed 90 dB.  However, 1f we assume that just 20 percent of the
workers exposed to nofse ahova a TWA of 90 dB are aifeady supplied with
hearing protectors, the total cost of this provision is $45,534,000. This
may be an overestimate of the cost to the axtent that not all workers

exposeg between 85 and 90 dB are required to use the hearing protectors.

Training Program

The major cost alements for the training program will be the cost of
the production lost while the workers are being trafned, and the cost for
the individuals providing the training. Because the training session may
last about an hour, the cost for production time Jost while training takes
place can be estimated by multiplying the industry average hourly wage
times the number of workers trained. The cost for the people conducting
the trafn1nq will vary with the size of the establishment. The data from
Tables 10 and 11 fmply that establishments with under 100 employees avérage
less than 21 workers exposed to noise at or above a THA of 85 dB. A
training program consisting of one hour per year per establishment seems
appropriate for these size c¢lasses, For establishments with more than 100
employaes, 1t is reasonable to assume that cne individual could train 30
peaple in one session.

Consaquently, the cost of training can be estimated at (the average
production worker hourly wage x the number of workers exposed to noise > a
TWA of 85 dB) + (the number of establishments with lass than 100 empioyees
x the cost of providing one hour of training) + (the number of employees
exposed at >85 dB in establishments larger than 100 employees divided by
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30 workers per session x the cost of providing one hour of training). If
we assume that the cost for the person providing the training is $10 an
hour, the cost estimating equation for each SIC is:

$ Tr = (W)(PW)(P) + $10 e + $10/30 (PHE)(P)

ware:
$ Tr = the cost of training
W = the hourly production worker wage
PH = the number of production workers (Table 10)
P = the fraction of workers exposed to >85 dB (Table 11)
e = the number of establishments with Jess’ than 100 employees

(Table 10)
PHE = the number of production workers in establishments with over
100 employees (Table 10)
Suming aver all SIC's, the total cost of training for the 19 dindustry
sestors {s estimated at $40,029,000. Although a number of comments
described well organized trainfng programs already in operation (Ex. 307,
J2C, p. 11; Ex. 147C, p. 335; Ex. 147A, p. 6), and it is 1ikely that many
firms do some training, no estimates were available of the tota) number of
such programs currently in existence. Therefore, the above astimate for

the cost of this regulatory provision is overstated by the extent that

tndustry already provides this instructian.

Harning Signs

The cost for noise warning signs will vary with the plant layout and
the number of entrances into the noisy area. Signs are available for
stightly over a dollar (Bilsom International, Inc., Product Order Farm,

ete.). If, on the average, one sign accommodates ten warkers and takes 15
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minutes to install, the cost to a firm for placing one sign would be about
$3.50 at a £10 hourly wage, and the total cost of the provision would be
$1,795,000. ATthough 0SHA's calculations traat this estimate as an annual
cost, it is probable that most signs will last for considerably longer than

one year.

Recordkeeping

Updating records of noise exposure should take no longer than' 10
minutaes per worker measured. This amounts to 5 minutes per worker per
year. Recordkeeping of audiograms, could also take about 5 minutes per
employee par year. The cost of this lost work time would equal 1/6 of an
hour x the industry hourly wage x the number of workers expaosed to noise at
a TWA of >85 dB. .

In addition, recordkeeping of periodic catfb;ation of audiometers could
tuka'zo minutes per year. If avery establishment with over 250 employeas
in the SIC's studied maintained an audfometer, the total cost for the

actfvity would ba 2/6 of an hour x the industry hourly wage x the number of

- @stablishments. It can reasonably be assumed that most firms that market

hearing conservation services already keep these records so that their
additional costs would be negligible. Thus, the total recordkeeping costs

are estimated to amount to $6,033,000.

Conclusion _
Overzll, the above calculations show that the annual cost of

compliance with all of the provisions of this regulation would amount to

about $53 for each of the more than five million workers protected by the

program., The total cost of hearing conservatfon programs, as measured in
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currant dollars, is about %270 million a year. After adjustment for some

of the compliance activities already taking place, the total new costs fall

to $254 million per year.
0SHA's estimates do not appear inconsistent with industry statements.

For example, testimony from the Industrial Fastenmers Institute implies an
annual cost of $50 per employee (Tr. 1611, 1612), and the American Boiler
Manufacturers Association camented.that $35 per production worker s a
conservative estimate (Tr. 1573). Dupont stated that its comprehensive

program cost the firm between $10 and $20 per worker per year (Ex. 306 -

J5e). Moraover, a'study submitted by the American Textile Manufacturers

Institute estimated an annual cost of $14.16 per employee (Ex. 275 B,
Attachment I). BBN offered the only industry-wide calculation. However,
as described above, thefr cost estimate of $65 per worker does not reflect
significant changes from the proposal to the final rule.

Table 13 displays the new compliance costs attributable to this
amendment as estimated by QSHA for each Industry sector. To the axtent
that many establishments 1in the industries studied are not affected by
noise, or already comply with most of the requirements, or that rental
equipment 1s easfly available for monitoring purposes, actual costs would

be substantially below the estimates provided.
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Table 13

Estimated New Annual Compliance Cost of Hearing Conservation Amendment

SIC Industry Est imated Cost
20 Food $17,319,440
21 Tobacco 224,058
22 Text1les 17,756,670
23 Apparel 6,134,562
24 Lumber & Wood 30,864,350
25 Furniture & Fixtures 6,117,181
26 Paper 9,076,951
27 P}1nt1ng & Publishing 22,284,030
28 Chemicals 10,944,270
29 Petroleum & Coal 4,454,069
30 Rubber & Plastics 6,721,314
il Leather 909,841
32 Stone, Clay & Glass | 7,348,522
33 Primary Metals 23,072,240
3 Fabricated Metals 23,505,250
35 Machinery, Except Electrical 25,519,890
36 Electrical Machinery 6,843,939
37 Transportation Equipment 12,914,530
49 Utilities 22,310,000
Total $254,321,000

Source: 0SHA, Office of Regulatory Analysis.
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V. ECONOMIC IMPACT

Introduction

The cost of the hearing conservation amendment will generate a series
of econamic effects on‘those industries that expose their employees to
significant amounts of noise. It is difficult to forecast precisely the
magnitude of the specific impacts that will occur because they depend in
part upon decisigns by individual employers on how best to respond to the
costs of the amendment. However, the economic framework within which the
decisfons will be made can be described, and the potential range of
subsequent impacts can be identified. For example, compliance costs will
exert upward pressurg on the prices of the products produced in those
industries. Conversely, profits and employment may decline if sales cunnot
be maintained at the higher price levels. tHowever, the 2nalysis presented
below indicates that the economically adverse effects of the program will
be exceedingly small compared to each industry's ability to finance them.
Moreuyer. it is shown that the most severe of these impacts will hardly
influence the varfous financial indexes used to assess each industry’s
economi¢ well«baing.

The analysis that follows is based upon the assumption that the cost of
production in each affected Industry will rise by the full extent of the

.compliance costs as estimated 4n the previous section. However, evan if

these compliance cost estimates are approximately correct, it {s prohable
that the accounting Tedgers of the impacted industries will not reflect the
full burden of these cbsts. In fact, studies cited in the Benefits section
above support the view that the amendment may cause significant cost
savings due to decreased rates of industrial accidents, absenteeism, and

workers' compensatien premiums. Toa the extent that dollar outlays for
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these business expenses are reduced following the implementation of the
amendment, the net regulatory cost to industry will diminish. Howaver, to
demonstrate conclusively the economic feasiblity of the amendment, this
section does not adjust the above compliance cost estimates for these

potent ially important cost reductions.

Price Impact

Econgmic reasoning indicatés that firms will attempt to pass on higher
.production costs by increasing the selling price o% their products. If an
industry faces a perfectly Inelastic demand for fts output, the
manufacturers would shift the entire cost of complying with the amendment
ta their customers through a price increase without a contraction of
industry salaes. This market condftion, however, is seldom 'the case. On
the other hand, if the industry supply curve is perfectly elastic, product
prices will rise by the full amount of the cost increase, but f{ndustry
output will fall to the extent that salas are {fnversely related to price.
Except for over very long time periods, this industry reéponse would aiso
be cans{dered unusual.

_ In general, firms will try to pass an cost fincreases by ralsing
product prices, and consumers will respond by reducing their purchases of
the industry*s products. Most firms, therefore, will find that they cannot
quickly recoup a1l of their profits through price hikes, but must settle
for price increases allowing less than a full cost passthrough. If firms
could pass on their entire cost increase, however, the maximum expected
price rise can be calculated by dividing the estimated compliance cost for
each Industry by the sales of that industry, and expressing the result as a

parcentage. Table 14 presents the percentage price increasg that would be
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Table 14

Maximum Price Increase

Estimated 19749 Max mum
Cost of Total Price

SIC Industry (?m;??T$gﬁs) (gh;?T??gﬁs) %gg:ggﬁ:)
20 Food 17.32 234,828 0.0074
21 Tobacco 0.22 12,173 0.0018
22 Textiles 17.76 46,992 0.0378
23 Appare! 6.13 © 40,080% 0.0153
24 Lumber & Woad 30.86 39,781 0.0776
25 Furniture & Fixtures 6.12 16,853 0.0363
26 Paper 9.08‘ 65,033 0.0138
27 Printing & Publishing 7528 49,527 0.0450
28 Chemicals 10.94 149,181 0.0073
29 Petroleum & Coal . 4.45 134,041 0.0033
30 Rubber & Mastics 6.72 44,742 0.0150
31 Leather 0.91 7,508 0.0121
32 Stone, Clay, Glass 7.35 ' 48,185 0.0153
. 33 Primary Metals 23.07 140,122 0.0164
34 Fabricated Metals 23.51 109,463 0.0215
35 Machinery, Except Electrical 25.52 157,695 0.0162
36 Electrical Machinery 6.84 110,713 0.0062
37 Transportation Equipment 12.91 194,461 0.0066

Source: USHK, Office of Re uIanry lﬁialysls. U.s. DeparEmenE of CDH'ITHEI"CE.

Survay of Current Business {July 1980): S.-4,

*Data for 1977. See U.S, Department of Commerce, Bureau of the Census,
Praliminary Report, 1977 Census of Manufactures, Table 2, p. 4-23.

**Ravenues from sales to customers for alectric power and gas utilities. See
U.5. Department of Commerce, Survey of Current Business (July 1980): S-23,
This figure s1ightly understates total revenues Tor the entire SIC 49 because
1t does not include revenues from sanitary services.

y-3

-t




attributable to the amendment 1f the entire cost 1is passed on solely and
exclusively in the form of price increases.

The table shows that the overall impact of the proposed amendment, if
all of the costs were passed on, would be to f{ncrease prices by 0.01
percent, f.e. one hundredth of a percent in the 19 {ndustrial sectors
studied. This clearly implies a negligible change to any of the nation's
more aggregated price index series. K¥hile there is variatfon‘ amgng
industries, in only a few cases are the estimated price increases greater
than a few hundredths of a percant. The largest increase in price, 0.078
percent, s recorded for the 1umber'and wond sector, an industry estimated
to have over 94 percent of its production workers exposed to noise levels
above B85 dB.  However, even this price increase is of such a small
magnitude that 1ts effect would be hardly noticeable among all of the other

cyclical factors affecting the industry product prices.

?1nanc1a1,Impact

The discussion above 11lustrates the impact on prices if.the costs of
the amendment were shifted entirely to industry customers through higher
prices. Alternatively, the entries in Table 15 show the impact upon praofits
if the costs were solely and exclusively absorbed from profits. The
percentage decrease in profits was calculated by dividing tha cost of the
amendment for each industry by its estimated 1979 profit Tevel. Table 15
indicates that even in the highly unlikely event of no price change,
ovéra11 profits would decrease by only 0.19 percent. Profits would fall by
under 1 percent in ail 1ndustry sectars, and in the great majority of
cases, the anticipated decline dis less than one-half of one percent.

Moreover, to the extent that output prices rise at all, profits will fall



. Table s ’
Max{num Profit Reduction

Est imatad 1979

Cost of Pre-tax Profit
SIC Industry '(ﬂ?mﬁ.) (:r:ﬂ;:m“) ?:Srmc:;gl)‘
20 Food 17.R 10,081 0.1718
21 Tobicco o 2,237 0.0098
22 Textiles 17.78 2,201 0.7752
23 Apparel 6.12 2,033 0.3015
24 Lusber & Wood 30.485 3,140 0.9828
25 Furniture & Fintures 6.12 803w 0.6931
26 Poper - 9.08 4,814 0.1886
27 Printing & Publishing © 2.8 6,077 0.3566
28 Chemicals 10.24 13,372 0.0818
23 Petrolewm & Coal 4.43 25,239 0.0176
20 Rubber & Plaatics 6.72 1,929 - 0.3484
a Leather 0.91 §47 0.1406
32 Stans, Clay, dlaas 7.35 3,650 0.2014
33 Primiry Wtals 2.07 8,25 0.3712
¥ Fabricsted Metals 23.51 6,030 0.3442
35 Machinery, Dxcept Elactrical 25.52 15,404 0.1648
36 Electrical Machinery 6.04 10,584 0.0028
37 Tramsportation Equipment 12.91 8,605 0.1490
o B3 T Sl

Urcas " af Nagulafory Fade aston,

1] alysis. U.5. Federa
Qurrtarty Finmeial Aeport, Firat Quarter 1980, pp. 1853,

*The Quartarly Finsoc{ial Report aggregatcs incoms for *Other Mondurales®
(51C% . prestan income of $2,580 mi11ion was allocated to the
reapective SIC's on the basis of the 1970 Internal Revenue Sarvice sllls

data. The IRS survey gives 76.84 psrcent, of *MNat Incoms (lass deficit)" to
SIC 22 and 24.18 pargent to SIC 31. Sam Internal Ravenua Service,

freliminary Report, Statistics of [ncoms - 1876, Corporation Income Tax
Rat IE ﬁg 3 O.C.y 1079] Us

[T &501ngkon, U.u., s P

The gslrtaﬂﬁ Financ1al RnF't t1sts incoma for "Other Durable
ManutacturTng Products ch 13 composed of SIC's 24, 25, and 39. The
pre=tax incema of 55,934 mi1ion was also allocated on tha baais of the 1976
IRS data (3eg * sbova). The distribution was %2.91 percant for SIC 24, 14.40
percant for SIC 25, and 32.21 percent for SIC 39. Since 39 was not ingluded
in this study, the profits frow that industry are excluded from this tabla,

«mThis amount fs 4130 based upon the 1976 IRS data (ses * above). The 1978
profit rata was calculated by dividing Het Income (less deficit) by total
recoipts. This profit rate, 6.1 percont, was then multiplied by the tatal
1979 revenues presented 1n Table 4.
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by a smaller amount than 1isted. Thus, even these fractional values.must
be considered astimates of the maximum reduction fn industry profits.

The abiTity of the affected industries to raise sufficient compliance
funds through normal commercial channels 1s another relevant consideration.
Table 16 presents several financial indicators for U.S. manufacturing

industries as presented in the Quarterly Financia) Reports pubTished by the

U.S. Federal Trade Commission. The three indicators - cash on hand,
outstand1n§ short term loans, and net working capftal - have been choosen
because each helps to establish the ability of an industry to finance the
costs of the amendment. Comparing the magnitude of thase varjables to the
volume of required funds Indicites whether the dollar outiays would be
disruptivﬁ to the traditional financial operations of the affected
ndustries. .

Table 16 shows that for the 19 industries studied, the cost of the
arendment {s only 2bout 0.6 percent of current cash on hand. The table
also indicates that for those dindustries where data are available,
comptiance costs average only abeut 0.7 percent of the short«term debt, and
0.1 percent of the net working capital. Although some industry-to-industry '
variation exists, none of these ratios is above 2.66 percent. This clearly
demonstrates that the cost of compliance will be small relative to eagh
industry's ability to comply with the regulation. On this basis, the

racord indicates that the requlatory burden would not be an undue financial

hardship for @ach of these sectars.

Other Sectors
The 19 industrial sectors for which detailed feasibility data were

prasented tbove include almost all manufacturing and utility tindustries.
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Table 16

Compliance Cost as 2 Percent of SeTected Financial Indicators (1979)

Cost as a Cost as a

Cost as a Percent of Percant of
Percent of Short-Term Net Working

SIC Industry Cash on Hand Loans Capital

20 Foad 0.57 0.37 0.09

21 Tobacco 0.12 0.10 0.01

gf Iext;1es 2,40 2.32 0.23

eather * " "
;2 fﬂg;re]& o Q.58 0.34. 0,08
er o e

25 Furniture & Fixtures 2.66 NA NA

26 Paper 0.60 1.92 . Q.12

27 Printing & Publishing 1.04 2.61 0.26

28 Chenicals 0.33 0.68 0.04

29 Petroleun & Coal £.08 0.15 -0.03

30 Rubber & Plastics 0.99 0.65 0.11

32 Stone, Clay, Glass . 1.59 0.11

0.58
33 Primary Matals 1.04 1.13 0.14
34 Fabricatad Metals 0.99 1.04 0.15
35 Machinery, Except Electrical 0.62 0.57 0.08
36 Electrical Machinery 0.18 Q.36 0.03
37 Transportation Equipment 0.21 0.84 0.06

a9 Utilities 0. 96w NA NA
TOTAL 0.60 0. 70waan 0., 10wwar
Source: USHA, OFTIGe of Regulatory Analysis.  U.S. FEderal Tradeé Lommisaion,

Quarterly Finnnc1a1 negort, First Quarter 1980, pp. 18«53.

*FTC reports only aggregated data for the non-durables group which consists
of SIC's 23 and 3l.

**FTC reports 2ggragated data of $2,105 mi114ion for the Durables group
consisting of SIC's 24, 25, and 39. This value was allocated sccording to
IRS data indicating that si¢ 24 had 50 percent and SIC 25 about 16 percent of
the ®Cash* balancas reported by firms in these industries in 1975. See U.S.
Department of the Treasury, Internal Ravenue Service, Source Bogk,

Statisties of Income - 1975, Corporation Income Tax Refurns Iﬁnsﬁington,
0.C 19797, p. 52.

*xxaCash® a5 defined by the IRS for tax purposes, and thus not strictly
comparable to the FTC definition. See IRS, Ibid., p. 52.

#wiefxcludes SIC's 24, 25, and 49,
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These sectors were initially selected by BBN (see their "Econeomic Impact

Analysis of Proposed Noise Control Ragulation," Ex. 192 p. 2-1) because

. thay were helieved to be the areas under OSHA's jurisdiction which were

most 713kely to have occupational noise problems. However, industrial noise

may also be found in some service-oriented industries. Neverthelass, there
i no raason to believe that firms in other industries could not alse
provide adequate hearing conservation programs for the estimated average
cost of $53 per exposed worker. Therefare, there is no reason to expect
other major adverse economic¢ impacts.

In addit'ion. the ‘industries covered by O0SHA's vertical standards for
the maritime Industries may also be affected by this hearing conservation
anendment. These industries include shipbuilding, ship repair,
shipbreaking, and longshoring. Shipbuilding and ship repair are included
in SIC 37 (Transportatfon Equipment) for which cost estimates were
presented sbove. Shipbreamlng (or the d'[saésembly of ships) and
longshoring are 1included fn SIC 44 (Water Transportation} which was not
among i:he 19 two-digit SIC's studied by OSHA. According to the Bureau of
Labor Statistics, 1n 1979, there were 225,300 total employess in SIC 44w,
Using the $53 per worker cost, even ff all of these employees are exposed
to nofse levels >85 dB (TWA), the total cost of the hearing conservation
amencment for this industry would be $11.9 miltien. Since this amounts to
1ass than 0.2 percent of total business receipts and only 2.1 percent of

net incomer, it is clear that the hearing conservation amendment would

=S, Department of Labor, Bureau of Labor Statistics, Employmant and
Earnings, 27 (March 1980): 63. g

*xIn 1974, receipts for SIC 44 totalled $6,958,28%,000 while net income was
$570,287,000. See U.S. Department of the Treasury, Internal Revenue
Sarvica, Statisties of Income--1974, Corporation Income Tax Returns,

(Washington, U.L., 1978), p. ld.
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have a minor economic impact on this industry. Morecver, this estimated
cost and economic Impact are substantially overstated because the total
employment figure used includes white collar workers as well as those
production workers who are exposed to noise lavels belaw 85 dB (TWA).
Since, for the most part, the number of workers exposed to savere noise in
the nanmanufacturing sectors {s small compared to the number 1in heavy
manufacturing, it fs even Tess probable that compliance costs in these

industries would be the cause aof major aconomic disruption.

Small Businass .

OSHA has always attempted to minimize the regulatory burden on =mall
business & long as it would not jecpardize worker safety and health. To
conform with this_practice, as wall as to comply with the spirit of the
Reguiatory Flexibility Act, the Agency has made a concarted effort to
analyze the special problems that small business might face in complying
with this amendmant. {The requirement for a Regulatory Flexibility
Analysis applies aonly to proposed regulatfons issued after January 1, 1981,
not to final regulations {ssued after that date.) Where possible, the
proposed regulation was modified to ameliorate patential hardships. For
exanpie, the requirement for monitoring may affaect smaller businesses
disproportfonately because they will often rely on consultants, whereas it
is aasfer for larger firms to develop an in-house monitoring capability.
After analyzing the record, OSHA drafted the present provision to allow the
obligation to recur every other year in most situations, rather then at
least annually as was originally proposed. Also, the proposal required
that a worker repeat the audfometric exam 1f a significant threshold shift

was detected. The final amendment deletas this requirement for workers who
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were tested after 14.hours away from workplace noise. ATtl‘lD!:lgh it may not
be practicable for large firms tol schedyle morn'mg tests for all of their
exposed workers, small businesses should be able to take full advantage of
this exemption.

Despite these effarts, small business firms may find compliance more
of a burden than large firms. Table 10 in the Cost of Compliance sectian
Shows t_rlat there are only 1-19 employees in almost two-thirds of the
311,094 establishments in those {industries primarily affected by noise.
The table fimplies that a firm classified in this sfze group hires an
average of five production workers. Based on the BBN exposure data (see
Tabtle 11) an average of 34.4 percent, or only about 2 workers, would be
exposed to noise at or above 85 dé in these small establishments.

Small firms will often find ways to reduce monitoring costs by working
together to share equipment or by renting monitoring aquipment to measure
naise exposures. However, following the cost estimation procedures
developed above, +f thase firms do hire consultants ta satisfy their

monitoring re'quiremnts, the annual monitoring cost would average 35206 per

.firm. Using BLS data to calculate a weighted average hourly earnings of

$6.76 for producttion workers fn these fndustries, the estimatad cost of
sending two workers for audiometric tasting is 368 per year. Annual costs
for these small firms to provide training and hearing protectors come to
about $24 and $20 respectively, while costs for recordkeeping and the
posting of signs add $6.00 per firm, Thus, compliance costs for
estabTishments fn the smallest sfzea category may average about $324 per
year,

Costs of this magnitude are obvicusly significant to the smallest
firms. However, except for the most marginal of these establishments, they

are not likely to affact the economic viabiTity of an otherwise profitable
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operatian, Moreover, these costs may be substantially offset by the
potential financial benrefits of raduced worker absentasism and workplace
accidents. In addition, OSHA offers free onsite consultation in avery
state, funded under Sectfon 7 (c) (1) of the OSHA Act. This service is
delivered by State governments or privats sector contractors using trained
and qualified professional staff. To the extent that these rescurces
allow, OSHA will make a spacial effort to respond to requasts from

employers for professional advice and assistance. Also, OSHA is in the

- process of developing printed pamplets that will assist employers in

providing appropriate training to their workers. The availability of these
additional resources should significantly enhance the ability of small
business to cumply with the provisions of the hearing conservation

amendment. -
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VI. RESQURCE AVAILLABILITY

For the compliance activities of the hearing conservation’

amendment to be feasible, industry must have the specialized equipment
and personnel essential to an acceptable progran. As documented in the
following paragraphs, the noise record indicates that industry nesd not
develop new technologies to d{mplement hearing conservation programs
since the equipment required by the new rule 15 already being
manﬁfactured and 501d to industrial purchasers.

A substantive 1ssue that remains to be addressed, howaver, is the
general ucess1b111§y of the necessary human and material resources.
An assessment of the present availability of equipment and personnel
would be usaful but it would not provide a realistic indication of the
future availability of these rasources following the promulgation of
the amendment. In the absence of a detailed requirement for hearing
conseryation programs, many employers have not felt abligated to
protect workers from hearing loss. As a result, thera has been little
incentive for manufacturers to step up the production of zppropriate
equipment. Simﬂarly,' the nunber of properly trained hearing
professionals has been limited by the demand for their services. As
industry begins to implement the hearing conservation activities
mandated under this rule, it {is anticipated that the supply of these

resources would rapidly expand to satisfy the new reguiremants.

vI-1
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Monitoring
The feasibility of the menitoring provision, which requires the

determination of a representative noisa exposure for each worker
exposed to an 8 hour TWA of 85 dB or more, depends on the availability

of appropriate instrumentation for firms performing in-house monitoring

-or of qualified manitorfng consultants for firms that choose not to

abtain the necessary noise measuring equipment. Comments to the noise
record indicate that curreﬁtly at least 6,000 dosimeters are
manufactured each year (Ex. 319 A-l; Ex. 319 A-7; Ex. 319 A.12; Ex. 319
A-20; Ex, 319 A-69; Ex. 319 A.72).,  Although not all of thase
dosimeters meet the specifications of the final rule, some appear ;o
comp.'ly with the amendment by meeting the range and lower threshold
requirénents a5 we'l"l as the specifications of ANSI S1.25-1978 (Ex. 319
A=8; and OSHA telephone survéy to dosimeter manufacturers). Kamperman
{Ex. 321=-32) has taested one of these instruments and found that it
meets n test OSHA belfaves to be more rigorous than the one this
anendment requires. Other manufacturers should also have little
difffeulty building units that comply with the amendment as the
technolagy {s available %o both domestic and foreign firms. In
addftion, there are at least 5,300 sound level meters manufactured each
year that can be used to measure worker exposures (Ex. 319 A-1; Ex.
A=7; Ex. 319 A=12; Ex. 319 A-72).

The analysfs described in the Cost of Compliance section concludes
that only the larger 1industrial establishments are 1ikely to purchase
monitoring equipment. In tha 19 industrial sectors studied, there are
less than 34,000 establishments with over 100 employees (sae Table 10).
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It is not known how many of these firms already possess acceptable
monitoring instruments. However, the rates of production Tisted above
for units that will last a number of years imply that a substantial
amount of equipment is already availahle, Further, bacause many of the
smalier astablishments will opt to rent or share equipment, each
instrument will frequently be used by numerous employers.

The- significant increase in the demand for monitoring instruments
which will follow the implementation of the hearing conservation
prograns will provide a sharp stimulus to their production. Of the 12
companies currently manufacturing d-os1meters. only 2 manufactured
acaustical measurement equipment prfor to the passage of the 1969 noise
standard, Since that time, the remaining companifes either expanded
their product 1lines to include sound lesvel meters and dosimeters or
wera established in rcsp.unse to the anticipated demand for noise
measurement equipment. In similar fashion, existing manufacturers and
new firms will be able to supply dosimetsrs and sound level meters to
meet the new demand. To provide adequate time for this increased scale
of production, 0SHA 1s allowing a 2-year period before the more
stringent specification requirements for dosimeters become effect {ve.

In addition, the widespread occurrence of industrial noise has
fostared the establishment of numerous acoustical consulting firms that
will be avaiTable to accommodate those employers who choose to rely on
specialized acoustical technicians to measure worker exposures (Ex. 319
B-8; Ex. 319 B-9; Ex. 319 B-11; Ex. 319 B-15). Audiometric testing

vi-3



firms &lso frequently offer monitoring services (Ex. 319 B-9; E£x. 319
B-12; Ex. 305; £x. 321.7). This approach is acceptable as long as
employars ensure that the consultants use qualified personnal and
appropriate equipment and that they follow the Eequ1rements of the
anendment.  Each consulting firm can provide monitoring services to
numerous fndustrial clients as the surveys do not always require a
substantfal degree of technical expertise (especially whera dosimeters
are used), and the smaller astablishments can be surveyed in no more
than one day {see Table 8). Although the record does not indicate the
nunber of consulting firms that currently have the capability to
conduct noise measurement surveys, the capacity of such firms would be
axpacted to expand accordingly if the current supply of thase servicas

proves tn be insufficient.

Audiomstric Testing
"The data developed in the cost of compliance section indicate that

there will be about 5,126,000 workers fn audiometric testing programs.
The amendment requires that an otolaryngologist, 2an audiologist, or in
their absence, a qualified physician oversee aeach progran.  In
addition, the audiometric examination must be administerad by one of
thesa professionals or a certified technictan trained in 2 coursa that
contafns material equivalent to that a@prnved by the Council for
Accraditation in Qccupatibonal Hearing Conservation, or The Guidel.fnes
of the Inter-Sociaty Cammittes on Audiometric Technician Training.

In 1975, the American Speech and Hearing Assoctation (ASHA)
raported that course work In industria! hearing conservation was
offered by ‘100 university and college programs. The ASHA estimated
that there were 3,500 audiologists at that time and that this number
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would probably double 1{in the next five years. (Ex. 15-30, p. 4).
Indeed, by 1980, the American Speech-Language-Hearing Association
(ASLHA) reported that there were currently 6,052 audiologists who are
members of ASLMA, another 2,000 who are licensed, and an additional
1,600 students who were about to receive masters' or doctoral degrees
{Ex. 319 B-7). Thus, within the near future, there will be about 9,652
audiologists who can supervise audiometric programs. Although it is
unlikely since many firms will have a medical doctor to oversee the
pragram,, 1f only these audiclogists supervised audiometric testing for
all 5,126,000 workers, they would see an average of 531 workars sach.
The number of workers tested per audiologist, therefore, is sbout 2 per
day, which {s clearly a manageable task.

In additfon to audiologists, otolaryngologists and other qualified
physicians can oversee audfometric testing programs. The American
Council of Otolaryngology (ACO)} estimated that there were almost 5,000
practicing r;toTaryngolagists in 1973 (Ex. 321-5, p. 17). According to
the ACO, by 1985 there will be 'a surplus of 253 oto_l aryngologists (Ex.
321.5, p. 94). Moraover, in 1977 there were 382,000 professionally
active M.D.'s in the U.S, (Statistical Abstract of the U.S., 1979, p.
106), and a major study recently submitted to the U.S. Oepartment of
Health and Human Services concludes that the U.S. will have an
oversupply of 70,000 physicians by 1990 (Report of the Graduate Medical
Education National Advisory Committee, Vol, I, GMENAC Summary Report,
Sept. 1980, p. 3).

Currently, the Council for Accreditat{fon in Occupational Hearing

Consarvation (CAOHMC) indicates that they have certified about 6,700
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audiometric technicians {Ex. 319 B-4), and there are about 700 course
directors approved by the CAQHC to provide training for 20«30
technicians per cnurse.' If each course director teaches only one
course per year to 20 peaple, this represents an additional 14,000
technicians. Thus, within 2 year, about 21,000 technicians could he
available to perform audiometric tests, which averages to about one

technician per 244 workars. However, many technicians have received

‘training and certification by institutions and profassionals other than

the CAOHC, and audiolagists and physicians other than those certified
as 1instructors by the CAQHC will be able to train additional
tochnicians, Thus, the supply of tachnicians 1s Tikely to be aven
Iargef than the 21,000 estimated here. '

As explatned in the previous section on the cost of complf anc::,
about 829,000 workers will receive audfometric tests 5uper_vised by
physicians or audiologists at clinics and 1in private practices. The
253 excess otolaryngologists that the ACO predicted to be available in
1985, alone, could provide 1,170,000 office visits (Ex. 321-5, p. 94).
Thus, there 15 no indication that the fotﬂ supply af
otolaryngolegists, audiologists, and physicians could not meet this
demand.

About 1,447,000 workers were estimated to receivel audfometric
tests from mobile vans which can travel to virtually any plant

facility, At a testing rate of 48 persans per day .(Ex. 319 B-§

.Suggests 56 per B«hour day}, the workers could be tasted in 180 days by

167 mebile vans. The usa of these vans is already a common practice

for many hearing conservation firms. Although the number of vans

presently equipped to provide audiometric seryices was not submitted
VIsb
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to the record, it is reasonzble to expect that the ex{sting audiometric
firms, along with new firms entering the market will be able to supply
these mobtle sarvices. '

Approximately 2,850,000 workers were estimated to have their
hearing tested at in<house programs in 13,285 of the largest industrial
astablishments. Many of these firms already offer audiometric tasts to
their employees. Moreover, additional audiometric technicians can be
readily trained by sending employees at each fac{T{ty to an 2ppropriate
institution for training. Thus, it is unlikely that these large firms
will have difficuity finding appropriately qualified personnel.

In genaral, the trained personnel are widely disseminated
throughout the nation. For example, there are about 2.1
atolaryngologists per 100,000 people in the U.S., with a range from 1.7
in the east scuth central region to 2.5 in the pacific reqgfon (Ex.
321.5, p. 21). By fed'eral gaographical region, the distribution of
dudiologists 1isted on the ASLHA mailing list ranges from 285 ASLHA

' audiologists 1in Region 8 to 1,186 ASLHA audiologists in Region 5.

Nevertheless, one objection raised against audiometric testing was that
some commercial activities, such as logging operations, would not be
sccessible to qualified personnel (Ex. 14-264; Ex. 14-250). However,
0SHA balieves the record shows that in almost all cases, the widespread
availability of professional and technical personnel supplying mebile
audiometrie services should be adequate for even ocutiying industrial
sites.

The major equipment required to perforwm audiometric examfnations
are audiometers and audiometric test booths. Based on 2,000 hours of

use per year and a 10-minute examination period, each audiomatar can
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patentially be used to provide 12,000 tests. If the audiometers are
aperar:ed at only half this rate, it would take about 1,000 audiometers
to test 5,126,000 workers. The current production of this equipment,
each unit of which is expected to operate for about 10 years, is at
least 5000 per year. (Ex. 319 A-51; Ex, 319 A-60; Ex. 313 AeGd;
Ex. 319 A-87). Moreover, all of the manufacturers who commented
Indicated that they could meet an increased demand, and it is likely
that most of the existing audiometers currently used by industry are
acceptable undar the amendment.

Thera are t‘h,ree major manufacturers of audiometric test booths in
the U.5. Although there 1is no information in the record about the
nunber of units produced each year, manufacturgrs could increase their
production fairly rapidly by' adding second and third shifts 1if the
current supply proves to be inadequate to meet an increased demand. In
addition, other firms could expand into this area. However, some users
of audiometric test booths may have difficulty complying with the
maximum octave band ;'ound pressure levels allowed in the booth during
audiometric testing. This may be particularly difficult in the 500
Hz octave band. In an effort to alleviate this difficulty, OSHA has
chosen to use 27 dB as the maximum sound pressure level in the 500 Hz
octave band rather than the more stringent level of 21.5 dB specified
in the ANSI S3.1-1977 standard. Although there f1s evidence ‘on the
record that the levels specified by ANSI $3,1-1977, with the adjustment
at 500 Hz, can be met during industrial audiometry (Ex. 266A, p. 73;
Ex. 295), some users may have to relocate their baoths to a gquieter
location in order to comply with this provision. Since only the

largest industrial aestablishments will develop in-house audiometric
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facilities, dquieter enclosed areas should be generally available.

Nevertheless, barrier walls could be constructed or double-walled
booths purchased where 2a problem persists. Since this part of the

requirement does not become effective until 2 years after the effective

date of the amendment, most users should have sufficient time to make

the necessary adjustments.

Gther Pravisians

The resources required to comply with the use of hearing
protecﬁars. training, the posting of warning signs, and the keeping of
racords will not be difficult for companies to find. The general
availabil{ity of hearing protectors 15 emply demonsirated by the list of
175 models of hearing protectors from 46 different manufacturers or
suppliers published by NIOSH in 1975 (Ex. 321-14A). Training
materials, warning signs, and record forms also can he readily

purchased from many safety supply houses,
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VII. REGULATORY ALTERNATIVES

The 1974 QSHA noise proposal retained the current permissible
exposure level {PEL) requiring employars to 1imit time-weightad average
(TWA) exposures to 90 dB by engineering or administrative controls,
where feasibie. The proposal also mandated varfous requirements for
monitoring, hearing protector use, and audiometric testing for workers
exposed to noise levels >85 dB (TWA), Comments on this proposal were
solicited, informal hearings were held, and a formidable record was
compiled. Many of the regulatory actions suggested by the participants
to these proceedings can be classified as.follows:

1. Revise the PEL for noise,
2. Initiata a hearing conservation program where nofse exposuras
exceed a TWA of 85 d8 as suggested in the proposal,
3. Initiate a hearing conservation program at either higher or
tower exposure levels than 85 dB, and
4. Revise the monitoring and audiometric testing provisions.
This section discusses some of these alternativas and ‘summarizes the

basis for QSHA's final detarmination of these fssues.

Revised Permissible Exposure Level
A number of commentators stated that 0SHA should lawer the PEL

from the current 90 dB Tlevel to an 85 dB level achieved through

engineering controls. However, many others asserted that the noise

record 15 not adequate to address all of the feasibflity problems that

would be created by requiring additional engineering controls to
V111



achieve an 85 dB PEL for occupational noise. OSHA concurs with the
statements that these {ssues are 1important and that thare are many
unanswered questions regarding the feasibility of engineering cantrols
in specific industrial settings. Therafore, although the Agency fs
committed to continue efforts to resolve these feasibility {ssues, the
final promulgation of a new comprehensive standard .must await the
collection and analysis of substantial new data.

Notwithstanding the lack of adequate data an the feasibility of
using engineering contrals to reach 85 dB levels, the noise record does
contain conclusive evidence that current noise levels are damaging the
hearing abflity of a sizable fraction of the worker population. Thus,
0SHA 1s convinced that unt{] the engineering feasibility record can be
augmented, tha anly regulatory approsch capable of reducing the extant
and severity of occupatfonally 1induced hearing Impairment is a

requirement for effective hearing conservation programs.

Final Hearing Conservation Amendment

A hearing conservation amendment covering workers eéxpased to a TWA
af at least 85 dB was the option ultimately selected by the Agency.

In the absence of hearing conservation progr;ms. data presented in the

.Beneffts saction Indicate that over one million people would suffer

material impairment of hearing caused by occupational nofse. It was

estimated that implementation of hearing consaervation programs wouid

pravent at least 212,000 individuals from suffering material impairment

of hearing in the 10th year; 477,000 fn the 20th year; 696,000 fn the

30th year; 799,000 in the 40th year; and 898,000 1n an equilibrium
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year. Moreover, by the 70th year, 412,000 pecple would be pravented
from crossing the 40 dB fence, which indicates a more severs
impairmant.

A number of comments to the record assert that OSHA must
demonstrate that benefits compare favorably to compliance costs before
promulgating a standard (Ex. 261A, p. 39; Ex. 27, p. 476; Ex. 208).
However, for the most part, thes@ submissions do not imply that the
benefits must be expressed in dollar terms. Because the loss of
hearing generally impades personal relationships more than market
transactions, QSHA has datermined that the major benefit of the hearing
conservatfon anendmant cannot bs valued in monstary equivalents despite
the willingness-to-pay approach devetoped in the economics iiterature.
QSHA, therefore, raelias upon the total benefits, not Just the
monetizable benefits of hearing canservation progrums' to justify this
smendment .

The Council on Wage and Price Stability (COWPS) did not assert
that the total benefits of a noise regulation should be éssigned dollar
values, but suggested that astimates of the cost per impairment
prevented be wused as a measure of the standard's relative
cost-effectivenass (Ex. 208, p. 14). ODividing the $269.9 million total
annual cost for hearing conservation programs by the 898,000 material
impajrmants prevented at equflibrium gives $301 as the annual cost per
impairment prevented in an equilibrium year. Hawever, this value may
not be a clear indicator of the cost-effectiveness of the requirements
because the annual compliance cost is dncurred from the first year
following implementation, whereas the equilibrium number of material
impairments preventad does not occur for up to 70 years. This problem
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cannct be resolved by comparing an estimate of the sum of the annual
compliance costs to the equilibrium number of impairments prevented
because many of the individuals prevented from suffering hearing dzmage
befora the completion of the 70-year period will naot be alive aftar 70
years. Thase interim benefits are neglected when counting the nunber
of material {mpairments prevented at an equiliber{ium year.

The preceding paragraph ralates to the cost-affectiveness of aTll
hearing conservation programs. However, in accordance with the
exfsting OSHA nofse ragulation, some industrial workers alraady use
hearing protectors, and will achieve some hesring conservation benefits
even without the implementation af this new amendment. If as dfscussed
in the Benefits section, 20 percent of the workers exposed to 290 dB
ara alpsady recaiving 10 dB of attenuation from hearing protectors, the
existing programs would prevent about 120,000 material impairments of
hearing by an equilibrium year. Since the programs thai: will be in
effect following the implementation of this amendment are expectad to
praevent a total of 898,000 material fmpairments, the additional 778,000
prevented {mpafrments will be directly attridbutable to the new
regulatfon. Oividing these azdditional benefits by the $254.3 mi)1fan
annual cost of the new compliance activities {See Table 7) ylelds $327
as the annual cost per new fmpairment pravented in an equilibrium year.
This 1% not substantially different from the $301 annual cost per
impairment prevented for all hearing conservation programs.

An alternative methodology, described in the Benefits section and
Appendix A, tracks the 1interim flow of benefits by calculating the
number of person-years of materfal impafrment. This approach provides
a cumulative measure of the person-years of Impairment that are
expected to be prevented over a desfgnated time period. The
person-years of materfial impairment prevented that are attributable
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to hearing consarvation requirements were astimated tﬁ rise from
s1ightly over 1 million after 10 years to more than 43 million after 70
years. This measure avoids the problem of overlocking the interim
benefits but does not account for current patterns of hearing protector
use. In addition, because the benefits do not occur for a period of
years, it does not totally resolve the problem of relating them to a
stream of annual compliance costs.

The record provides conflicting views with respect to tha carrect
treatment of costs and benefits when they are distributed over time.
Sumiing the annual costs over the relevant number of years is not
valid, because irrespective of inflation, a doliar spent in the future
is not equivalent to a dollar spent today. Interest can he earned
during the period that the payments are detayed, making -1t lass
burdensomea for aither an individual or a society to spend a dollar in
the future than in the prasant., The appropriate method to evaluate the
sun of the annual hearing conservation costs is te caleulate the
prasant value of the cost stream. This requires qisenuntmg the future
payments by the market rate of interest before totalling the stream of
costs. In order to standardize these calculations, the Office of
Management and Budgat (OMB} has suggested that agencies use a 10
percant interest rate (OMB Circular No. A-94).

On the benefits side, however, it is not c¢lear that the prevention
of future hearing loss should be considered less valuable than the
pravention of current years of impairment. In their study, CPA choose
not to discount benefits and pointed out that:
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Discounting non-monetary benefits {s a backhanded
way of attaching monetary characteristies to
non-monegtary goods. Implicit in discounting {15 the
notion that the goods at any one time can be traded
off for equivalent goods at another time. In
reality few markets exfst for this dirasct trade.

(Ex. 323, p. 5-45.)

A COWPS official expressed an opposing op'l'n-fon by suggesting to CPA
that thera was a “fundamental fallacy in your methodology for
discounting Eosts 45.years in the future but counting...a year of
hearing loss 45 years from now,,.the same as a hearing Toss of
today..." (Morrall, Tr. p. 2198-9).

After cansidering these viewpoints, OSHA has made a palicy
dacisior that it would be misleading to apply an, arbitrary discount

" pate where the market does not reveal the appropriate discount for

these dalayed bel.teffts. Although OSHA agrees that the economic value
of future productfon Toss is properly subject to a market rate of
discount, this logic does not necessarily apply to the pain and
suffering that accompanies the non-economic component of a state of
irraversibly impaired health. The record provides no evidence to
suggest that a year of hearing impairment suffered 20, 30, 40 or aven
70 years in the future would be more acceptable than current
afflictions. In fact, the traditional time preference for current over
deferred consumption may not 2pply In this case because a future year
of hearing impatrment 4s more likely to occur when the individual's

other sensory faculties are in decline, further enhancing the need for
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acute hearing perception. Indeed, If offered the choice between a .
present or a future year of hearing impairment, it might not be
unreasonable far workers to forgo a current year of normal hearing in
favor of adequate hearing in a later year. Thus, QSHA firmly balieves
that a long-term perspective is required to protect the health of
workers over their lifetimes.

On the other hand, OSHA understands that there are methodological
problems created by discounting costs but not benefits. ~For example,
the total of the discounted costs will ultimataly stabilize, but the
persen-years of impairment prevented will continue to ¢limb as the time
period chosen for analysis lengthens, allowing the jJustification of
almost any program when considered over a sufficiently long timespan.
Howaver, because the time pattern of benefits from the alternative
regulatfons is similar, a descriptive presentat1oh of the relationship
betwean the discounted costs and the he;}1ng loss prevented over time
can provide some insight {nto the relative effectiveness of alternative
regulatfons. One such 1llustration would result from dividing the
present value of the annual cost stream by the estimated person-years
of impairment prevented over various time pericds. The resulting trend
in the present value of the cost per person=-yeaar of impairment
prevented by hearing conservation programs, as displayed in Figure 5,
declines sharply from $1,565 aftar the l0th year to $510 by the 20th
year, to $245 by the 30th year, to $148 by the 40th year, and to $62 by
the 70th year. Simply sutming the costs without discounting ylelds a
cost per person-year of impairment prevented of $605 by the 40th ysar

and 3436 by the 70th year.
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There is no preconceived rule that will unequivocally justify or
reject a decision to 2allocate an increased portfon of seciety's
resources to the reduction of future casas of hearing impairment,
Howevaer, the pain, discomfort and social disability accompanying 'lost
hearing at any stage of life are clearly substantial relative to thase
costs when viewed'aver‘ a time horizen long enocugh to allow the
manifestatfon of the program's results. O0SHA, therefore, 5 convinced
that the hmendment's_contr'lbut'lon to an improved quality of Tife for
hundreds of thousands of workers and their friends and families more
than balancas the estimated cost of the amendment. Moreover, this
conclusion 1s only strengthened to the extent that extra-auditary

health effects increase the meaasured benefits, and that fewer accidents

and reduced absenteeism and medical payments decrease the cost burden,

as suggested by the evidence cited in the Benefits section above.

Alternative Initiation Levels

Numerous comments to the record zddressed the appropriate noise
exposure level at which to initiate hearing conservation programs.
Although many commentators agreed that 85 dB was a proper lavel, othars
asserted that 90 d8 would be sufficient, and at least one participant
stated that 75 dB should be the long-range goal (See Ex. 5, p. 43802).
The scientific avidence presented to Justify these alternatives
primarily relate to the risk of hearing loss at various levels of noise
exposure. As explained in the Health Effects section, OSHA belleves
that the results of this resaarch are best represaented by Johnson's
synthesis of the Passchier<Vermeer, and Burns and Robinson studies
(Ex. 310) which shaw that significant levels of risk appear at
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noise exposures wall below 90 dB.

Johnson's data indicate that for the more sensitive 10th
percentile of workers exposed over a working lifetime, the amount of
noise induced permanent threshold shift (NIPTS} for the frequencias
1000, 2000, and 3000 Hz is 1l.1 dB for workers exposed to 90 dB, 4.7 dB
for work‘er.'s exposed to 85 dB, and only 1.8 d8 for workers exposed to 80
dB (see Table A-7 in Appendix A), Moreover, a risk matrix based an
these data, and reproduced fn Tahle A.10 of Appendix A, implies that
the probabflity of crossing a 25 dB fence solely dug to a 4Q-year
expasure to cccupational noise of 90-95 dB is 25 percent for males and
28 percent for females (deduct risk of >80 dB exposures). For noise
axposures between 85 and 90 dB, this probability remains a relatively
high 11 percent 4nd 14 percent for males and females, respectively.
However, for exposures of B0-85 dB8, the probability of crossing this
fence because of work-related noise falls to 5 percent for males and 6
percent for females.

To 11lustrate further how the 85 dB amendment compares to varigus
alternatives, OSHA has used these risk matrices to e_stimate the number
of individuals who would suffer hearing impairment f‘o'now'ing a
raduction in the amendment's coverage to 90 d8 or an expansion in scope

to 80 dB. The procedures for these calculations are based on the

methodalogy outlined in the Benefits section and in Appendix A.

Table 17 presents the number of persons at the equilibrium time
perfod who would have hearing threshold Tevels >15 dB, 25 dB, and 40 dB
for the alternative regulations, Thus.. without the use of hearing
protactors, 1,624,000 individuals would be across a 15 dd fence;
1,060,000 would be across a 25 dB fence; and 473,000 would be across a
40 d8 fence. This is 9.2 percent, 6.0 percent, and 2.7 percent,
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Table

17

Persons with Occupational Hearing Impairment at Equilibrium
{1000, 2000, 3000 Hz)

15 dB Fence 25 dB Fence 40 dB Fence
Regulatory
Alternatives Number  Percant* Number Percent* Number Percent*
No Hearin
Conservation
Program 1,624,000 9.2 1,060,000 6.0 473,000 2.7
90 dB 675,000 3.8 351,000 2.0 136,000 0.8
85 d8 321,000 1.8 162,000 0.9 59,000 0.3
80 dB 125,000 0.7 63,000 0.4 23,000 0.1

-

Source: 0SHA, Office of Ragulatory Analysis.
percentage of the number of persons in the

* Number of Impairments as
popuiation studied (17,538.000)
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respectively, of the - population studied. Instituting hearing

" conservation programs at 90 dB reduces these impairments by only 58-71

percent, whereas hearing conservation at 85 dB decreases the number of
impairments by B80-88 percent, and the 80 dB alternative by
92-95 percent.

Table 18 displays estimates of the annual costs and the number of
hearing impafrments expected to be avoided by hearing conservation
prograns inftfated at 90, 85, and 80 dB. \Using the same methodology
that was used to develop the cost estimates for the 85 d8 amendment,
but disregarding current compliance efforts, the annual costs for the
90, 85 and 80 dB alternatives were calculated as $179.3, $269.9 and
$373.8 million respectively. The table shows the number of hearing
impairments that would be prevented at equilibrium and at 4 interim
years for the 25 d8 fence, and at equilibrium for the 15 and 40 dB
fences. Figure & {1lustrates the time path of these benefits as
caleulated for the 25 df fence.

A numbar of different f:echn'lques have been déveloped by social
scfentfsts to assure a ratfonal selection among alternative public
palicy actfons. One such technique recommanded by COWPS suggests that:

The first step in the analysis is to eliminate the
aptions that are .not cost-effective relative to
some other option. To determine which are not
cost-affactive, the marginal (additional) cost per
additional worker protacted with each increasingly
stringent "standard must be calculated. Whenaver
marginal costs decline (f.e., it costs less to
protect one more worker than to protect the
previous warker), one should reject the weaker

standard in favor of the standard offering more
protaction. (Ex. 208, p. 14.)
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Tabls 18

Annual Coopliance Coats and Impsirmants Pravanted wy Ragulatory Altsrnstiva

Annual Ispatrmanta Pravanted
Ragulatoxy Costs ‘28 48 Pana 15 Ab P 40 AR Fanos
Alternative {§ Hllliens) i0th yaar T0th yaar  JOth yaar  4OEh yaar  Equlilbrium - Equitibrioa
5 90 ap 179.3 174,000 377,000 833,000 632,000 703,000 940,000 ‘ 337,000
g
.'_ 03 db 269.9 11,000 47,000 496,000 793,600 890,000 1,303,000 412,000
w

b0 ab 370 235,000 548,000 795,000 097,000 997,000 1,499,000 - 450,000

dourge: O8iHh, Office of Regulatory Analysis.



Inpairaznts Prevented

1,000,000
800,000

| G0, 000
400,000

20,000

80 4B

10 20

30 40 50 5b 70
Yoats -

Figure 6

Material Impafrments ¢f Hearing Pravented
by Hearfng Conservation Programs

v11-14

:"u




D el T ———

LI L e e

i s

Howaver, aven assuming an adequate demand for the requlation, this
approach is usaful only where the added cost of protecting additionmal
workers declines. Whare marginal costs risa, making 1t more expensive
to prevent an additional material impairment than a previous material
impafement, the COWPS suggestion will not help to fdentify the proper
scope for the regulation. (Tradiﬂonil economic theory implies that a
schedule showing rising marginal costs per fmpaimen;t prevented also
indicatas the number of impairments that employers would be willing to
pravent {f they were reimbursed by varying anounts.. Thus, it is a form
of "supply curve* for regulation. However, the corresponding "demand
curve" cannot be constructed because the predominant ﬁnrﬂon of .the
benafits cannot be monetized. Therefore, 2 socially efficient level of
regulation cannot be specified.)

To demonstrate that the cost of preventing an additional materdfal
impairment does, in fact, rise as the coverage of this regulation
axpands, the additional costs and the additienal material impairments

" that would he prevented by implementing the successively more inclusive

altarnatives are presented in Table 19. Since the baseline for this
analysis 1s no hearing conservation program, the numbers in the 90 d8
row are unchanged from Table 18. The 85 and 80 dB entries in Table 19
wera calculated by taking the difference betwean the 885 and 90 dB rows,
and the 80 and 85 dB rows, respectively, from Table 18. Table 19
indicates, for exanple, that the 85 dB amendment would cost $90.6
millien a yasar more than the 90 dB alternative, but would prevent

38,000 more material impairments by the 10th year aftar promulgation of

the amendment.
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‘Table 18

Additionsl Annual Coeplianos Costs and Miditlonal Twpeirments Pravantsd for duccsssivaly
Hore Inolusive Megulatory Altsrnatives

Mditional
Annual Mditional Impairments Fraventad
Hegulatory

Coaks 28 48 Papo 1% 40 ¥a 40 AB Papga
Altecnative 12 nilllons) Toch yaar 40th year 30th year 40th ysar Bquitibrium gequilibrioe

90 an 179.3 174,000 177,000 253,000 632,000 709,000 949,000 337,000
U3 4B 20,6 18,000 100,000 143,000 167,000 189,000 134,000 75,000
80 48 103.4 21,0600 71,000 9,000 90,000 99,000 196,060 30,000

foureay Durived from Table 10,
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However, to assess the relationship between these alternatives
according to the COWPS methodology, the incremental banefits of each
alternative must be expressad in termms of the additional costs they
would imposa. Unfortunately, the cost differentials that were
estimated for these alternatives are somewhat biased because of the
unrealistic assumption that all establishments in the 1industries
studied w_ﬂ'! have at least some workers in the hearing conservation
program. This assumptfan not only overstates the monitoring costs of
the final rule, but also necessarily understatas the cost
differentials among the alternative standards. In practice, more firms
would be impacted by the 80 dB alternatfve than by the 85 dB standard
which in turn would affect more firms than the 90 dB alternativa.

_Thus, the magnitude of the overstatement of the costs falls as the

coverage of the standard 1s expanded, causing the more inclusive
alternatives to appear relatively more coste-effective than fs
warranted.

NotMthstahdmg the shortcomfngs of these data and the conceptual
difficulty involved in relating annual costs to impairments prevented
at & future time period, Table zo'dis;ﬂ ays the resylting estimates of
both the avarage annual cost per materfal impairment prevented at
equilibriun, and the additianal annual _cost per material {mpairment
pravented at equilibriun by the successively more inclusive standards.
The table graphicé'lly i1lustrates the rise in the additional cost per
matertal impairment prevented as the standard increases its coverage.
Moreovar, this upward trend remains for calculations based on the
prasant value of the ccsf.s per person-year of impairment, or for other
time periods or fences; and occurs despite the bias in the cost data
which tends to favor the more inclusive standards. Thus, the COWPS
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suggested criterion for selecting the cost-affective alternative, which
is dependent upon finding 2 regulatory alternative with declining

marginal costs, is not a relevant consideration in this instance.

Table 20
Average and Additional Cost per Material
Impairment Prevented at Equilibrium
(25 dB Fence) .

Average Annual Cost ' Additianal Annual
Regulatory per Impairment . Cost per Impairment
Alternative Prevented Pravented
90 d8 5253 $§ 233
45 d8 o 479
80 dB ars . 1,040

Source: OSHA, Office of Regulatory Analysis.

These data do, hov_:ever, indicate the differential effects 11kely to
follow the promulgation of the alternative regulai:inns. Moreover, they
show that aven 1f 0SHA were to enforce diligently the hearing
conservation portions of the existing nofse regulation the new
smeandment would bring substantial additional benefits, For example,
Table 18 showaed that a ragulation limited to workers exposed to a THA
of 90 dB or above would prevent a large number of matarial impafrments
of hearing., -8By the equilibrium year, this alternative would achieve 79
percent o;' the {impairments prevented by the 85 dB amendment.
Although this percentage 1§ significant, Table 19 indicates that after
10 yaars, we would expect to find 38,000 more individuals exceeding a
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25 dB fance with the 90 dB aiternative than with the 85 dB final
amendment. These addftional impairments rise to 100,000 after 20 years

-and 143,000 after 30 years., At an equilibrium yaar, there would be an

additional 189,000 people materfally impaired, 75,000 of whom would
suffer the more serfous hearing loss measured by the 40 dB8 fence.
Furthermore, Table 19 indicates that to prevent these additional
impairments by extanding coverage to workers exposed to a TWA of 85 dB
would cost $90.6 miTlion a year more than the 90 dB alternative. This
arounts to an average cost of only about $41 for each of the 2.2
mil14on workers exposed to nofse of between 85 and 90 dB. Although
Table 20 shows that the 85 dB amendment costs more per material
impafrment aveided than the 90 d8 alternative, the additional costs do
not appear excessive in terms of the hardship they would prevent.

An aiternative presentation of these data consists of calculating
the number of person=years of material impairment prevented using the
proceduras described 1n  Appendix A. ‘Tames 21 and 22 show the
cumulative and additional cumulative personsyears of material
jmpairmant prevented for durations of 10, 20, 30, 40, and 70 years
following the implemantation of hearing conservation programs at the
alternative initiatfon levels. For instance, Tabie 21 notes that
during the first 20 years after init{iation, programs covering 90 dB
exposuras would prevent 3,625,000 person-years of material dJmpairment
and prograns covering 85 dB exposures would prevent 4,505,000 such
years. Table 22 disptays the increments, showing that hearing
conservation programs initiated at B85 dB would prevent 880,000 more
parsonayears of material impairment than programs inftiated at 90 dB
over the 20-year period. Over the next 70 years, almost 9 millfon
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Table 21

Cunulative Person-Years of Material Impairment Prevented
' {25 dB Fence) (millicns)

Years

Regulatory '

Alternative 10 20 30 40 70
90 dB 87 3.625 8.275 14.20 34.315
85 dB 1.06 4.508 10.37 17.845 43.30
80 ds 1.175 5.09 11.805 20.265 48.675

Source: OSHA, Off{ice of Regqulatory Analysis.

Table 22

Additienal Cumulative Person-Yaars of Material Impairment Prevented
{25 dB Fence) (millions)

Years
Regulatory
Alternative 10 20 30 40 70
90 d8 A7 3.625 8.275 14,20 34,315
85 d8 .19 .880 2.095 3.5645 8.985
80 dB 115 .585 1.435 2.420  5.375

Source: O0SHA, Offige of Regulatory Analysis.
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additional person=years of material impairment would be avoided by
implementing the 85 d4B zmendment as opposed to the 90 dB alternativae.
The prasent value of the added cost per person-year of material
impairment avoided by initiating the program at 35 dB rather than at 90
d8 can be calculated by dividing the present value of the strean of
additfonal annual costs (590.6 million per year) by the additional
impairmants pravented. The resulting estimates range from $2,932 after
10 years, to $408 after 30 years, to 5101 after 70 years. Once again,
OSHA belteves that thesa complfance costs are below the value that
society placas upon the persanal cost of hearing impairment.

The data alse signify some risk of hearing impairment to workers
exposed at nofse lavels below a THA of 85 dB. Table 19 shows that a
mora extensive h'aar‘lnq conservation progran covering workaers exposed to
as Tow as 80 dB would prevent almost 100,000 additional material
fmpairments at equilibrium. Howaver, at this time OSHA has decided not
to require the fimpilementation of hearing conservatjon prograns for
warkers exposed below a TWA of 85 dB. White inftiation of a hedring
conservation program at such exposure levels would undoubtedly be te
the advantage of many workers, such a decision would require the
coverage of almost three milljon additional workers in thousands ‘;f
workplaces, Including these additional workers would intensify the:
increased demand expected for dosimeters, sound Tlevel meters,
audiometric test booths, mobile van audiometric test units and
audiologists, otalyrngologists and cert{fied audiometric technicians.
Information and data in the record clearly indicate the avaflability of
these resources to meet 2 standard implementing the hearing conserva-
tion program at 85 dB. However, i1f all workers exposed to noise above
a TWA of 80 dB were covered, further information would be needed to
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assure that the increased demgnd ganerated by covering so many more
workers would not tax these resources to the point that it might be
difficult for employers to comply by the effective date of the various
sections of the standard. The Agency may gather new information on the
feasibi1ity of implementing the program belew a TWA of 85 dB when the
other dssues remaining 1in-: this rulemaking proceeding, such as the
appropriate permissible exposure level and method of compliance, are
resolved. Howaver, OSHA remains concerned about the risks from
these lower noise lavels and will continue to study the implicatfons of
these expasuras while concurrently urging employers to include these

workers in hearing conservation programs.

Alternative Monitoring, Training, and Audiometric Tastina Provisions

Many groups suggestad modifications to the monitoring, and
audiometric testing requirements listed in the 1974 proposal. It would
be informative to have numerical estimates &f the distinct benefits

,assocfated with each of these provisions and the suggested

alternatives. However, OSHA found that it was not possible to- make
quantifiable astimates of the benefits attributable to the individual
provisions of the final amendment because each requiremant was
developed as an integral component of a comprehensive program. Most’
industrial noise experts agree that workers will not use ear protectors
aften or apprapriately unless their cooperation has been gained 25 a
result of educatfonal activities. Thus, monitoring, training and
audfometric testing do not provide benefits in and of themselves, bu-t
enly as they suppart and enhance other aspects of the program by
hefghtening the awareness and motivation of employees and employers.
In the absaence of carefully designed experimental studies, OQSHA
believes that precise numerical estimates of thesa individual effects
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would be highly speculative. Nevertheless, the final form of each
provision was based on expert testimony in the record regarding thase
hearing conservation practices that are generally considered necessary
to safeguard worker hearing during exposure to highllevels of noise.

In addition, the economic consequences of these provisions ware
co'ns1dered in order to assure the selection of the least burdensome
alternative that would st{1] provide adequate worker protection. The
annual cost per worker included in hearing conservatfon programs 1s
estimated at about $15 for monitoring, $18 for audiometric testing, and
$8 for t';raining. 0SHA believes that the importance of the information
these activities provide to the workers at risk of hearing impairment

substantially exceed these values.

Lonclusion
The data presented above demonstrate that 0SHA has thoroughly

considered and documented the need for regulatory actfon, assessed tha
economic consequences of the amendment, and evaluated the implications
of selecting altarnative regulatory programs. It was estimated that in
the absence of hearing conservation programs, over one million
individuals would suffer mater{ial impairment of hearing (across a 25 48
fence) becausa of Jjob-related nofse. Existing hearing conservation
programs may n;ltimately reduce these impairments by about 11 percent.
However, if the hearing conservation programs required by the new
amendment effectively reduce at-ear noise levals by 15 dB, they would
prevent at least 70 percent of the impairments by the 20th year, and at
least B85 percent by the 70th year, following iImplementation. In
addition, evidence was presented to i{ndfcate that the incidence of
extra-auditory health effacts, Job-relatsd accidents, and worker
absentee levels could decline significantly.
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The compliance cost of the amendment was estimated at about $53
per axposed worker ang constitutes less than 0.2 percent of the profits
in the major affected industries. It was shown that this level of cost
can be easily financed without causing economic problems to the great
majority of business firmms 1in each {ndustry sector. CalpuLaticns
deriving the annual compifance cost per 1mpairment avoiqed at
equilibrium yielded $301 for all hearing conservation programs and $327
when the estimated cost and benefit of existing prugraﬁs were excluded.
Calculations of the prasant ‘value of the cost per person.year of
impairment avoided because of hearing conservation programs came to
$245 by the 30th year and $62 by the 70th year. These compliance costs
are clearly reasonable compared to the 1Intangible but very real
persanal costs of enduring a year of impaired hearing.

Alternative initiation levels for the hearing conservation program
were considered and rejected. Although the 90 dB altarnative would
reduce annual cumpliange costs by $90.6 miliion, 1ts selection would
permit an estimated 189,000 additional material Iimpairments by the
equilibrium year. Therefore, the annual cost per impairment prevented
at equilibrium due to extanding the scope of the amendment to 85 dB
rather than 90 dB was estimated at $479. The present value of the
stream of additional costs per person=-year of impairmgnt'prevented by
extending the scope of the regulation to 85 dB was estimated at about
$400 over a 30-year tfmpspan, and at about 5100 over a 70-yaar horizon.
Consideration of the 80 dB alternative has been deferred pending the

‘callection of further data relating to its feasibility. Based on this

informatfon, OSHA has concluded that most individuals, as well as
socfety as a whole, will consider the haaring caonservation amendment to

be a judicious investment in the quality of life fer this nation's

work force.
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APPENDIX A
CALCULATION OF THE NUMBER OF HEARING IMPAIRMENTS

Calculation of the Equilibrium Number of Hearing Imgairments‘_‘ B -

Six basic steps were used to calculate the number of hearing
jmpafrments occurring under the four regulatory alternatives:
1. Develop an age distribution,
2. Develop an age by exposure level distribution,
3. Adjust exposure levels for the use of hearing protectors,

4, Develop a sex distributfon and combine with the age by
exposura level distribution,

§. Calculate the number of hearing impairments from all
causes, and

"6. Determine the number of occupationally caused hearing
impairments.

This methodology basically follows the proceduras used by the Center for
Policy Alternatives {(CPA) ("Economic and Social Impact of Occupational
Hoise Exposure Regulations,* Ex. 232). Although the conclusfons of this
study were subject to extensive discussion at tﬁe hearfngs, no one criticized
the methodology used by (PA to estimate the number of hearing impairments
pravented. 0SHA has therefore concluded that the CPA procedures form a
reasonable basis for these calculatfons. Additionally, information cn
the number of retirees in the population, the sex distribution of the

work force, and the attenuation afforded by the use of hearing protectors

has been included.

A-1
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Davelop an Age Distribution ) -

An age distribution of tha work force was develdped because hearing
impairment 15 partfally a function of age. [Ideally one would develop
a distribution based on the actual work force in the 19 industries under
study. Since such a distribution is not avaflable, these calculations
used a Bursau of Census age distribution for the entire population between
ages 18 an& 64, Such use assumes that this distribution adequately repra-
sents the actual distributfon in the 19 industries and will continue to do
so for the next 70 years. In addition, it was assumed that no one younger
than 18 or older than 64 years of age fs in the production work force in
the 19 industries. The age distribution of the active work force in the 19

industries fs presented in Table A.l.

Occupational hearing loss doas not stop when 2 person leaves the work

force, but continues throughout retirement, Consequentiy, the number of
ratirees frem the production work forge in these industries must be added
to the age distribution. (Both CPA and B8BN understated beneffts by not
including retirees in their calculatfons.) To estifmate the number of
production worker retirses from the 19 industries (sfnce a precise count
1s not available}, it was assumed that the proportion of production worker
retirees from these industries {s equal to the proportion of ratfrees from
tha entire population betwesn 18 and 64 years of age. The following equatian

11lustrates this procedure.

A=2
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Population aged 65+
Toputation aged 18-64
»  24.054 million}
131,115 mi1lfan?
= 2,734 million retired production workers in 19 fndustries

X Production workers in 19 industries

% 14.904 mi11ion®

The complete age distribution (including retireas) for the 19 industries is

prasented in Table A.2.

Develop an Age by Exposure Level Distribution

Two major assumptions were used to develop an age by exposure level -

distribution: First, that noise exposure levels (in dB) are {ndependent
of age. Second, that the duratien of exposure (in years) for each 10 ysar
age category can be approximated by using_ the midpoint number of years since
age 20. For example, those aged 35-44 have worked 1524 years since thay
wvere 20 years old. The mf'dpoint of the range 15-24 s 20. The average
duration of exposure for everyone aged 35-44 1s thus assumed to be 20 years.
ImpTicit here 1s the assumption that workers do not maove between noisy and
non=noisy Jjobs.

The age by exposure level distribution {is created by multiplying the
age distributfon (Table A.2) with the exposure Tevel dfstribution (Table 4
of the Benefits Section) and is presented in Table A,3.

J'LI.S. Oepartment of Commerce, Bureau of the Census, Statfstical Abstract

of the Unfted States, 1979, Table S, p. 8. Data are for .

2rable A.1 of this Appendix.
3rable’ 3 of the Benefits Ssction.



Table A.1
Age Distributfon of the Active Work Force

Age Group Total U.5. Percent Active Work Force
Population* in 19 Industries**
(mi114ans) {mf1lions)

18-24 28.944 22.07 3.289

25-34 33.936 25.88 3.857

35-44 24.383 ‘18.60 2.772

45-54 23.184 17.68 © 2,638

55-064 20.668 15.76 2.349

Total (18-64) 131.115 100.00 14.904

Source: Bureau of the Census.

|, S, Oepartment of Commerce, Bureau of the Census, Statistical Abstract of
the United States, 1979, Table 5, p. 8. Oata are for 1978.

#nfalculated by assuming that the 19 fndustries have tha same percentage age
distribution as the total U.S. population,

A=4
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Table A.2

Age Distribution of the Active/Retired Work Force

Age Group Population Percent
{millians)
18-24 3.289 18.65
25-34 3.857 21.87
35-44 2.7 15.72
45-54 2.635 14.94
65+ 2.734 15.50
Tatal 17.638 100.00

Source: Table A.l and the retiree estimate performed in the text.
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Table A.3*

Age by Exposure Level Distribution
Assuming No Hearing Protector Use

(Parcant)

Exposure Age Group

Lavel

. (d8) 18-24 25-34 35-44 45.54  55.64 . 65+ Total -
< 80 8.74 10.25 7.37 7.00 6.24 7.27  46.88
80-85 3.50 4.10 2.95 2.80 2.50 2,90 18.74
85-90 2.81 3.29 2.37 2.25 2.01 2.33 15.06
90-95 2.05. 240 | 1.73 1.64 1.46 1.70  10.98
§5=-100 1.02 1.20 .86 .82 .73 .85 5.47
. 100"’ 054 - -53 -.45 -43 038 .44 2-87
Tatal 18.65 21.87 15,72 14.94  13.32 15.50  100.00

Source: OSHA, Office of Regulatery Analysis,

*Based on Table 4 (Noise Exposure Distribution) and Table A.2 {Age
Distribution). Each cell reprasents the percentage of the active/retired
work forcs in each combination of exposure level! and age. Thus, 8.74 percent of
the active/retired work force 15 both in the age group 18 and 24 and is exposed
to occupational noise <80 dB.
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Adjust Exposure Levels for the Use of Hearing Protectors
The naxt step of the calculations was to factor in the effect that

haaring protector use will have on effective, "inside the ear" exposurs
lavels, This adjustment fs, of copurse, unnecessary for the no hearing
conservation program alterpative, which assumes no hearing protettor use.
For the other alternatives, assumptions were made about the number of
workers who will wear personal hearing protectors and the average attenua-

tion they will receive.
It was assumed that all workers required to wear hearing protactors

will do so and that they will receive an average attenuation of 15 d8. A

Table A.4
Exposure Levels, Pra-and Post-?gg?lation for the Fipal Amendment*

Pre-Ragulation " Post-Requlation
<80 | <80
80-85 80-85
85-80 <8O
90.95 <80
95-100 80-85
100+ £5-90

Source: OSHA, Office of Regulatory Analysis.

*Effactive "insida the ear® exposure levels after accounting for hearing protec-
tor usage, 1.e. all workers exposed >85 dB wil) wear hearing protectors and will

recaive 15 dB attenuation.

**for workers exposed to 85-90 dB, only those who have shown 2 permanent,
significant threshold shift are required to wear hearing protactfon. It is
reasonable to conclude that the audiometric testing pragrams and the criteria
for significant threshold shift will detect, before they incur material im-
pairment, the workers betwaen 85-90 dB who are vulnerable to noisa. From the
standpoint of hearing impairments prevented, the assumption that everyone who
is vulnerable to nofse will ‘wear hearing protectors is mathematically equiva-
lent to the assumption that everyone will wear hearing protectors. The latter
assumption also simplifias the calcuiations. Therefore, O0SHA has found it

reasonable to make that latter assumption for the purposes of these calculations.

A=7



Post-Ragulation Age by Exposure Level Distributfon for the Final Amendment®

Table A.5

{ Parcent)

Exposure Age Group
Level
(¢B)

18-.24 25-34 35-44 45-54 55-64 65+ Total
<80 _ 18.585 15.94 11.47 10.89 9.71 11.30 77.96
80-85 - £.30 3.81 3.62 3.23 3.78 19.71
85-90 - .63 .45 .43 .38 G4 2,33
90-95 - . - - - . -
95-100 _ - . - - - . .
100+ - - ' - - - -
Total 18.85 21.87 15.72 14.94 13.32 15.50 100.00

Source: OSHA, Office of Regulatory Analysis.
rAfter equilibrium s established (70 years after implementation}. Hearing protector

yse assumed:

A-8
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more detailed discusssion of this assumption is found in the Benefits section.

L

Table A.4 presants current exposure levels and the affective "inside the

aar" exposura lavels aftar implementation of the final amendment. " Table A.5

presents exposure levels by age group, assuming full use of'hearing protectors,

after implementation of the final amendment.

Hearing impairment {5 also a function of sex:

e Davelop 2 Sex Distribution and Combine With the Ade by Exposure .
Level Distributfon . ,

Men appear to be more

susceptible to hearing loss than women. Therefore, in the 19 industries

studfed, & distributfon of the production work force was developed accord-

ing to sex. HNo published data exfst that show a breakdown of the praduc-

tion work force by sex, although BLS does publish data on the sex distribu-

tion for all employees (not just production workers) in the 19 industries.

It was assumed in these calculations that the proportion of male and female

employeas 1n the production work force in the 19 industries {5 equal to that

for the entire work force.

Female Fraction

Male Fraction

The calculation procedure was:

Number of female employees in 19 1ndustr1esl

5,096,

Total work force in 19 industries

9 Thousand

20,639.3 Thousand

.295

1 - Female Fraction

1 -.295
708

1U.S. Department of Labor, Bureau of Labor Statistics,

Employment and Earnings 27 (March 1980): 67-73, Table B-3, Data
are for 1979.

”

“ibid., Table B-2.
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This procedure would appear to overstate the number of female praduction
workers and understate the number of male production workers, since it is
generally perceived that mast productfon jabs in the manufacturing sector
are held by men. However, a sacond, unpublished data source from the BLS
gives a breakdown of job categorias by sex and reveals approximately the
same ratio in blue ¢ollar jobs: 71 percant male to 29 percent female.

These male and femala fractions were applied to the total population,
including retirees, exposed from the 19 industries (17.636 million) to find
the number of maTes (12.433 mi114on) and females (5.203 million). By assum=-
ing that notse exposure is independent of sex, distributions of the number
of persons in the different age and exposure level categories were developed
for both males and females by using the age by axposure level distribution
(Table A.SJ. Te the extent that men are’ exposed, on average, to higher noise
levels than are women, this assumptfon tends to understate the number of

hearing fmpafrments. The results are shown in Table A.6.
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TABLE A.6

Number of Persons Exposed (Equflibrium)w

{mi111ons)
Exposure Age Group
Lavel
{dB) 18-24 25-34 3544 45-54 £5-64 65+ Total
MALE
<80 2,319 1.982 .1.425 1,354 1.207 1.405 9.693
80-88 - .659 474 450 402 466 2.451
85«90 - .078 056 053 047 085 .28%
90-95 - - - - - - -
95-100 - - - - - - -
100+ - T . - - - - -
Total Male 2.319 2.719 1.956 1.857 1.657 1.926 12.433
FEMALE

<80 .970 .827 .597 .567 .508 .588  4.054
8088 - .276 .198 .188 168 .198 1.025
85-90 - .033 .023 .022 020 .023 121
9055 - - - - - - -
95-100 - - - - - - -
100't - - - - - - -
Total Female .970 1.138 .821 J77 694 .B0S 5,203
Total Male

3.857 2.7717 2.524 2.351 2.731 17.536

and Female 3.289

Source: 0SHA, Office of Regulatory Analysis.

*70 years after implementatjon. This table is ggneq%%$d ?y agp;yin
m on) an

of Table A.5 to the tgtal number of males {12.4
A-11

the percentages

5 (5,203 million).



Calculate the Number of Hearing Impairments from All Causes ‘ .___._-_._..__.r

Risk matrices were developed, utfTizing the data prasentad in the
Johnson report (Ex. 310) and the computer program listed as an appendfx
to that report.' Tables A.7 and A.8 present noise-induced permanent thres-
hald shift (NIPTS) and presbycusis data from the Johnson report used with
the computer program. Table A.9 presents the risk matrix for & 15 dB8 fence
at the frequencies 1000, 2000, and 3000 Hz. Each call in Table A.9 gives

the percentaée of the work force in each age group-exposure level catagory

who w111 have hearing threshold lavels >15 dB averaged at the frequencies 1000,

2000, and 3000 HWz. (Similar risk matrices for the 25 and 40 dB fences were
also developed and are presénted {s Tables A.10 and A.1ll.)

One assumption “ fnherant in this step has already been discussede-sthe
assumption that duration of exposure can be adequately represented for each
ld-yenr age group by using the midpoint number of years since age 20. Simi-
larly, 1t was assumed that the midpoint of each exposure level range adequa-
tely predicts hearfng lass for the entire range {See Table A.12).

The number of persons exposed (Table A.6) was then combined with the
appropriate risk matrix {Table A.10) to determine the number of persons who
would be across the 25 ¢B fence after implementation of the final amendment

(Table A.13).

A-12



Table A.7
‘Noise-Induced Parmanent {gg?shold Shift (NIPTS)»

Exposure Duration
{Percentile of Population)

Exposure 10 years 20 years 30 years a0 years

Lavel
(dB)

{.9 .5 1) (.9 .5 A) (.9 .5 Jd) (.9 5 1)

75 a 0 0 0 0 0 0 0 0 0 0 i
80 Jd .8 1.8 J7 1.0 1.8 17 1.1 1.8 2.6 1.3 1.5
85 J 1.9 4.7 1.5 24 4.7 2.5 2.9 4.7 3.7 3.2 4.7
20 1.6 -4.1 9.3 2.9 53 10.2 43 6.4 1.1 60 7.3 1.1
96 3.3 8.1 15.6 5.4 104 17.9 8.5 12.7 19.5 10.9 1.4.4 20.4
10 7.1 13.6 23.3 10.6 17.4 26.6 14.4 20.8 29.2 17.9 23.5 30.8

Source: Daniel L. Johanson, Derivation of Presbycusis and Noise-Induced Parmanent Threshuld
shift, Ex. 310, Table 5, p. 29.

*The NIPTS values praesentaed here are the decibel shifts in hearing ability for the 90th,
50th, and 10th percentilaes of populations exposed for 10, 20, 30, and 40 years. Thase
NIPTS values are the average of the shifts at the frequencies 1000, 2000, and 3000 Hz,
fallewing Johnson's suggestion, the data published in his report for 80, 85, and 90 dB
lavels were adjusted to ensure that the NIPTS for a particular exposure duration at a
particular exposure laevel would be equal to or renter than the NIPTS for shorter

exposure durations {See Jonnson, Ex. 310-
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Table A.8
Prasbycusis Data from the(ué§' Public Health Survey*
d

' Age
{Percentile of Population)

T 0 years 70 years 50 years 80 years

“Tex T .5 7% ) N Y Y1 1T 1.0 "5 1) 1.7 5 1)

Male -1.3 3.7 123 0.3 6.7 23.0 2.0 0.7 25%.7 4.3 15.3 40.0

‘Female 3.3 1.7 8.7 -7 3.3 12.7 0.0 6.3 1.7 2.3 1.0.3. 27.0

Source:  Danfe! L. Johnson, Derivation of Presbycusis and Haoise Induced Permanent
Thrashold Shift, Ex. 310, Tabies 7-8, p. 4l.
*The data presented here are tha average of hearing threshold levels at 1000, 2000, and

3000 Hz for the 90th, 50th, and 10th percentfles. As suggested by Johnson, a 2 dB
correction has been applied to the values for the 90th and 10th percentflas (See

discussion in Johnson, Ex. 310, pp. 13-14).
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Risk Matrix - 15 dB Fencer -

Table A.9

I PO TR TR LA T S S T o

(Parcent)
Exposure e Group
1(.55?1 18-24 25-34  35-44 45-54 55-64 65+
MALE
<80 0.0 4.7 26 39 52 52
80485 0.0 1 32 a4 53 63
£5.90 0.0 20 39 53 73 73
90-95 0.0 3 51 70 85 ' &5
95-100 0.0 ° 50 70 86 94 94
100+ 0.0 60 81 92 97 97
EEMALE
<80 0.0 0.9 5.7 20 36 36
80-85 0.0 4.8 12 28 43 43
85490 0.0 12 22 38 ° 55 55
90-95 0.0 25 a7 56 75 75
95-100 0.0 42 60 7 91 91
100+ 0.0 52 73 89 96 96

Source: Danfel L. Johnson, Derivation of Presbycusis and Noise Induced Permanent

Thrashald Shift, (Ex. 310).

»Hearing threshgld levels >15 48 average at 1000, 2000, and 3000. Hz.

Each cell of this matrix gives the percentage across the 15 dB fence for each age
and axposure level combination, Johnson's report presents information for exposure
lavals of 80, 85, 90, 95, and 100 dB. Linear interpolation is used to calculate
the percantages for the midpaoints of the exposure ranges: 82.5, 87.5, 92.5 dB. The
matrix 1s generated by using the computer program }isted in the Appendix to the

Johnsan report.

A=15
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Table A.10
Risk Matrix - 25 dB Fence*

(Percent)
Exposure fge Group
Leve] 18-24 25-34 35-44 4554 55-64 © 65+
(d8)
MALE
<80 0.0 0.3 7.8 17 a1 3
80-85 0.0 1.3 12 22 36 36
85490 0.0 - 3.8 18 29 42 42
90-05 0.0 10 28 41 56 56
95100 0.0 22 a1 59 7 76
100+ 0.0 30 48 71 86 86
FEMALE
<80 0.0 0.3 0.3 3.8 13 13
80-85 0.0 0.6 1.3 - 7.6 19 19
85-90 0.0 1.6 4.6 14 27 27
9095 0.0 5.8 14 27 41 41
95-100 0.0 16 29 47 65 65
100+ 0.0 23 39 59 80 80

Threshold Shift, (Ex. 310)

*Hearfn? threshotd Tevels >26 dB average at 1000, 2000, and 3000 Hz.

Each cell of this matrix gives the percentage across the 15 dB fence for each age
and exposure level combinatien. Johnson‘s report presents informaticn for exposure
levels of 80, 85, 90, 95, and 100 dB. Linear interpolatfon is used to calculate
the percentages far the midpoints of the exposure ranges: 82.5, 87.5, 92.5 dB. The
matrix 15 generated usfng the computer program listed in the Appendix to the

Johnson repert.

Seurce: Daniel L. Johnson, Derivation of Presbycusis and Noise Induced Permanent
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TABLE A.1l
Risk Matrix - 40 dB Fence*

(Parcent)
Exposure Age Group
%§;§1 18-2¢  25-3¢ 3544 45-54 $5-64 65+
MALE
<80 0.0 - 0.3 0.8 2.8 10 10
80-85 0.0 0.3 1.6 4,6 13 13
85.90 0.0 0.3 3.3 8.3 18 18
90-9§ 0.0 0.8 8.1 16 20 28
95-100 0.0 2.6 16 28 41 41
100+ 0.0 5.8 21 5 48 48
FEMALE
<80 0.0 0.3 0.3 0.3 1.3 1.3
80-85 0.0 0.3 0.3 0.6 2.6 2.6
850 ' 0.0 © 0.3 0.3 1.8 5.8 5.8
90-95 0.0 0.6 1.6 6.1 14 14
95-100 0.0 2.1 6.1 16 29 29
100+ 0.0 3.3 9.3 23 37 37

Thrashald Shift, (Ex. 310).

Seurce: Danfel L. Johnsor, Derivatien of Presbycusis and Noise Induced Permanant

-

*Haaring threshold levels >25 dB average at 1000, 2000, and 3000 Hz.

Each cell of this matrix gives the percentage across the 15 dB fence for each age
and exposure lavel cambination, Johnson's report presents information for exposure
Tevels of 80, 85, 90, 95, and 100 dB. Lfnear interpolation is used to calculate
the percentages for the midpoints of the exposure ranges: 82.5, 87.5, 92.5 dB. The
matrix 15 ganerated usfng the computer program listed in the Appendix to the
Johnsan report,
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Table A.12

Midpoints of Exposure Levels Used for Calculations

Exposure Range Midpoint
(d8) (eB)
80-85 82.5
856~90 . 87.5
90-95 92.5
95-100 97.5

Source:

OSHA, Office of Regulatory Analysis.
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Tabie A.13

Number Of Hearing Impairments*
70 Years After Implementation of the final Amendment

{Mi11ions)

Age Group
Exposure
Lavel 18-24 25-34 35«44 45-54 §5-54 65+ Total

{dB)

MALE
<80 - .006 111 .230 374 436 1.157
80-85 - .009 .057 .099 .145 .168 478
85-90 - 003 .010 .015 020 .023 071
90-95 - - - - - - -
95-100 - - - - - - -
100+ - - - - - - -
Total Male - .018 178 .344 539 627 + 1.706

FEMALE
<80 - .002 .002 .022 .066 .076 .168
80-85 - - 002 .003 .014 .032 037 .088
85-90 - .00l 001 .003 .008 .006 016
90"95 - - - - - - ‘ -
95100 - - - - - - e
100+ - - - - - - -
Total Female - .Q05 .006 .039 .103 .119 272
Total Mate

Source: OSHA, Offfce of Regulatory Analysis.

#Haaring thresheld tevels >25 dB average at 1000, 2000, and 3000 Hz.
Data were genaerated by combining Table A.§ (number exposed) with Table A.10
{Risk Matrix for 25 dB Fence).
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Determine the Number of Occupational Hearing Impairments

The results of the last step are the total number of persons who cross
the fences from occupational noise exposure, prasbycusis (hearing Toss due to
aging), or a combination of the two. The number of impairments caused wholly
or partially by occupational exposure fs simply the total number of impairments
minus the number of impairments that would have been caused if aging were the
sole cause of hearing loss. ‘ '

Since, in the data presented by Johnson, expasure levels <80 dB are
assumed to create no noise-induced hearing loss, the number of hearfng fmpafr-
ments due to presbycusis can be caiculated by multiplying the number of
persons in each age category (Table A.6, 1ine 7 for males; line 14 for females)
nwith the corresponding lines in the risk matrices for exposures of <80 dB (Table
A.10, Yine 1 Ffur males, Tfna 7 for femalaes), Table_ﬂ.14 presents the results
of this calculation for the 25 dB fence.

The number of occupational hearing impairments remaining in the populatfen
is the total number of hearing impairments minus the numﬁer that would have
occurred due to aging. For the equilibrium level of hearing impairments for
the final amendment, this calculation fs:

1.978 mf11dan - 1,816 million = ,162 million,
Thus, 162,000 occupationally dmpaired individuals remain in the population
even after the effects of the amendment are fully felt. The results of the
adjustment for presbycusis are presented in Table A.15 for all three fancas

for the four requlatory alternatives.
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TABLE A.14

Kumber Of Hearing Impairments+*
Dus To Prasbycusis

(Mi11iens)
Age Group
Sex 18-24 30 3544 45-56 5560 65+  Total
Male . 008 152 .316 513 .597  1.586
Female - .003 002 030 .090 .108 230
Total - .o 154 346 603 702 1.816

Source: QSHA, Offi{ce of Regulatory Analysis.
*Hearing threshold levels >25 4B average at 1000, 2000, and 3000 Hz.

These data are generated by multipiying the number of persans in each age

group (Table A.6, lines 7 and 14) with the percentage expected to suffer
hearing impairment from exposures <80 d8 {Table A.10, lines 1 and 7).
It 15 2ssumed that a1t hearing {mpairment for those exposed at <80 d8

is due to presbycusis,
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Table A.15

Number of Hearing Impairments*
70 Years After lmplementation. {Equitibrium Level)

{MiHtions)

15 di fence —2548_fence A0d0 fence

Regulatory Alternative Total Occupational Total Occupational Total  Uccupational
Number Causer* Number Causes* Humber Causer#

No liearing Conservation
Program 5,560 1.624 2.876 1.060 .934 A73
90 dBb Regutatory Alternative 4.649 675 2.167 - .31 597 .136
85 d8 Regulatory Alternative 4,205 321 1.978 .162 .520 .059
80 dB Regulatory Alaternative 4.099 125 - lL.am 063 484 .023

Source: OSHA, Office of Regulatory Analysis.
*Humber of persons with hearing threshold levels >15, 25, and 40 dB average at 1000, 2000, 3000 iiz.

*#(ccupatfonal Cause = Tatal number minus number that would normally occur due to presbycusis.
For 15 dB, presbycusis equals 3.974 million; for 25 dB, 1.816 miV1lion; for 40 dB, .461 mill{on.
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CaTEulntion of the Interim Number of Hearing Impairments .

The number of hearing impairments under each of the regulatory alterna-
tives was also calculated for a number of years prior to the estahlfshment
of equilhrium--specifically, 10, 20, 30, and 40 years following implementation.

These calculatfons followed the same procedures outlined above for the
equilibrium lavels. Steps 1 through 6 were followed with one additional step
batween steps 2 and 3 to adjust for hearing protector use. This addit{ona1
step was necessary because {n asach of the interim years before equilibrium is
achieved, the popuiatfon will contain many people who have only spent part of
their Tives working under the hearing conservation amendment. For exampie,
individuals who are 40 years old in 1980 have alrecady spent 20 years working

* {n a pre~regulation noise environment. In 1990, they will have spant 20 years
in a pre-regulation envirhnment and 10 years in a postercgulation environment.
These individuals will never receive the full benefits of the hearing conserva=-
tion amendment because they have already lost some hearing abflity from exposure
during the first 20 years.

In order to estimate the number of hearing impairments in each of the
{nterim years, the pre- and post-regulation exposure levels wera averaged to

obtain an equivalent continuous exposure level. Following the methodology of
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the CPA report (Ex. 232, pp. 8-11 to B-13, B-16), these equivalent exposure
levels were calculated using the equal energy relatfonship:

(Ly/10)
EE t1 10
L, = 10 log

eq z t'l

Whera %1 = axposure levels (dB}

1 = years at each exposure level”

Table A.l6 presents a matrix of equivalent, continuous exposure levels
for the final amendment in the year 1990. The 1ast two Tines of this table
give the various exposure Tevels before and after implementation of the regula-
tion for the varfous age groups. This table was used to calculate an age by
exposure Tevel distribution simitar ta that shown fn Table A.5. The following
steps remained unchanged: The age by exposure level distribution was used to
calculate the number of males and females exposed, the sameé risk matrix was
apptied to those exposures to determine the total number of hearing impafrments,
and then the number of occcupatfonally caused impairments was calculated. Table
A.17 presents the results of those calculations and pro#ides the information
nesded to calcuTate the number of hearing impairments prevented by the reguTation.

Finally, the total persaon-yaars of impairment prevented in the first 70 years
after fmplementation were calculated., As Figure 2 of the Alternatives Section
shows, the increase in the number of impairments preventaed is not linear over time.

The number of person-years of impairment prevented is equal to the area underneath

*0.H. Raobinsen and M.S, Shfptoﬁ, Tabias for the Estimation of Noise-Induced
Hearing Lass6 {Teddington, United ngdom: Naticna ysica abaoratory,
Pp. 5=0.

A-24



L.

each of these curves. An approximation of these areas can be made using the

procedure given in the CPA report (Ex. 232, pp. B-23 to B-24):

Person-yesrs of hearing impairment prevented »
(10 yrs.) (P 10 )+ (20 yrs) (P20 +P20) +

2 2

(10 yrs) (P 20+ P 30 ) + (10 yrs) (P30 + P40y + (30 yrs)tPa0 + Pro)

2 2 2

khere pn = number of hearing impairments prevented in year n after

implementation.

A-258

et e aain



92~y

Table A.16

Equivaient Continous Exposure Levels l"eq)

For The Final Amendment 10 Yc(e:ﬁ After Implementation

Exposure Level Age Group
(db)

Pre- fost- ;
flegulation Regulation 18-24 25-34 35-44 45-54 55-64 65+
<80 <80 <80 <80 <80 <80 <80 <80
02.5 82.5 82,5 82.5 B2.5 82.5 82.5 8z2.5
07.5 12.5 72.5 72.5 84.6 85.8 06.3 872.5
92.5 17.56 71.58 7.5 89.6 90.8 91.3 92.5
97.5% 62,5 82,5 a2.5 94.6 05.8 9.3 97.5
100.0 87.5 87.5 a7.5 97.2 99,2 98.8 100.0
Years of Pre-Regulatian 0 0 10 20 30 40

Exposure .
Years of Post-Requiation 0 10 10 10 10 0

Exposure

Source: 0SHA, Office of Regulatory Analysis.
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Table A,17

Occupational Hearing Impairments (25 dB Fence),
10, 20, 30, 40, and 70 Years After Implementation

{Mi11ions)
Years

tegulatory Alternatives 10th 20th 30th 40th 70th
No liraring Conservation 1,060 1.060 1.060 1.060 1.060
Program

80 dB Regulatory Alternative 886 683 507 am .38
B5 dB Regulatory Alternative 848 .583 364 .261 .162

{Ftnal Amendment)
80 dB Regulatory Alternative .825 512 . 265 .163 .063

Source: OSIA, OFfice of Regulatory Analysis.



APPENDIX B
SAMPLE COST CALCULATION - SIC 20

Monitoring

The first step in the estimation of the annual monitoring cost for
SIC 20 was to calculate the average number of actual exposure
measurements expected for efu:l; of the five estabiishment size
categories. The estimating equation used was:
M= (PM/100) (PW/E} (N)
were: M = the number of measurements
PM = the percent of workers actually measured (Tab'lle 9)
PY = the number of production workers (Table 10Q)
E = the number of establishments (Tabie 10)
N = the Bercentaga of workers exposed to _>_86 d8 (Table 11)
This ylelds: .
1-19 employees: 100/100 x 75,583/13,118 x 0.47 = 2.7
20-49 employees: 60/100 x 122,613/4,783 x 0.47 = 7.2
50-99 employaes: 50/100 x 158,034/2,813 x 0.47 » 13,2
100-249 employees: 40/100 x 292,110/2,332 x 0.47 = 23,5
2250  employees:  30/100 x 527,859/1,248 x 0.47 » §9.6
The next step 1s to determine the cost if employers use noise
consultants to perform the monftording tasks, Table 8 shows that the
cost of measuring the exposure of 2.7, 7.2, 13.2, 23.5, and 59.6
employees s $412, $412, $593, 5855, and 51,298, respectively. Because
the monitoring will generally be conducted bfiennfally, the annual
manftor'"lng cost by consultant will be halt of this, or $205, $206,
$296.5, $428, and $649 for the five establishment sizes.

8-1



Next, the cost of performing the monitoring with inshouse staff
for each size catégory was estimated. The estimating equation for ihe
average annual cost for each estabiishment was $260 + ($10 x the number
of measured workers/2 years). This gives:

1-19 employees: $260 + (510 x 2.7/2) = $273.5
20-49 employses: 5260 + (510 x 7.2/2} = $296
50-99 employees: 85260 + {$10 x 13.2/2) = $326

100269 employaes: §260 + (510 x 23.5/2) = $377.5
2250 employees: $260 + ($10 x 59,6/2) = $558

These estimates were then compared to the cost of hiring noise
cansuitants. Because employers will choose the least costly
alternative, establishments in the three smaller size groups will hire
consultants at the annual cost of 5206, 8206, and $296.5.
Establishments in.the largest 2 size groups werg assumed to purchase
nais¢ manitoring equipment and monitar ine-house at an annual cost of
$377.5 and $558 raspectively.

‘Me1tiplying the number of firms in each size group (Table 10) by
the average astabl{ishment cost yfalds:

1-19 eamployees: 13,118 x $206 = $2,702,308
20«49 employees: 4,783 x 206 = 985,298
50-99 employees: 2,813 x 296.5 = 834,055
100-249 employees: 2,332 x 377 = 879,184

2250 employees: 1,248 x 558 = 696,384
$6,097,209

Thus, the cost of complying with all of the monftoring provi;fons for
SIC 20 1s estimated at $6.1 million par year.
To estimate the new monitoring costs it was assumed that 74
percent of the firms with more than 100 employees are already
-2
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complying with this provision. This adjustment gives:
1-19 employees: 13,118 x $206 a §2,702,308

985,298

834,055

20-49 employees: 4,783 x 206
50-99 employees: 2,813 x 296.5
100-249 employees: .74 x 2,332 x 377 = 650,581

2250 employees: .74 x 1,248 x 558 = 518,324
$5,687,566

0SHA, therefora, estimated the new monitoring costs for SIC 20 at $5.7
million per year, . |

Audiometric Testing L _
The equatfon used to estimate the cost of audfometic testing for

establishments with under 50 employees is:
Cun (PH~SH) xPx (2W+ $15) x 1.2 tests + rechecks
= (198,196 ~ .1685 x 17,000) x 0.28 x {2 x $6.27 + $15) x 1.2
= §1,807,332
where: C = the annual cost
PH = the'number of groduction workers (Table 10)
SW = the number of seasanal workers (17,100 x percent of workers
in this establishment size as derived from Table 10)
P = the fraction of workers axposed to noise »85 dB (Table 11)
W = the industry averaga annual wage
For intermediate sized establishments (50-249 employees), the
estimating equatien is:
€2 (PH «SH) x P x (0.5 W+ $12) x 1.2 tests + rachacks
n (450,144 - .3827 x 17,000} x 0.28 x (0.5 x $6.27 + $12) x 1.2
» $2,256,089
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Audiometric testing costs for the largest establishments (>250

emplayees) were estimated as follows:
C = {35650 x E) + (PW -SW) x P x {$4.17 + 0.5 W) x 1.2
= ($650 x 1,248) + {527,859 -.44878 x 17,000) x 0.28 x (54.17 + 0.5 X
$6.27) x 1.2 '
= 52,088,094
nhere E = the number of establishments.

Summing the costs for the three size groups yields $1,807,332 +
$2,256,089 + $2,088,094 = $6,151,485 as the total annual audiometric
testing cost for SIC 20. To account for existing programs, the
labor=-related costs .of the largest establishments were reduced by 20
percent. Thus, the estimating equation for this size group becomas:

C = (8650 x E) + (PW-SW) x P x 0.8 x ($4.17 + 0.5W) x 1.2
a (5650 x 1,248) + (527,859 - .44878 x 17,000) x 0.28 x 0.8 x ($4.17
+ 0.5 x $6.27) x 1.2 '
= $1,832,715 .
This gives $1,807,332 + $2,256,059 + $1,832,715 = %5,896,106 as the
total new annual audfometric testing cost for this SIC.

Hearing Protection

The annual cost for the hearing protecter provision was estimated

at:
CaSlOx P4 x P
= §10 x 1,176,199 » 0.28
= $3,293,357
whera: C = tha annual cost
P¥ = the number of praduction workers (Table 10)
P = the fractfon of workers exposad to nofse >85 d8 (Table 11)

B=4



v ok 2R Tty TN T I 2,

o B W e

To account for current industry practice, -20 percent of the
workers exposed to a TWA 290 dB were assumed to have already been
provided with hearing protectors. This estimating equation is:
C=$10x (PN xP -~ (0.2xPWxAQ))

= §10 x (1,176,199 x 0.28 - {0.2 x 1,176,199 x 0.16))

= $2,916,974
where: @ = the fractfon of workers exposed to noise >90 d8 (Table 11)

Training
The annual cost of training for SIC 20 {s estimated at:
$Tr = (W x PH x P) + $10e + (10/30 x PHE x P)
= ($6.27 x 1,176,199 x 0.28) + ($10 x 20,714) + (1/3 x 819,969 x
0.28)
» $2,348,605
whera: §Tr = the cost of training
¥ = the hourly production worker wage
P¥ = the number of production workers (Table 10)
P = the fraction of workers exposed to 385 dB (Table 11)
@ = the nunber of astablisiments with lass than 100 employees

(Table 10)
PHE = the number of production workars in establishments with

over 100 employeas (Table 10)
Warning Signs

| The cost for warning signs in SIC 20 were estimated as:
$S = $3.50 x PH x P/10
= £3.50 x 1,176,199 x 0.28/10
= 5115,268
where: $S = the cost of warning signs
PH = the number of production workers (Table 10)

P = the fraction of workers exposed to 385 dB (Table 11)
- B-§
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Recordkeeping

The cost of keeping records of worker exposuras and audiograms was

estimated at:
SR=1/6HxPHxP

= 1/6 x $6.27 x 1,176,199 x 0.28

= §344.1586
whare: SR = the cost of kaeping these records
' W = the hourly praoduction worker wage

P¥ = the number of production workers (Table 10)
P = the fraction of warkers exposed to 285 dB (Table 1l)

In addition, the recordkeeping cost for perfodic calibration of
audiometers was calculated as:
SRa2/6HXE

= 2/6 x $6.27 x 1,248

= 52,608

whare: £ = the number of establfshments with at least 250 employees

(Table 10)
Thus the total annual cost of recordkeeping is estimated at $344,156 +

$§2,608 = $346,764.

Total Cast
The tatal compliance costs for SIC 20 were calculated by summing

the cost of each provision as shown in Table B-1.
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Table Bl

Estimated Compiiance Cost for SIC 20

Audiometric festfng
Hearing Protectors

Training
Warning Signs

Recordkeeping

Tot al

6,151,485
3,293,357
2,348,605

115,268

346,764
$18,352,668

Total Total New
Comp11ance Comp11ance

Pravision Cost Cost
Monitoring $ 6,097,209 $ 5,687,566

5,896,106
2,916,974
2,348,605

115,268

346,764
$17,311,283*

Sourca: OSHA, 0ffice of Regulatory Analysis.

#TH1s total differs slightly from that pravided in Table 13 because of
different rounding procedures used in the computerized calgulaticns

which generated that table.
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