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PREFACE

The information and analysis contafned 1n this report were
presented by Or. Nicholas A, Ashford at public hearings conducted
by the Department of Labor's Occupatfonal Safety and lealth
Administration in October 1976, regarding the proposed CGccupational
Noise Exposure Regulation., He was accompanied by Dr. Pale lattis
and Mr. Eric Zolt, Or. Ashford 1s a senfor staff member of the
Center for Policy Alternatives at the Massachusetts Institute of
Technology, and has had graduate training in science, law and
economics, Dr. Hattis is an environmental scientist and Mr. Zolt s
a certified pubiic accountant and has graduate training in both
taw and business econemics.

This report builds on research performed earlier by the Center
for Policy Alternatives which was the subject of a report entitled
"Some Considerations In Choosing an QOccupational Noise Exposure
Requlatfon", dated February 1976.

The testimony derived from this report was not intended to
recommend a safe noise exposure level. Rather, 1t presents a
methodology for analyzing the true costs and henefits of alternative

reguiatory requirements,
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ECONOMIC/S0CIAL IMPACT OF
QCCUPATIONAL NOISE EXPOSURE REGULATIONS#

I, INTRODUCTION

Hy name Is Nicholas A. Ashford and | am a senlor staff member of the
Center for Polley Alternatives at the Massachusetts Instltute of Technology.
I havo had formol graduate tralning Fn sclence, law and cconomies and am
accompanled today by two of my coltengues at the Center, Dr. Dale Hattis, an
envlronmental scientlst, and Hr. Erle Zolt, o requlatory pollcy analyst with
a master's degree In business adminlstratlon and tralning In [aw.

Khile we do not claim to be exparts [n nolse requlation, we are consid-
erably Involved with the problems of technology and soclety, with partlcular
emphasis on the areas of occupatlonal health and safety, environmental
reqgulation, and the effects of government Intervention on the Innovation
process.,

We have recently published research relevant to these hearings entfitled
Some Conslderatlopns In Chooslng an Occupatfopal Nalse Exposure Regulation. !
This research was also reported In the OSHA hearlngs last July.®™(n the

Interests of brevity wa wll] make reference to our earlier work wherever
possible,

0n the baals of the experience outllned brlefly above, wo hope to ho of
asslatanca In thasclectionof an appropriate workplace nolse expasure stan-
dard by further elucidating bath the nature of the soclal and aconomle costs
and benefits and alternative bases for declslon-making in this troubled area.
Wa ara presently undertaklng rescarch on these very subjects for EPA,
Howaver, wa are testlfylng today on our own behalf and not as advocates for
a partleular agency's polnt of view.
ThTeatimony presented at the DOL-0SHA hearings on the Economlc Impact of
Dccupational Nolse Expasure, Septembar 30, 1976, Washingtan, D.C.

nATestimeny Presented at the DOL-0SHA hearlngs on the Proposed OSHA Holse
Standard, July 23, 1975, Washington, D.C.

lSuma Consldaratiana in Chooslng an Occupatliconal Noise Exposure Regulatlon,
D. Hattls, at. al., EPA 640/9~76~007 (Februrary 1976}, hersafter clted a3
EPA 550/9~76-007.
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2. THE USEFULNESS OF COST-BENMEFIT AND ECONOMIC IHPACT ANALYSES

In diffleult economic times, It Is expacted that a socloty re~examine
the quostlon of whethar the longar-rango benaflts that are likaly to accrue
from environmental/safety rogulation are justified by potentially hlgh
shorter-~range costs. Thls Is the slmplast way to state tho problem; It
can also ba the most deceptlve., Thore ara really three Important consldor=
atlons relevant to the Qccupatlonnl Safoty and Health Administratlon's
{oSHA) standard-settiag functlon:

The Important dfstinctlons In the justiflcation of gavernment
Intervention In cccupational or enviroomental hoalth matters
as compared to economic regulation such as that found in
antltrust or utillty regulation,

The limlitatlons of traditlonal cost-bensflt technlques For
makIng social declslons,

The mandate of the 0SHAct.

These I3sues wil! be oxamlned In order to view In tha proper context
the use of cost~bensflt and economic Impact analysis for setting our cccu-
patlonal nolse exposure regulation.

Tha Juatifioation for Government Intervention in Oeeupational or
Environmental Nealth Matiera

The ratlonale for government Interventlon In the markatplace through
regulaclon Ia waunlly expressed In terms of one of two purposes: alther

To Improve the worklng of the market for goods and services by
ehcouraglng compatitlon, cconomlic of ficlency, and the divarsity
of avallable goads and sarvices, or

To amellorate the adversa consequences of markat actlvitliea and
technelogy In genaral by reducing the attendant secial costa.

The underlylng reason for pursulng thase goals I3 not to Improve the

afflciancy of the parket for Its own sake, but to optimize soclial walfara.
Economic regulation generally addreases ftself to the first purpose by

2-1
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attempting to ensure that the price mechanlsm operates officlently to properly
allocate goods and services between ecconomlc sectors and between producers and
consumars, but also to properly allocate resources between generatlons,
Economlc regulatlon, properly carrled out, thereby s generally expectedd to
reduce the prlce of the goods and services It sceks to regulate, unless the
goods and servicas were underpriced to begin with. Examples of economlc
regutations Include antltrust regulation, snargy consumptlon prlcing, ate.

Occupatlonal or environmental health regulation, on the other hand,
attempts to Interpallze the soclal costs attendlng market activitles -
especlally those assoclated with technology - and It does this by making
sure that the prices of goods and sorvices refloct the true costs to the
consumer. Thus, It might bo expected that prices would Increase In some
cases to reflect true costs, Including the costs of minimlizing adverie
hoalth consequences frem technology In the price of goods and services
represents a shift In the way the costs are accounted for and not necessarlly

a true Increase In the cost to soclety.

inflatlonary Impact statements, now roqulred by Presldentlal directlive
for major government undertakings, are of course slmply economlc Impact
statements and ought te be renamed such. Otherwlse, any attempt to Internal-
bza soclal costs carries with It tho onus of belng "“Inflatlonary." There
ara costs and prica rlses asscclated with reguiatlon, but they ara not neces-

sarlly lnflntlonnryJ

b - tha pubtlc Interest and the genaral offlclfency of the economlc aystem
would ba (better] served to the extent that preduct prices arc a teue refl ction
of both the private costs (these borne by the monufacturer and the wurkarsf
and soclal costs (thesa borna by any Vthird" partles) of productfon. Con-
sumption of cortaln products produced undar unhealthy conditions should not
ha encouraged by daeceptively low prlces which Igpore the “human' costs of
production, which are Juist as real as the actual materlal preduction rosts
although 1nas tanglhle ond harder to quantify. {f the welfaro of the public
Ia to be maximlzed, the eppropriate nolsa control standard should Imposa
added coats on Industry (and Indlrectly, soclety) that are equal to the
vatue noclaty places (and 1s willing to pay for) on tha need to pravent the
deterforatlon In worker health and wall~healng that would otherwlaa result!,
statemant of Allan F, Farguson, Presldent, Puhlic (ntereat Economle Caenter
bafora tha 0SHA Publle Hearlngs on Proposed Nolse Standards, July 1975, p.3.

AdQQ TIBVIVAY 1838
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Thus, 1t can be seen that the two kinds of rogulatlon = economlc ond
occupatlonal or envlironmental health - are expected to operate somewhat
dIfforently, bocause they address different aspects of market actlvity.

Thero 13, however, one further critlcal dlstinctlon: occupational or environ-
mentat health ragulatlon alse has a fundemental purpose, the protection of
certaln groups of people - for example, chlldren, workers In an asbestos
plant, or the less educated. Thlas Is Justifled under tha principle of equity
or falrnoss, wherohy some cconomlc afficlency 13 sald to be sacrlficed for
the health or safaty of these speclal groupsa,

The fact that economlc efflcioncy Is sometImea traded for equlty con-
alderations should not be disturbling unleas 1t ls elcher unnecosaary for the
result or one forgets that economle offlclency Is a moasura of micimining
rather than optimising soclal welfare. In fact, It should be remembered that
spall busliness Ia pald spaclal attentlon In formulating oconomlc regulatory
strategles ~ and thare 15 a consclous tradeoff between econpomic efficiency
and equlty conslderatlions In malntalning the viabllity of the small flrm.
Ragulatory policles almed at falrness to the warker are no less just!fled.

Having reviewed some of the distinctive Justiflcatlons for occupatlenal
or environmental health ragulatfon, tha question arlses as to the appreopriate~
neas af tradltlional costc-~benaflt technliques for making social declalona In
thls area of regulation,

Tha Appropriatencen of Cont~-Bemofit Analyaiv for Making Sootal Dectatona

Economle analyals not only helps to describe many Issues In occupational
or envlrocnmental health regulation, It alao provldes tools such as cost~
benaf It analysla for helplng evaluate the consequences of doclslons,

Some of tha major problems In using cost-benefit analysls arlse hecause
health and safety bspaflits are not easlly compared to dollar coats. Tha
markat value of human 1ifs 1s not adequataly ropreseqted In the traditional
measures of lost wegas, swarda for paln and suffaring, or wltlIngness to

B
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trade off risk of harm for lower prices In the marketplace. It Is extremely
difflcult for one to rolate to long~range, low-probabl)ity risks of harm or,
to put It another way, It Is difflcult to valua bepefits )lkely to accrue

in the future, If at all. Further, slInce the costs and beneflts of regulation
occur In different timo frames, one (38 faced with tha Inevitable difflculty

of applying an approprlate dlscount rate to ftems difficuit, [T not Impossible,
to quantify monetarily In the first place. The sltuatlon Is further
compllcated because often too Vlttle Is kpown about adverae health effects

of occupational and onvironmental hazards; yet declslons, and valuation of
these eoffects must nenatheless be made.

0fton, declalon~making has economic efflclency as Its only objective,
However, the question of who pays the coat and who reaps the benefit Is
also Important. MInlmlzlng nonrandom victImizatlon through a concern for
Indlvidunl Justlca Is a legitImate social goal which may at times confllct
with attalnment of economic afficlency. Soclaty may prafer to move away from
an economlcally afflclent polnt to have a falrer dlstributlion of costa and
benafits. Of course, different prople view what Is falr differently ~ but
thla fact makes tha consideratlion of equlity no less Important., Whatever the
alternative value judgments are as to what Is falr, tha costs should be known
for those alternatives belng consldered.

In short, coat-benaflt analyals takes no speclal notlce of the fact
that the cost and benaflt streams accrua to different elements of society.
To what extent then s cost~beneflIt useful as a ratlonal basis for actlen?

Expert consuitenta, economlsts or otherwise, have 1ltcla more to con~
tribute than other clitfzons to the evaluation of equity effects of occupar
tional health declslons. Such an evaluatlon should be made collectlively by
an Informed public and should ba a raflectlon of the socletal valuea, The
value put on equlty conaldaratfon In occupatlonal health matters has beon
oxprossed In the O5HAct and 1s, In practica, further refined and Interpreted
by the adminlatrative law and Judlclal ayacems.

B st ettt
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Yhat economlsts can do 12 speclfy the ocqulity effects, as wall as allo-
catlve aeffocts, of regulatory declslons. Desplte 1ts Vimltatlons and the
methodological problems asscclated with its use, one might think that cost-
heneflt analysls [4 at least employed In good Falth, solely as a technlcal
ald by declslon~makers. In practlce, unfortunately, thls descriptfon Is
often not the case. Cost-beneflt annlysls is often used fn ap attempt to
convince othor partles that a course of actlon {predatermined on other
grounds) s Juatifled. Value Judgments are often hldden In the assumptlons
on which the calculatlon s based, and balancing coats and boneflts wilthout
conalderation of equity |s value-laden ftaelf ~ It Is a declslon to Ignore

cqulity,

The quidallnes for halancling costs and benefits In a particular acclal
contast are often established by Irglslation. Economlc Impact analyses
then becomes useful primarily In the deslgn of cost~affective means of
ful f111ing the mandate of that legislatlon. We next examlne tha DSHAct

speciflcally.

The Mandate of the O0SHAot:

Bacause llvas and dollars are Inconmensurables, there 13 no thooretically

correct way to balance costs and benafits. Tha declalon 13 a political
declslon and Congresa has given guldance on what the proper OSHA posture
should be In aectlon 6(b) (5) of the 0SHAct,

The Secratary, In promulgating standards deallng with toxia
matarfale or harmful phystoal agonte under this subsectlon,
shall sst the standard which moat adequataly assures, to tha
extant foasthle, on tha basls of the best availabla evidaenca,
that no employsa will suffer materfal {mpatrment of health or
functlonal capaclty even [f such employee has regular cxpoaurs
to tha hazard dealth with by such standard for the parfed of

hta working lifa,

Whather or not OSHA compllies with Its mandate depends on the Interprota-
tlon of what "to the extent foaalble" implles In terms of aconomlc and tech-
nological burdena and how many workera are left unprotected. Tha term
material Impalrment can be daefined to glva n larger or smaller number of

—— e L Y A e g —— 2
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these unpreotected. Flnally, the minimum quallty of the evidence that OSHA
usas to make Its declslons will also determine the kind of standard It wil)
establIsh. "To the extent feasible" by ordlnary construction would appear
to mean that the workploce Is to be mode safe as long as the Industry Is not
Incapablo of complylng., A balancing of costs and benafits 13 to be done
heavily In favor of worker health, not necossarlly with the result that
workplace disecase s at nn'cconunlcﬂllv efficlent level.

Whatever confilclng definitlans of hearlng Impalrment have been offered,
there stlli remalns a substantial preportlon of workers harmed by efther an
85 or a 90 dPA standard, and there are approxlmately twlce as many workers
at rlsk at 90 dBA than as at 85 dBA. The baslc Issues arc: (1) whather OSHA
should, under Tts mandate, Impase additlonal costs on industry and seclety,
{2) the time frames for compllance, (3) the mix of enalncering, personal
hearing protectors, and adminlistrative controls, and (h) the deslrahlllty of
Industry~speciflc standards., It should ha emphaslzed that In 1ts proposed
standard, OSHA has declded not to use as part of materlal Impalrment the
exlsting evldence of nonaudltory harm - expeclally possible [mplications of
nolse for coronary heart dlscase.

In the setting of othar health standards, OSHA has been conslderably
more pratective of the workars In adopting refatively more stringent standards,
Further, the courts have upheld the O0SHA protectlive posture na leglalatively
daternined, In a D.C. Clrcult casa challengling the asbestos standard’,
Judga McGowan stated, In conmending on the standard of revlew:

there are arsas whera explicit factual findIngs ara not posslble,
and the act of decislon !s essentlally a prediction based

upon pure leglslatlye Judgment, as when a Congrassman decldes

to vote for or agafnat a particular bil!l. Furthermore, pollcy
cholces af thls sort are pot susceptible to the same type of
varlflcation or refutatlon by reference to tha record as are soma
factual questfons. Conaequently, the court's approach must poces~
sarlly be dlfferent no matter how the atandards of reviow ara
labelled,

Vinduatelal Ynlon Department. AFK~CIO v, Hodason. 499 F. 2d. h67 (D.C. Clr. 1974).
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In a Second Clreult case challenging the vinyl chloride standurd‘,
farmer Supreme Court-Justice Clark stated, In commenting on the asbestos
case approach, ''The problems Involved In according Judlclal review In such
clrcumstances have been wisely discussed by Judge HeGowan." In commenting
on plalntiff's contention that the avallable selentiflc ovidence docs not
support the l~ppm stondard, Justice Clark stated:

He flnd, however, that the evidence Is quite sufficlent to

varrant tha Secratary's cholee. Flrst, it must be remembared

that we are deallng here with human llves,.. Morcover the

animal oxposure study ... ldentifled fatal 1lver anglosarcoma
and othor kldney ond llver dliscazes at the 50 ppm level.

As In the 1UD [esbaestos] case, the ultimate facts hore In
dlspute are on the frontlers of aglentific knowledge, and
though the factual finger polnts, 1t doas not conclude.
Under the command of O05SHA, It remalns the duty of the
Secratary to act to protect the working man, and to act
even In clreumstances whare exlsting methodology ar rescarch
Is deflelent., The Secratary, In extrapolating the MCA
s [Manufacturing Chemlsta' Associatlon] study's findings

from mouse to man, has choaen to reduce the permisslble levol
to tha lower detectable cno, Wo flnd no error in thls respect.

O0SHA may wish to dlstingulish the nolse standard from the standards for
asbestos or vinyl chlorlde, because In the latter cases, 11fe and death
Tazues are Involved, MHowever, (1) the 05HAct does not speak In terms of
1ife and death Issues and (2) 1f OSHA glves any acknowledgment of nolse
as a general straossor and a cocausltive factor In coronary heart disense
and ather dlacases, 11fe and doath 1saues are Involved.

TSN

Tha 0SHA Inflationary Impaot Statement

b g e

Tha BBN report forms the basTs of 0SHA's economic Impact asacssment.
Havipg set out the Inherant lImitatlons In assessments of this kipd, we
next proceds to evaluate the cost and benafit basls for astabl Ishment of an
occupational nolse exposure requiation. If a cost-beneflt approach Is to
ba used, It at least ought to ba used with parallel tréatment of boneflts

and costa.

‘Tha Soclety of the Plastles fndustry, Inc. v, 05"“,509 F. 20 1301 {2nd Cir. 1975),

_ s
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3. SUHMARY OF FINDINGS

3.1 Usefulnoas of Cost-Bencflt and Economic Impact Analysls

e Cost/bencfit analysls, as usually perforined, has important iimltatlons
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for uase In clarlfying environmental/health policy cholces:

-~ Costs and benefits are generally in different units (dollars, lives,
parson~years of hearing fmpairment), occur in different time fromes,
and accrue to different groups of peopla, Comparlsons of cost and
beneflt which Ignore thase aspects of Incommeaurabillty betwoen
coats and henoflts can conceal important value choices which are
properly the provlnce of social policy declsions, not abjective
analysls.

~- Both cost and benefit cstimates generally have considerable uncer-
talnty which may not be fully conveyed In executlve summary state-

ments of results.

Given the mandata of the 05HAct, that the Secratary must set the

atandard "which, to the extent feasible,..onsures that no worker will
suffar materlal Impalrment...." and the fact that ap 85 dBA standard

will protect slignlficantly more workers than a 90 dBA standard, the
cholce of standard favel must be determined by the [1sue of feasiblllicy.
Different time-phasing for compllance may be used In different Industries,
however, In recognitlon of the different capablllitles af specifle
Industrias to comply quickly and to pravent Inordinately hlgh costs

for the henaflts recelved.

If cost/benefit analysls is to be performed for tha latter purpose
(time~phasing}, It must be performed uslng parallel treatment of costs
and beneflts, with a minlmum of other methodotogical flews. The purpose
of our written testimeny Is to illustrate propsr analytical techniques
wlith exemplary calculationa, and explore the pollcy Impllcatlons of the

rasults of those calculatlions.

3-1
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3.2 Costs

Methodolegieal Conelueionas

Raaulta

Although there are uncertalntics In the underlyling data and there

are major methodologlical Flaws In the BBN cost analysls, we halieve
that we have demonstrated that a proper mathodolegical treatment
ylalds (after-tax effects) costs of the same magnltude. Furthermore,
we belleve that the BBN estimates do provide a rational basls for the

adopticen of an occupatlonal nolae exposurs regulation,

For compliance parlods of mora than one year, the cost of nolsae
reductlon must be discounted to [t present valum,

The annual maintenance charge of 5% of capltal cost must be
included in the calculation of total compl lance costs.

The after-tax cost of complliance should be consldered in detar-
mining the effective cost of nolse reductlion equipment to
Industry.

An analysls of the compliance costs on an {nduatry~by~industry baslsa
tends to suggest a potentlal wide variatlon among Industries in the
economic burden to comply with a 90 dBA or an 85 dBA standard. This
varlation could form part of the basis for meaningful distinctlons

among induatries In selecting different compllance scenarlos. However,
In order to provide a ratlonal baals for 2atting an fndustry*by-lndustrv
atandard (should that he deslred) the BBN cost estimates need to be
conflrmed and adjusted, where necessary.

The magnltude of the effect that discounting has on compl lance
coats and the practical conslderations making immediata compli~
ance not feaslble, suggeat tha consldaratlion of &ltarnative
compl lance scenarloa with different time-phasing for compllance.

P T e
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The effect of including the costs of noise monitoring, audiometric
testIng, and hearing protectors Is to Increase the cost of comply-
Ing with a 90 dDA standard rolative to an 85 dBA standard.

The effect of oxtending the compllance perlod by & years, 10 years,
and 15 years will be to reduce the effective cost of nolse control
equipment by about 25%, 40%, and 60%, reapectively.

The effect of the incluaslon of the malntenance coat [n the cost

calculation Is te increase the BBN compllance cost estimates by
oyer K0X.

It Ts likely that ahbout half of the not ¢nats of the regulation on

Induatry will be borne indlrectly by governments In the form of
tax reductlons,

L —
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o There oxists a potentlial ly wide varlation among Industries in the
cconomie burden to comply with a 90 dDA and oan 85 dDA standard.

3.3 henaflts
Methodological Concluvions

o Bocauso nolse~induced hcaring loss Isa change from one continuous
popuiation distribution of hearing levals to another, It Is not
possible to galn a valid appractation of hearing consarvatlon
heneflts by simply calculatlng the numbers of pecople crosaing a
gqlven "fence' of hearlng levels. It [s essentlal to use a saries
of fences and detormine the numbers of Individuals falllng between
tho fences for specific poriods of time under dlfferent regulatory
options. for our computations, wa determine bensfits for threo
hoaring level ranges: 20-25 dB, 25-50 dB, and over 50 B (hearing
levals averaged at .5, 1, and 2 KHz).

® Brncause each Individual's hearlng loss reflects noise exposura
enprlancad ovar hla/har sntlrs pravious work hlatory, the ultimats
cquitlbrium lavel of hearlng consarvation bensflits will nor be
anperienced untll more than forty years aftar compliance with any
noise control regulatfon, when complete replacement of the work-
force will have taken place, It 15 therefore essentlal to exprass
hearlng conservation bhoth In terms of the ultimate equilibrium flow
af benafits (reductlion In number of workers In djfferent hearing
level ranges at any one time) and In terms of the stock of bsnefics
realized prior to equlilibrium {reduction In the parson-yoars of
lmpal rment In different hearling level ranges from the time of com~
plsnce to forty years thereafter).

8 The BBN estimate of nolse exposure In Indlvidual Industrios must
ho regarded as highly praliminary and subject to error, Properly
Intarprated, howaver, they can; (1) form the basis for asseasments
af the ovarall hearing conservation benafits llkaly to he produced

i
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by comptllance with dIfferent nolise regulations under different
assumptions, and {2) glve soms Indicatlion of how much the hearlng

consarvatlon beneflts of nolse control may vary among Industries.

The data for spaclfic Industrles need to be critically assessed,

hovover.

Ulttimate Equillibrium Flow of Benefits

If present exposures rcmaln unchanged, approximately 1.9 mlllien
vorkars wlill experience hearlng levels abova 25 dB due to Indus-
trial noise at any ona time (after subtractlon of the workers who
wll] be aver 25 dB duc to presbycusis alone). The Implementation
of a 90 dpA standard wlli reduce the number over 25 d8 hy about
770,000 and the Implemcntation of an 85 dOA standard will reduce
the number over 25 d@ by about 1,350,000,

Of this hearing Impalrment over 25 d8 whlch |5 provented, approxi-
mately 15% represents hoarlng Impalrment In the "saverc' over 50 df
category. In addition, the number of people pravented from experi-
encing 20-25 dB hearlng levels 1|2 approximately one-third as large
as tha numbar of paople prevented from experlencing hearling lavals

avar 25 dB.

Pra-~Equltibrlum BPanaflta of Different Compllance Scenarlos

Compllance with a 90 dPA standard within flve years will prevent
about 18 millien parson-years of Impalrment over 25 dB prlor to
equilibrlum {at year 45). Compliance with an B85 dBA atandard
within flve years will pravent about 30 milllon parson-years of
impalrment over 25 dB In the same time period. A two-step com-
pllance scenario with compllance to 90 dBA within Flve yoars and
compl lance to 85 dBA withln ten years will prevent about 28 milllon
persoen~years af Impalrmont over 25 d8 prior to equliibrium.
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Worker Mobility

Worker mebility (s a crucial determlnant of the size of the hearling
conservation benefits anticipated to result from regulation of
nolse levels. Higher levels of mobility substantially Increase the
Impalrment produced In the population by any given job, and the
benafits of nolse eoantrol., Difforent mobillty assumptlons can lead

to benefit estimotes differing by several fold.

Worker's Compensatlicn

The total potential savings in worker's compensation benaflts that
will accrua from elther a 90 or 85 dBA standard are small (5,28
biltfon and $.53 bllllon, respectively) when comparad to the capltal
and malntenance costs of compliance. It Ia clear that the savings
from the workar's compensatlon payments alene cannot serve as an
adaquate cconomlc Incentive for Industries to voluntarily reduce
the leval of noise exposure in the workplace.

Absentealsm

The bencflits of proevented absenteasism are substantlal. For the
90 diA standard with a five-year delay, the expected baneflts are
53.9 kil llon and for 85 dBA, 56.3 billion.

Othar Bepefits (reduction In cardiovascular discase processas,
and In annoyanca} ara plausible and, though of uncertain magnltuda,
must be Included In any complcte assessment of benefits.

3.4 Cosr/Beneflt

Cost/benafit comparisons excluding all benefits except pra-

equlllbrium hearlng conservation Indlcate that:

=~ Cost/affectivenesa for hearlng conservation of the nolse control
expenditures to reach 85 dBA in flve years Is simitar to the
cost/effoctiveness of the nolse control expenditurss needed to

Car et o —
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roach 90 dBA In five years. For the 05 diA regulation, 5840
prosent value would be spent to prevent each person~year of
Impairment aver 25 dB, and for the 90 dBA requlation $790
would be spent for eoach person-yeor over 26 dD prevented.

«= The "two=step' scenarlo (compllance with 90 dBA In five years,
compllance with 85 dDA within ten years) has a slightly better
cost/benefit ratlo ($760/person-year over 25 db prevented) than
the other scenarilos.

-~ Tho data tend to suggest wlde varlatlon in the cost/benef(t
ratlos for the different compllance scenarios In dl fferent

industries.

e Incluston of absenteclsm beneflts, tax benefits, worker's compen-
satlon and other non-auditory beneflits, all move the cost/bencfit
ratio In the direction of providing more benefits to workers at
lover costs ta flrms.

3.5 Tha Cholca of Compliance Scenarlos

Tha form of the standard must reflect not only the best avallable
technologlical and sclentific Information, but must alse consider the adnini~-
stratlve burdens of setting the standard and enforcing the law. In Section 7
wa ralsed Important Iasuwas llkaly to surface In legal challengns to whataver
standard is promulgated and enforced. The challenges may dIffer as to tech~
nologleal varaus aconomle feasihltlty, who proves something as opposed to
what needs to ba proved; and whether the challenge [s to a hroad-based
standard, an Industry-speclfic standard, or to the partlcular burden placed
on an Indlvldual flrm.

The facts would appear to mandate an ultimate compliance wich an 85 dPA
standard fn all Indusrrias,

Conaiderations of both costs and reallabl}ity support the praferenca of
englneering controis as tha primary compliance strategy, supplemented hy

AT { T AL A e R S P Abie L, en e a————— ot o [
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persanal hearling protectors and somo adminlstrat{ve controls (such as the
running of night or weekend shifts} In the Interim phase of compllance.
Some Industrles may be harder hit, Governmant pollcies favoring further
cost=sharing by soclety through tax changes and government partlcipation
In rescarch and davelopment should bo consldared If englnearing controls
impose a particularly savere burden on a substantial number of industrles.

A sllight delay In compllance time (less than five yecars) {s probably
Inevitable. If a longer delay Is deemed desirable, the standard ought to
requlre compllance with an B5 dBA standard In no longer than 10 years,
with an Interfm compllance with 90 4BA at no later than flve ycars.

Thare are dlfferences between Industries fn the economle burden likely
to be Impesed, The factors which can be used to differontiate Industries
in order to promulgate Industry~speclfle standards, which dIffer In com-
pliance tlimes, In certaln cases ara:

e cost/henafit ratlo

® cost por measure of Industry profitabl](ty

» the 1lkellhood of a technotoglcal breakthrough

» the exlatence of government assistance

o the likaly effectivencsa of proposed machinery regulatlons
e QSHA enforcement prloritles vis-a=via Industries, and

® OGHA abatement and variance posture.

In sum, wa balleve that there is sufficlent evidenca In the record to
Juatify setting an occupational nolse exposure regulation. It would not be
benaficial to walt untl) more evidence |3 required. The form of the standard
must ba such that the regulation la enforceabla and llkaly to ellcic an
effectiva rasponse by thase ragulated. The regulation must be of tha form
that can ba effectlivaly adminlstared. The damage resulting from furthar
dalay In the setting of a standard is substantial and warrants prompt and
dellbarata actlon.
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. COSTS

This sectian will avaluate the capital and malntenance cost of com-
pllance of the proposed nolse control regulatlons. A discussion of the
cffects of a decrease In the nolse level on absentesfam Is included In sectlon
5.2.1of the Deneflits sectlon. Howaver, It Is Important to realizo that
the savings from lower absentealsm could also be preperly troatod as a
raductian In the gress caplital and malntenance costa of nolsa control
aqulpmont. Flnally, the reader 15 cautloned to note the final section

on the assumptlons and llimitatlons of the caleulation and data presented balow.

4.1 Evaluation of the Cost Estimates In tha Agqragnte

White the tnflationary impact Statement ts the most complate analysis
of the nolse leval exposure and the costs of reducling the nolse In the
workplace to date, several factors muat be consldered In ordor to dator-
mine the usefulness and accuracy of the cost estimates, We conclude that
although many criticlsms of the treatment of the aggregate data are Justlfled
and certainty merit further discussion, the result of the proper treatment of
the initial cost data ylalds approximatoly the same aftar—tax cost wstimates,

Listed below In summary fashlon are the mathodoleglcal flaws prasent
In the coat estimates Included In the Inflatlonary Impact Statement.
Fatlura to Divoount Captial and Maintenanoe Expendituren Qver Proposed
Compliance Periede,

Because caplital expondlturas usually lavalve major outlays over lang
parlods of time, propar declslon=making requires the consideration of the
tlme~value of money. Dlscountlng 13 the process of converting futura pay-
ments of money Into the present value of thosae payments, Figure 4-1 Is a
graphlc vlew of the ratatlonshlp between preasnt valuo Interast factors,
Interazt ratea and tlma,

TR B R T e s et e M b e e mtemm—s =« =
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The Infiationary Impact Statemant treated the compllance costs as If
all exponditures are mada [n the seme time perfod as the standard Is promu-
lgated, The enly allowance for cost reductlon over time Is tha 3% per yoar
estimated by consldering both the firm's opportunity to replace nolay squlp-
ment through normal capltal roplacemsnt and the cost decreases from techno-
logical change In the productlon and Installatlon of nolze contrel equlpment,

If the pollcy maker |s consldaring compllance perlods of mora than one
year, then the costs of nolse reductlon must be dlscountod to [ta present
The magnitude of the effact of discounting Is demonatrated by the
fact that a dollar spont on nolan contral equipment fIftesn years from now
Ia equlvalent to 36¢ spant on nolse control aqulpment today (for discount

valus,

rate at -

7%).

Table h.1 Is a summary of the dlscounted present value of BBN compllance

coat estimates for different compllance altarnatlives,

Although the table

wl1l be discuzsed In furthar detall later, Tt !s useful to ook at the dis-
counted capltal cost column in the flrst 20 year time frama. HNota that the
Immed {ate compllance coats of an B5 dBA and 90 dBA regulation are tha BBN

P
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TADLE N1

DISCOUNTED PAESENT YALUE OF DOH CONPLIANCE

COSTS CSTIHATLSA

{RTFNRE TAK CFFLLTS)

lat 20-Yoar Time Framm 2nd 25-Yoar Tima Frems
plscounted Dlycountad | Total Tat blscounted Bacounted Total Ind ]} Total

Compllance Alrarnativa Capital Cont] Halntenance Cost*l 20 Years Caplital Cost? [ maintenanca Cost?] 25 Yaura |45 Yoars
A, Irendlate Compllance 05 dbA-=85 (0 yr.) 18,540 gtizy 14,361 1913 1106 pLIL] 3,300
A, tmmedlate Compllance 20 dDA-+30 {0 yr.) ID.S'{S 5500 16,131 1008 019 Imz 17,6k8
€. 5 yr, Compllance B85 JOA--85 (5 yr.} 1h,208 Fr2l] 1,00 1913 o6 3019 25,002
9. 5 yr. Compliance 90 dOA--40 (5 yr.) a,ns hhod 11,524 1008 619 113 Th,2hl
E. 10 yr. Compllance 85 dDA+~85 (10 yr.) 10,576 572k 16,300 1913 1104 Join 19,319
F. 5 yr. Complliance 90 d0A; within 10 yr. .

tompllanca BS dOA=-90 (5 yr.};85 (10 rl‘-)' 11,789 6306 18, 154 1913 106 019 A,1N
Q. 5 yr. Comptlanca 90 aPA; within 15 yr.

Tor] lance 85 anA=-99 (."i v 3385 115 yr.)) 10,704 5757 16,54 1913 1t06 e 19,560
He (5 yr. Compliance 85 dBA=-85 (15 yr.)} 7,754 4105 11,059 1913 106 bLIE] 14,878
Fhareming

e 3% par yoar cost reductlon for naiae control aqulpment

divcounted at rata of 7}

L]
& Incluafon af palnsenoncs charges of nolse control trestments
»

A5 yoar tima frame analysls

A0S TIEYIVAY 1S3

I'Alwmlnu cost o go from 70 dPA to 85 dDA lavels §s equal to the Incras

Malntunancs charges ars squal to 5% of cepltal) cost charges,

montal compliance costs ($7995) proyided by BON,

2 Adjustment for Cost
Reduction for Technoe
Capleml Conts loglcal Change & Inglu~ F;'GE I{:ci‘:r
slon of Nolee Contral
In pachine Pasign
To Ruach
B5 doA: 18,540 Ao A 258 ~ 31,913
To Raach
50 dBA; 10,540 n A0 X 258 = 31,0008
hmlnnnnnc- Contmy
M of Annulty  PY @ 7Y For
St of Capltal Lot I tears B TR 10 Years
85 doA-=370.0 A 11,564 n 258 ~ 31,106
90 abA=<210.8 A 11564 x L2584 -~ 3 619

£-y



AOD TIGYTIVAY 1538

H

L=}

cost estlmatos of 518.5 billion and $10.5 bil)lon, respectively. The
offect of extending the compliance period by 5 years (complisnce alter-
natives C, D}, 10 years (compllance alternative E), and 15 years (compli-
ance alternatlve H), will reduce the effective cost of nolse control equlp-
ment by about 25%, 40% and 60% reapoctively.

Maintonance Coato

Although theo Inflatlonary Impact Statement provided an estimate of
malntenance casts a3 5% of capltal costs, thn statement falled to Imprass
upon the reader the magnltude of these annual charges. f the lmmedlata
compllance cost for an 85 dBA atandard 13 $18.5 Billlon, then the malntenance
charge I $927 milllon per year for the 20~year 1I1fe of the equipment. HNote:
thls annual atrcam of malntenance costs must also be dlscounted to Its present
valua. (DIscounted maintenance cost = $9.8 billlen.)

Refering oegain to Table 4.1, the dlscounted malntenance cost column In
the flrst 20-year time frama I3 the summary of the present value of an annual
chargo for 20 yoars computed for each compllance altarnative (for dlscount
rate at 7%). The offect of the Inclusion of the malntenance coat In the cost
calculatlion Is to Increase the BBN compllance cost eatimates by over 50%.
(See column tltled "Total firat 20 years'.)

46-Year Time Frame Analyois

In order to construct a mora appropriate frame of comparlson of the cost
of nolse control with the henefit of reduced hearing Impalrment, we have ex~
tended the cost time frame analysls from 20 years to A5 years. This la the
tima perlod needed for the hearing Impalrment beneflts to roach full aquillbrium
levels, (See sactlon 5. an Bepeflta.)

The coats for tha second 25~year time frame are our heit guesses at
what tha copiteal and maintenance charges will ba after the orlalnal nalse
reduction equlpment has complateiy worn out. Calculation of thae capltal
cost were mada by flrst taking PEN estimate of capltal cost requirement
to reach the proposed atandard, adjustlng the capltal cost for gost redug~
tiona atemmlng from technologlcal change and Incluslon of noise control In
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machine desfgn, and discounting the costs to the present value.t The
effect of expanding the time frame from 20 years to W5 years will result

{n an increase of about 10% over the total for the flrst 20 years, (Compare
columns & and 3.) The relatively small sfze of this Increase 15 due to the
fact that (1) the cost wil! not be Incurred for ot least 20 years and (2) an
increased tendency away from expensive retrofit technique of nolse control,

The After Tax Cost of Complimnoc

We have not undertaken a detalled study of the tax lmplications of the
Incroases In capital expendltures and Increases In malntenance costs to be
produced by the Installation of nolse reductlon equipment, In general,
however, wa can say that [t (s 1lhkely that about half of the net costs of
the regulatlon on Industry wlll be borne Indlrectly by goveraments [n the
form of tax reductions.

Capital expendltures for nolse control offer the opportunlty for a
depracliatlion deductlon as property used In trade or busliness, §167 Internal
Revenue Code. In addlitlon, the almost certaln continuatlon of the 10%
{nvestment tax credit will further reduce the after-tax cost of the nolse
regulation to the Industry. Wlth a current corporate fedaral tax rato of A8%,
edditlonal atata corporate income tax In soma states, and the several parcent
of additlonal benefit dus to the tax credit, about half of the prevalling
dollar copltal cost will he recouped by the Industry.

Expendltures for malntenance costs will be deducted as an operating
expanse [n tha calculation of the firm’s net taxable incoma, The effec~
tlve aftar~tax coat of maintenance changes will therafore he about one-
half the before tax cosat,

The abova dlacusslon asawmes that the flrm undertaking the capltal
and malntenance expendlturas operates at a proflt and does In fact pay taxes,
To the extent that portlons of an Industry do not operate profitably
and absent any tax-carryback or carry~forward opportunities, the possibiliity
of "government participation' In the coats of nolse control wili be reduced,

#*5ea Table H.1., footnotea 3 and 4 for a prasentation of the calculatlon of
capltal and malntenance cost for the second 25~year time freme analysls.
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Uncertainties tn the Underlying Data

The followlng criticlams of a former set of BON cost estimates were pro-
sented at the public hearlngs on the proposed nolse standard, July, 1975 and
will certalnly be ralsed agaln at these hearings:

8 thc sample plants analyzed by DBN are not representativa of cach

Industry.

o the resulting Industry-wlde extrapolation of compliance cost for
the sampte firm slgnificantly overestimates/underestimates the

"true! coat of compllance.

e OBN falled to conilder alternatives to nolse control other
than retrofft. Since retrofit is a high cost nolse control procedure,
failure to conslder least-cost methods blases the cost ostimates

upward.

e OON estimate of 3% por year cost reductlon for nolse control equip~
ment, resultlng from the firm's opportunity to Introduce quletor
equipment throwgh normal capltal replacement and cost decressges from
technolaglcal change In the productlion and Inatallatlion of nolse
controt equlipment, [5 too conservativa because It largely Ignores

i economles of scale and recognizad "lcarning curves',

’ ¢« BON falled to conslder tho costs of "‘down~-time' durlng the [nstalla=-
l tlon and malntenance of nolse control equipment and decreases in
[ labor and capftal productlivity as a result of add~on nolse controf
' equlpment.
» BBN falled to consider Increases [n productivicy resulting from a
quleter work environment and the catalyst effect of nolse regulation
on the Introductlon of new and more offilclent machines.

While we find merlt In the eriticlsms expresscd above, we have chosen not to
attempt to quantlfy the effects of those critlcisms In this report.

It §s cruclal to remember that the purpose of the AAN report was to

sstlnate the aggreqate cost of compllance with tha proposed regulation. Thae
sampla of 68 flrms In 19 SIC codes was to be utl)lzed as the basls for a

e . WO
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ballpark flgurc of total costs =~ not as an Industry-by-Industry estimate of
campliance costi. Once thla polnt 1a fully comprehended, most of the above
critlcism Is not relevant to the ultimate declsion -- whether the aggregate
cast, when compared to tho beneflts, justlfied the promulgatlon of a lower
3tondard.

The polnt eatimate of the aggregate total would probably change signlfi-
cantly If all the critleized factors wera proparlty analyzed and computed.
Hovwever, If the upward and downward Liases in the data tend to be offsctting,
and the magnitude of the banaflts Juatlfy oven a "high" cost estimate, then
the declslon-maker nced only make a rough cut analysls on the dlsputed
factors as the penultimate calculatlon In the cost-benefit analysls.

Conoluaton

Ln sum, although there are uncertalntfes In the underlylng data and
there are mafor mathodotoglical flaws In the fBN cost analysis, we belleve
that wa have demonatrated that a proper methodologlical treatment yle tds
(after tax affocts) costs of the same magnitude. Furthermore, we belleve
that the BBN estimates do provide a ratlonal baals for the adoption of an
occupaticnal nalse exposura regulatlon,

4.2 Evaluatlon of Cost Eatimntes as Basla for Setting Industry-Speclflic
Standarda

As discussed oarller, tha purpose of the BBN study was to estimate the
agqregate cost of nolse control and nat to estlmate compllance cost on an
Industry-apecific basls. The authars of the study will readlly admit that
tha coit estimates are not meaningful at & two~digit levael. Discussed balow
are aaveral factors which 1lmlt the wsefulness of the cost sstimates a3 an
ald In setting Industry-apaclfic standards.
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Sampling Teohniqueu

Conversations with 80N personnel revealed that between 45-55 of the
flrms In the sanple of 68 firms wore Included because BON had been recently
retafned by those firms for nolse control projects. While the Inclusion of
thosa firms enabled OBN to construct & larger somple than would otherwise
be poasible glven the tlme and money constraints, the type of flrm that
would retaln BON I3 not neccessariiy representative of the Industry. Legl-
cally, ono could assume that the retalnlng firm would tend to bo noisler
{Why alse would It expend rosources on nolse control?) and perhaps more
praofitable {BBN reputation as high quallty-hlgh cost noise consultants} than
the typlcal flem In the Industry.

Rot surprisingly, other analysts have oxamlned the sample flrms chosen
and concluded that they are not representative of the Industry‘. The legal
requirement for setting different complliance perfods for dlfferent Industrles
Is that meaningful dlatinctions must exist among industrles, It s clear
that addit!onal Information about firma !n an Industry should be uxamlned

to determine how reprasentative of the Industry the sample Is.

Caloulation of Total Coot of Koloe Control ae a Multipla of Material Coat

In calculating the cost of nalse control for ecach sample plant, BON
first determined the total cost for acoustical material required to quiet the
workplaca, and then multiplied that total by six. This 6 multiplier ropra-
sents an average across all types of nolse control of the ratlo of tota?
cost to materlal cost. BBN has further Indicated that the range of the
mulclptiar of different types of nolss reduction equipment [s from 2 to 0,

)

‘For critleisms of the sample used In the flrit BBN report see the statement

of Ruth Ruttenbarg, economiat, on behalf of AFL=CI0 before the OSHA Publlc
Hearings on Proposed Holse Standards, July 1975, p. h=5: Analysis of
repreacntat fvonass of sample firm In SIC 20, 28, 29, 30; and;

atatement of Allan R. Ferguaon, President of Public Interest Economlic Center
hafora the OSHA Publlc Hearings on Propesed Nolse Standards, July 1975,

p. 16-23: Analyals of representativeness of sample flrms [n SIC 20, 22, 24,
25, 27, 28, 29, 30, 31, 32, 133, 34, 35, 36, 37, h3.

e s Ay T ——
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Therefore, the cost cstlmates an a two=dlglt level could posslbly he over-
estimated by a factor of 3 or underastimated by a factor of 1.7 due to thls
Imporfaction alone.

Extrapolation Taakniquuea

The Inflationary tmpact Statemont utilized capital cost per worker In
the firm a3 the metric In estimatlng the total capltal cost of compllance
wlith the proposed nolse atandard. By focuslng on the number of workers In
the flrm as a multiplior rather than physlcal equipment, the statement
lgnoras dlfferences In operating and production processes between flrms within
an Industry.

Thia cxtrapolation technique would produce different costs for quiseting
the same machinery In cases whero the slze of the work crew or the number of
oparating ahifta varlns.! A better method of extrapolation would focus on
tha number and typa of machinery. A recently completed report by BBN2
cataloguas by two-diglt S§ codes the machlnery and the polae contro) optlons
avallabie,

The suggestion of a machlnary consus approach I3 a reverslon to the
technlqua followed In an sariler BBN report”. It Is important to note a
major modiflcation ln the appraach to cast calculatlan adopted by BB since
the [asvance of that report. Propar noliae control reductlon requires quleting
only thoae machlnas to which warkers are exposed, and only to the sxtent
neceasary to limlt the workers' exposures above a deslred leval. Therofora,

a bhetter satimate of the toctal capital complianca coat for a specific Industry
can be computed by estimating the cuat of anlse control optlons avallabla
and determining the mmber and type of machlnes to which workers are exposed.

lArthur D, Little, Evajuation of tha 0SHA Nolse Contrnl

Costs Daveloped by BBN and AP, Cambridga, Massachusatta. (Working Pmpsr).

nnport Ko. 3353, D. 0. L, Oraft Report, Tha Yechnical Feaalbillity of Notsa
Control In Industry.

3Bolt, Beranek, and Newman Report No. 2671, Impact of Hofsa Contral at the
Workplace, CImbrIdga Massachusetts,

LA -
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Conaluvion

An annlysla  of the compllance costs on an Industry by industry basls
tonds to suggest a potentlal wlde varlation among Industries in the sconomle
burden to comply with a 90 dBA and 85 dBA atandard., Thls varlation could
form part of tho hasls for meaningful distinctlons among Industries In
salectlng different compllance scenarios. However, In order to provide a
ratlonal basis for setting an Industry=by=Industry standard (should that be
deslred} the BON cost estimataes necd to be conflrmed and adjusted, where

nacaeasary.

4.3 cCosts of Alternative Compllance Scenarlios

This sectlan wlll discuss the effect of extending the compllance poriod
on the cost of nolse control to the firm, Reference will be made to Table A.]
which presents compliance alternatives and the corresponding dlacounted costs.

MHecunaion of Complianae Alternatives

The magnltude of the cffect that dlscounting has on compllance costs and
the practlical considerations making [mmedlate compllance not feaslble, requires
the conslderatlon af alternative compliance scenarlos. Flgures 4.2 A-H are a
graphle presentation of the compllance scenarlas Included In Table 4.1,

Scenarios A and B represent [mmedlate compliance with an 85 dPA and
90 dPA standard. The capltal costs for the Firast 20-year time frame are the
BBN estImates of §18.5 and 510.5 billion. To these flgures were added the
discounted maintenance costs and the 2nd 25-year time frame costs to arrive
at the totals )lsted In Flgures 4.2 A and B.

Scenarios C and D represent a 5 yoar compllance perlod for the 85 dBA
and 90 dBA standard. The Investment schedule Is from the BBN estimates of
tha diatrlhutlion of nolse control capltal coats over different comp!lance
par!ods.' The effect of extending the compliance perlod by § years roducen

'BBN Report Ho. 3246, Economle Impact Analysla of Propesed Nolae Control
fequlation, Figure 3.1, p. 3=35.
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the cost of the 85 dDA regulation by $6.3 billion and reduces the coat of the
90 dBA regulatlon by $3.6 billion. {Compare Figures .2 A and D with
Figures 4.2 C and D.)}

Scenarlo E represents a 10 year compliance perfod for the 85 dBA standard.
The offect of extendlng the compllance pariod to {0 years reduces the cost of
an 85 dBA atandard from the !mmedlate compllonce cost of $31.8 bllllon to
519.3 bl lon.

Scenarfos F and G ara hybrld compllance schedules, The flrst part of
cach scenarlo |3 compllance with the 80 dBA standard withln 5 yeara. The
second part I3 a aubsequent reduction to the 85 dBA level In an additlonal
5 and 10 yeara. MNote: tho asaumption that the cost to go From 90 dBA to
85 dBA levals I3 oqual to the Incremental compliance costs ($8.8 bllllen)
provided by 8BN. We consldernd the possibllfty that incremental cost may
underestimate the costs of the second step. However, It Is Joglcal to assume
that In thoae sttuatlons whera it fs cheaper to reduce the nolae level to
lower atandard In one step, the ratfonal Induatrialist will choose to comply
with the 85 dBA standard, even though the atandard may allow a two~step
appreach to tha lower standard,

Finally, scenarlo W represents a 15 year compllance poriod for the 85
dBA standard. The affect of extending the compllance perlod to 15 yeara wili
further reduce the before~tax costs of an 85 dBA scendard from the lmmediate
compl fance cost of $31.8 billlon ta $14.9 billlon.

The flnal two graphs on Flgure 4.3 reprasent all the compliance alter=
natlvea for whlch costs ware computed. The graph on the left s signlficant
becausa it highllghts tha 4 compllanca scenarfos for which datalled bencfits
calculations were mada,

....... — - E B e e g A A G A
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COMPLIANCE SCENARIOS
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COMIPLIANCE SCENARIOS
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COMIPLIANCE SCENARIOS
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Couts of Alternative Compliatee Scenartos Industry-Dy-Industry Dasio

The methodology for calculating the costs of alternative complliance
scenarlos for tho aggregate compliance costs (s =imllarly appllcable for
dotermining the costs of the scenarios on an Industry-by-industry basls.
Table h.2 presents the costs of different compllance scenarlos for each
of the 19 51C codes.,

The reader Ts cautloned that Tabie h,2 1s lncluded to show the
poteatlal wide varlation among [ndustries In the economic burden to
camply with 90 dBA and 85 dDA standard. As discussed earlicr, {sce
Sectlon A.2), thare exists posslible limitatlons In the usefulness of
the BBN cost estimates as a base for setting Industry-speclflc standards,

A comparlson of the costs amd benefits of alternativa compllance
scenarlos on an lndustry-by-Industry basis will be presented in a
discusnion of cost/benafit, {Seo Sectlon 6).
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TABLE 4.2

TOTAL DISCOUNTED COMPLIANCE COSTSA QVER h5 YEARS
{HILLIONS OF DOLLARS, PRESENT VALUE)

Coata of Piffarent Compllance Scenarlos

Compllance Scenarlath 0 D F c
90 (Syr)

stc INDUSTRY Prazent 90_(Syr) 85_(1oayr) B5_{5yr)
20 Food end Kindred Preducta 0 777 1,730 2,264
21 Tobacco Manufacturora 0 61 113 1h2
22 Textila Hl11 Products 0 1,560 2,700 3.3
23 Apparn) & Other Tontlle Producta 1] 0 13 20
b Lunbar and Wood Froducta 0 245 1,327 1,541
25 Furniture and Flxturas 0 Afo 560 602 -l:-
26 Papar and Allled Producta 0 210 365 k19 N
27 Printing and Publlahing 0 6315 1,224 1,555
28 Chemicals and Allled Products 0 h12 &09 it
19 Patrolewm and Coal Products 0 236 o 351
n Rubbar and Plastic Products 0 155 268 131
N Lesthar and Leather Products n 0 9 14
32 Stona, Clay ¢ Glass Products n 230 416 510
1 Primery Hotal [ndustrins 0 1,804 3,211 3,954
1h *Fabricated MHotal Products Q 1,76% 1,583 2,109
35 HachlInary, except Elactrical 0 2,951 3,501 3,812
36 Electrical Equipment & Jupplies 0 136 a9t 500
a7 Tranaporsation Equlpmont 0 505 1,234 1,h19
A9 Electric, Oas & Sanitary Servicos Q 717 1,128 1,325

ALL THOUSTRY TOTAL Q 14,20 21,173 25,062

®  Dased on BBN Pata
#n  Soe Flgure 4.3 for a graphical reprasentation of the lettered complisnce scenarioa




A4CD TIEVIVAY 1538

an e R Y gy T A iy ST =T Tx"
e s T R T S T

W U S S

. e ST AT R LA TTY e T WERRL

————

=17

h.h Costs of Nolse Honltorling, Audlometric Testing, end Provislon of
Hearlng Protectors

Herotofore the compllance cost calculation Included only the capltal

and maintenance charges requlred to comply with the proposed regulation.
This saction wilt dlscuss the costs of other facots of regulatlion: cost

of nolsa monltering, cost of audlometric testing, and cast of provislon
of hearlng protectors.

Table 4.3 shows the discounted present value cost of compllance with

a regulatlion that requiras nolse monltoring and audlomatrlc testing for

these workers exposed to sound levels greatar than 85 dBA. The coat was

calculated by multiplying the BBN cost per worker eatimate for nolse
monitorlng (512 per porson)' and audlemetrle testing (520 per purson)l by
the total numbor of production workers and the number of workers exposed

to sound levels greater than B5 dBA, respectively. This flgure, which

represents the cost per year of compllanca, was then dlscounted at a rate
of 7% ovaer 5, 10, 20, and A0 years,

Tha cost of providing hearlng protectors was calculated by multiplying
tha BBN coat/par worker astimate {510 per pnraon)2 by the number of produc-

tlen workars exposed to sound levels greator.then BS dbA.

This total was
then dlacounted In the sams manner deacribed above.

It Is Important to note tha compllance costa of nolse monftaring,

audlomatrlc teating, and hearling protectors vary with alternatlve compliance

scenaripoa. A compllence scenarlo which requlres enginearing controls to

85 dBA would pot require expenditures for audlometrlic testing and hearing
protectors. A scenarlo wWith a 90 dBA compllance level, however, would

requlra expenditures for oudlometric testing and hearlng protectors {IF

required by regulsation) in addition to the <apital and malntenance compllance

Thua, the effect of Including the costs of nolse menltoring, audio-

charges,

matric testing and hear!ing protectors i3 to increasa the cest of complying
with & 90 dBA atandard reiative to an 85 dBA atandard. -!n ather words,

| .
B8N Report No, 3246, Economlc Impact Analysla of Proposed Nelse Control
Regulation, p.3~1.

2ib1d., p.3-33.
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TADLE 4.3

DISCOUNTED PRESENT VALUE OF COSTS OF MHOISE
HONETORIHG, AUDIOMETRIC TESTING AND HEARIHG PROTECTORS+*

Rollars In Hlttlons

Cost | year 5 years (10 years ]| 20 years| 40 yoars

Nolse Honltoring 174 3.4 1222.2 1843, 4 2318.9
(cost S12/worker x
1h,5 mllilon workers)

Audiometrlc Testing 102 hi.2 16,4 1080.6 1359.4
{cost $20/worker x
5.1 mllllon workers)

TOTAL Monitaring and 276 | nsne| 19386 | 2024 | 3678.3
Tostlng :
hioaring Protectors 51 209.1{ 356.2 540, 3 679.7

(cost $10/worker x
5.1 ml1llen workars)

TOTAL Hearlng Protectors, 327 1340,7 2296.8 Ih6h, 3 4358
Manltoring and Testing

*Assuming:

e cost/workar for nolse monltoring, audiematric teating and hearlng
protectors hased of PAN satimates

o 145 milllon workers In workforce; 5.1 milllon workara exposed to
acund lavals greater than 85 dBA

& discount rate at 73

e bttt o DERATE: BT RERE o o i
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the Incremental dollar savings of a loss stringent standard are reduced by

the additional costs of audiometric testing and hearing protectors.#

h.5 Assumptlons and Limltations

The followlng arc the assumptlens contalned fn our treatment of the costs

of the proposnd nolse standards in the workplace. It 1s our Intentlon to
bo as explicit as possible In stating our assumptions 2o that the recader may
modIfy the analysis as additlonal Informatlon becomes avallable or other

assumptlons appear more approprinte, We assume:

BEBN capltal cost estimates for compliance
BBN malntenance cost catlmatss equal to 5% of capltal costs
no direct assessment of labor and capltal productlvity changos

costs to go from 90 dBA to 85 dBA equal the fncremental compllance
costs (57.9 billion)

3% per year reduction In capltal cost estimated by consldaring:

1) the firm's oppertunity to Introduce quieter equipment
through normal capltal replacement, and

2) cost decremacs from technologlcal change In the preductlon
and Installatlon of nolie control cqulpment.

Note: Thls tacltly aasumes no technologlcal breakthroughs Ia
alther tha nolse control fleld or thosa industries with severe
noise problems.

Capltal costs for the 2nd 25 year time frame are equal to ABH
estimate for curront compllance adjusted by a 40 multipller for
coat reductlon for technologlcal change and inclualon of nolse
control in machlna dasign.

a dlscount rate of 72

qualitative treatment of tax implications

*Tho Important Issue of rellahllity of audlometric testing and haaring
protectors |s ralsed |n Section 8,

St
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e cost of nolsc monltoring and audiometric testing are not Included
in tha compllance cost calculation

® cost estimates do not reflect the dollar savings that would be
achleved through the use of adminlstratlve controls and posslble
usa of hearing protectors In licu of engineoring controls.
This concludes our exemination of the costs to [ndustry from complylng
wlth the proposed nolse standards. The next sectlon will dlacusa the
benefita that will accrue to the workers and to Industry from the expendl-
ture of the compllionce costs.
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5. BENEFITS

As In the caso with the costs, many of the benefits of reducing workplace
nolse can only ba estimated with considerable uncertalnty. Honethaless, 1f
care Is taken In the analysls It J3 posslble to make benafit calculations
which clar(fy the Ilkaly soclal efflcacy of different nolse standards and
compl lance scenarlos. Further, It Is posslble to clarlfy how assessments of
the beneflts changs with:

e dlfferont ways of deflnling the benofits (such as different 'fences")

e speclfic varlables (such os "worker mobl11ty'"} and assumptians.

Toward these onds, we present here tho results of some exemplary calcula-
tlons of the 1lkaly magnitude of hearlng conservatlon and some other benafits.
Theose calculations are based on tha nolse exposure data doveloped by BBNM.
Addictonally, tho hearing Impalrment astimates utlllze:

e the “equal energy rule'' to compute equivalent continuous exposures
for workers who spend portlons of thelr worklng 1lfe at different
noise levels, and

@ relationships between nolae exposure and hearlng impalrment
darived from Bnughnl

*
® tha age distelbutlon of workers in 19 industries ln 1970

Important qualifications and assuvmptions for these calculatlons are |lsted
balow In Sectlion 5.1.4 and will he olaborated in more dotall in the Appendlx
to this report.

IBaughn, W. L.: Relation Batwean Dally Nolse Expasure and Hearlng Loss Pased
on_the Evaluatlion of 6835 Industrial Nolise Exposure Cases, AMRL-TR=~73-53,
NTIS, Springfield, ¥irginla {1973).

#Thara are many differances hatween our calculations and those presented In
the Inflationary Impact Statement (1§5). Our usc of an appropriate aqe
crass~section of the population, for example, onables us to determine the
nunbers of peopla experlencing different degrres of hearlng impalrment at
any one tlme In the future,

5-1
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5.1 Hearlng Conservatlon®

5.1.1 Heasures for Defintng Denefit
Tha Concapt of "Fencea”

The mecasures used for definlng hearing Impairment have glven rise to
great confusion, some of which Is raflected In the 11S. Fundamental to a
proper understandling of hearing conservation benefits [s an appreclation
of the fact that nolsc causes a change from one populatlon distrlbution

of hearlng tevels to anether:

"LW“

with nolse
: fence

ni§hgd

:ﬂigh" fenea

Number of
Pebiple

Hearing Leve)

Essentlally the entlre poputation of workers has worse hearing because of the
Influence of nolse. Those which, without nolse, might have had excellent
hearlng are shifted so that they have less than excelient hoarlng. Those which
vilthout noiae, would have had only falr aor poor hearing have thelr hoarlng

handlcaps Increased.

The wsual practice In the past~-and that used In the |15~~has been to
draw & aingle line, or "fence', at a partlcular hearing tevel®®and determina
the nunber of people moved from one slde of tho fence to the other aide of
tha fence by the influence of nolse. Thls procedura has been
misleading because many have Interproted numbers of pecople eroasing the
single fenca a3 the total numbers of people "harmed" by a partlicular nolse
exposure~~and hence potentlally heneflted by nolse control.

#For a discusslon on the discounting of hearlng conservation benefiia

sen [,5-H). -
AfMoat commonly, the fence Is drawn at 25 dB averaged at .5, 1, 2 kHz

Ra: 150
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Thls difflculty can be mostly overcome [f, instead of usling a single
fence, a serles of fences Is used to deyerlbe the spectrum of hearing
Impalrment experlenced by the poputation under the [nfluence of nolse. In
our work, we have chosen to use fences at 20, 25, and 50 ch to determine the
numbers of people who are placed into 20-25, 25-50, and aver 50 dB "hearlng
level cateqorles" because of the Influence of nolse.M Thus we determlne
the changea [In the numbers of people experfcncling what might be dascrlibed
as "mild", "moderate" and "severe' hearlng tmpalrment for different nolse
control standards and compllance scenarlos.

Equilibrium vo. Pre-Equilibriwn Benefito

There I3 anather featurc of hearing conservation bepeflts which Is
fundamental for purposes of definition. The population distefbution of
hearing levels at any one time reflects not only prosent nolse axposures but
nolse exposuras which have been expericenced over the entlre perlod of the
population's work history., |In the caso of warkers In thelr sixtles, this
hlatory covers forty years or more. Therefore, It must be expected that even
if full compliance with a 90 dBA or an 85 dPA regulation could be achleved
at onca by the end of today, the full equillbeim change In the populatlon
distributlon of hearing levels would not ho 2een for at least forty years
Into the future, Flgures 5.1 and 5.2 show the appra:lmate rate at which
tha benofits of 90 and 85 dBA requlations (measured as the numbers of people
prevanted from belng In different hearing Jevel ranges at any one tlme)
approach thelr ultimate equllibrivm values, (Equiilbrium 15 achlaved some-
what more rapldly for the mlldar categorles of hearlng Impairment because
youngar age groups contrlbute somewhat more to these groupa and young
popufatlons coma te equllibrium faster.)

*Averaged at .5, 1, 2 kliz Re: 150, Throughout thls dlacussion, unless other-

wise atated, hearlng levals are expressed for the average of these three
frequenclos.

A%in all cases In thls work the numbars of people In those categorles due to

nolsa [s after subtraction of the people who would be A the seme categories
becausa of preshycusls alona,

The effect of Including the Ymiid" 20-25 d8 (.5, 1, 2) hearing Impalrment

category wlll ba qualltatlvely similar to tha result of using a 25 dB fence
for hearing levals defined by I, 2, 3 kHz frequencles,
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nstoek! and "Flow' Measures of llcaring Convervation lenefit

We have dealt with thls equlllbrium/pre-oquitibrium problem in the
followlng way:

e Ultimate equlbibrium neneflts are expressed with a "flow" concept-~
the number of peoplo at any one time after equllibrium who have

been praventcd from expoerlencling varfous degrees of Impalrment
(20-25 dB, 25-50 dB, ovar 50 dB) by the nofso ragulation and
compllance scenarlo under study.

e Pre~oquliibrium beneflts are expressed with a “stock' concept--
the number of person-years of [mpalrment In the three hearlng lovel
categories pravented by the compliance scenarlo before the
establlabment of the A0-~year equilibrlum,

The latter measure of benaflts can bo appropriately compared with the present
value of total compliance costs computed In the "Cost" sectlon above, since
both are "atock' measures of cumulative effecta over the sama time pnrlud.ﬂ
The former measure, showing tha ultimate flow of heneflts at equlilibrium,
should be comparad with the ultimate flew of compllance costs for malntenance
and roplagement of noise controls In the far future,

Table 5.1 shows hoarlng conservation beneflits of different complliance
scenarlos exprassed with thase two measures. |t may be noted that the
"85 dbA (5 yoars)" compliance scenarlo and the ""90 dBA (5 years), 85 dBA
{10 years)" scenarios have the same ultimate equilibrlum henefit hecause the
final compllance level of 85 dBA Is tha same, However, the flve~ycar delay
In Implementation of 85 dBA compllance between the two scenarioa Is reflected

In the largsr pre~equllibrium banefit {In person-years) of the 85 dBA (5 years)

scenario,

fFor purposes of comparlson, "equilibriun' In the calculatlons Is assumed to
occur at exactly 40 years after Inltia) compliance I3 completa (ysar 45 In
Flgure 4,3 of tha "Coat" section).
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Table 5.1

RELATJONSHIP BETWEEN TW0 MEASURES
OF NEARING CONSERVATION BENEFITS

Equilibrlum Pre~equlltbrium
Heasure Moasure
} Hilllons of Workers Hil1lona of
! Pravented From Person~Years of
Experlence Hearlng Impalrment Over
Levals Greater Than 25 dB Prevented
25 dB At Any Ona Tlime Befara Eatabllshment
Compl lance Scenarlos Aftar UltImata Equl]lhrlum of Ultimata Equllibrium
' Prosent Exposuraes Unchanged 0 0
Comply 90 dBA within 5 yra. 7 18
Comply 90 dBA within 5 yra.; 1.35 28
Comply 85 dBA within 10 yra.
Comply 85 dPA within 5 yrs. 1.35 30
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fearing Inpatment Within Diffavent lleaving Level Categorica

For simplicity, In Table 5.1 and some ather tables we have presented
results using only the "over 25 dB" hearing level category--which [s the
sum of **25-50 d0" and "over 50 40" categories. As per our carller discusslon,
for uvltImate policy purposes It must be borne In mind that hearlng impalrment
Is a contlnuum. Flgure 5.3 shows the results of expressing the ultimate
cquilibrlum benoflts in our three designated hearing level ranges. It can
be sean that of the hearing impairment over 25 dB prevented by elther the 8% dBA
or tha 90 dBA regulations, agproximately 151 represents hearing impairmant In the
savoro ‘'avar 50 dB" category.®* Further, the number of people prevented from exper-
lenclng 20-25 dB hearling levels Is approximately 1/3 as large as tha number

of peaple prevented from experiencling hearlng levels over 25 dB.

8.1.2 Factors Affecting the Benefit Calculations

Other than the nolse standard leval and compllance scenarios (which will
be covered below} the maJor varlable of Importance In determining the level
of boneflts expected from nolse control i5 worker mobillty. The dose~
response curvesﬂﬂfor nolae-Induced hearlng demage are such that the larger the
mobl 11ty of the working population--that is, the moro that tha nolsc exposure
of a glven Jab |s spread ameng a largar population by Job exchange-~the
larger the hearlng Impalrment effect of that Job on the populatlon as a whola.
Although a particular Job-exchange batwoan worker “A'" In a nolsy Joh and
worker '"8" In a quiet job will certainly reduca the probabllity that worker
A" will craoss any glven "fence'" of hearlng levael, in general the Increase in
the probabillty that worker 'B" willl cross the fence hecause of the Job-
exchange more than compensates on a population basis far the beneflt recelved
by MA", As can ba seen in Figure 5.4, thls Is truuﬂﬁﬁﬂmt=Vcr hearing lavel
cateqory |Is examined and the diffarences between calculations based on
different Indoxes of Job moblllity are very substantial.

*The pollcy maker may choose to value the prevention of Impalrment over 50 dB

more highly than the preventlen of Impalrinent In the 20-25 dB or 25-50 df
categorles.

faThat [s, the relatlonshlp between nolse "“dose™ and hearing lmpairment "responset',
*akAL least for the Baughn damage-rlsk data. Calculatlons based on the Roblnson
data are expacted to be simllar but thls requires conflrmation In future work.

The worker mabiiity caleulatlons for the 11'S are defectiva In that they seem

to neglect all tha hearlng damage produced in workers who stay at any one nolsy
Job less than 3 years.

- b a4 ——— —




FIGURE 5.3

HEARING CONSERVATION BEﬁEFlTS; AS DEFINED BY

DIFFERENT “FENCES”,
FOR DIFFERENT COMPLIANCE LEVELS

(1M MILLIONS OF WORKERS AT EQUILIBRIUM)

NUMBER OF WORKERS EXPERIENCING

HEARING LEYELS IN SPECIFIED RANGES

i

BENEFITS OF REGULATION

X

Il

] 1.5

1 A X

. MRS T ) NSY

20-25 des |

25~50 db

20-25dn I

25-50 dp

20-25 dp

25-50 48

PRESENT

COMPLY
90 dpA

COMPLY
85 d4Ba

® ALL HEARING LEVELS ARE AVERAGES AT .5, 1, 2 KMz RE: [SO.
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3
I

EFFECT OF WORKER MOBILITY ON THE NUMBER OF WORKERS
EXPERIENCING HEARING LEYELS OVER 254B AT ANY ONE
TIME AFTER THE ESTABLISHMENT OF EQUILIBRIUM

{IN MILLIONS OF WORKERS)

NUMBER [MPAIRED BENEFITS OF REGULATION
2 1 1 2 3

L i i | |

PRESENT
COMPLY 90
COMPLY 85

PRESENT
COMPLY 90
COMPLY 85

PRESENT
COMPLY 90
COMPLY 85

WORKER
MOBILITY
OF ONE

WORKER
MOBILITY
OF THREE

WORKER
MOBILITY
OF NINE

FIGURE 5.4
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For our calcutations (except where otherwlse stated) we have chosen to
use a Job mobt)lty Index of 3~-meanlng, on average that workers of all ages
In nolsy Jobs (grenter than B0 dOA) have spent an average of 1/3 of their
workling lives at the nolse level! of thelr present Job and 2/3 of thelr working
Ilves ot qulfet Jobs, (B0 dBA). Preclse determination of the actual Job
mobl ey of workers In nolsy Jobs Is exceedingly difficult from avallable
Iofornatlon, but data shown In Table 5.2 Indicates that, on average, the
general populatton of all enplayees has spent approximately 1/3 of their
working tlme on Jobs ot thelr present establlshment,

5.1.3 Benefits of Different Compliance Scenarfos
The Effect of Standard Compliance Level on Ultimate Equilibpiwn Buncfite

Table 5.3 shows the effect of various standard compliance levels on the
magn|tude of the equillbrium flow of benefits within different hearing level
categories. The axpected beneflts of an 85 dBA regulation are substantially
larger than the eapected bonefits of a 90 dBA regulation. An B5 dPA regula-
tlen wlll produce nearly a 90% reductlion In the number of workers in the
"sevara' {ovar 50 dB) hearlng impairment category dun to nolset, whereas a
90 dBA regulation wil) produce a reduction of only about 5G%. Simllar rasults
can be seen for the 25-50 dB category. Further, for the mllder 20-25 category
the beneflts of the 85 dBA regulation Increase proportlonally more than the
benefits of the 90 dBA regulation.

Benefite of tha Different Compliance Scenartol

Flgura 5.5, simliar to the Hiustratlons In the cost sectlon, diagrams
the sconarlos for which we have computed benefits, Figure 5.6 shows a 'stock”
measure {person years > 25 db) of these beneflts for the flrat forty years
after Inltial compllance {corresponding to the perlud from year flve to
year forty~five on Flgura 5.5). It can be scen that the two=slep nan {5 year),
05 (10 year)" scenarla produces about 93% of the person-years af hearing
consmrvation benefit over 25 dB as the 85 (5 year} scenarlo. We should note,
however, that because of the more rapld equilibration of the 20-25 4b

#dye to nolse™ means that the total numbers glven for present exposures are
tha additional numbers of people in each hearing level category after aub~
traction of the numbers of peopie In each cateqory due to prasbycusis alone,

RTIEPT R o

B T T L R et B ]



A400 NEYIvAY 1534

5-12

Impalcment category (sce Flgures 5.1 and 5.2) the flve year delaoy will produce
a somewhat smaller proportlion of the benefit In the 20-25 dB range (1.e. <93

Table 5.2

PROXY MEASUAE OF WORKER
MODILITY FOR DIFFERENT AGE GROUPS#

A B A+ D
Average Job
Average Number of Tonure In Years at Heasure of

Ages Years 5lnco Age 18 Current Establlshmeat  Worker Hoblllty
20-24 4 1.69 2,37
25=3h 1.5 3.84 2.99
35-h4 21.5 1.27 2.96
h5-54 n.s 11.23 2,80
55~64 41.5 Vil 2.08
over 65 50 16.05 3.12

#gased on data from "Job Tenure of Workers" January 1973, Speclal Labor
force Report 172, Table A, Age: Tenure of Current Job, January, 1973,

CAVEAT: A number of factors wlll tend to make these all-employeo averages
aver~ and under~estimate the effective job mobllity of nolse-
expaaed warkersa for heaclng Impalrment calculations:

Faator tending to produce lover effective fob mebility than

indieatad by the ali~fnduetry averagos:

~-A worker transferring from a nolsy Job at one eatablishment
to a simllarly noisy job In another establlshment s counted
as having moved for purposes of the data, Howaver, since such
& workar's nolse expesure has nat changed, no Job moblllity has
occarrad for the purpese of computing heartng Impalrment
impact,

Faator tending to produca highap effoative job mobility than

indioatnd by the all-Indwetny averagen:

-=A worker transfarring from a nojsy Job to a qulet job at the
same astabl{shment Is not counted as having moved for purposea
of the data. towever, alnce such a worker's nolae exposure has
changed, Job mobillty has cccurrad for the purposes of computing
hearing Impalrment Impact.

Faator produsing a biae of wncevtain direction:

~=Nolsa-asposed workers may have higher or lawer avarage job
mohllity than the average aof all employans.

ey T AR e



TABLE 5.3

EQUILIBRIUNA DENEFITS
OF DIFFERENT COMPLIANCE LEVELS

Workers In Ench Hearlng Lavel Range/100 Joba
fn A1l Industry Due to Nolsae#h#

Denefits Achleved by Compllance
to Spec Ifled Lovala

Hearlng Impalrment
With No Change
in Exposures

90 dDA B7.5 dDA 85 dpA B2.5 dBA
20-25 a8""*

AR 5 Y UTAY 1558

No. of Workers

% of Reductlon In
Mo, af Workaers

Per 100 Jobs 6.98 1.48 2.22 3.37 5.00
X of Reductlon iIn
No. of Warkars 21.3 3t.8 48.3 7.6
25-50 4p™™
No, of Workers
Per 100 Jobs i1.33 4.65 6.13 7.99 9.49
X of Reductlion In
Ho. of Workars 1.0 5h.1 70.5 83.8
> 50 o™
No, of Workers
Par §00 Jobha 1.597 753 . 985 A 1.453

h7.l 61.7 82.1 30.9

*UltImate Equitibrium greater than A0 years after compllancs

RAAFter subtraction of presbycusls
AHA(.5, 1, 2 KH) Ra: 150

el Ty NIRRT 1 C o T T e e

ST et e T R T i




ARJ) 3 TV HYAY LSS

B=14

COMPLIANCE SCENARIQS
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BENEFITS

MILLIONS OF
PERSON-YEARS
OF IMPAIRMENT
ovErR 25 DB
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COMPLIANCE
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HEARING CONSERVATION BENEFITS
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Benofite of Different Compliance Soonarice in Differant Industrioy

As wlll he diacussed In moro detall in the Appendix, the BBN data on
cirrent nolse exposuras In indlvidual Industries muat be regarded as
provialenal=~although they reprasent the bost Informatien avallable. Based
on thia data, Table 5.4 presenta the results of calculations of the eapected
benefit produced by Implementing the various complliance scenarlos In’dlfferent
Industriea, It I3 posalble that [T the underlying data are confirmed and
adJusted whero noceasary, slmllar calculattons might help form the basis
for ratlonal cholces batwesn different compllance scenarios for different
industries.




L

TABLE §.4%

PERSOH-YEARS OF NOISE-~INDUCED [HPAIRHIHT OVER 25 db
DURING TIE FERST FORTY YEARS AFTER ATTAIMHENT OF YEAR-FIVL COMPLIAHCE
(IN HILLIONS ©F PERSON-YEARS)

llearing tmpalrment Prevented By
Diffarant Compllance Scenarios

Compliance Sconarlof 1] 1] F
Impalrment
With Ho Changes 90 {5yr),
INQUSTRY in EMpoaures Prosnnt a0 (Gyr) a5 !Inxr]
Food and Kindred Products 3.97 0 783 1.718
Tobficco Manufacturers 158 0 .036 050
Textlla MIH) Products 1141 0 3.47 4.78
Apparal & Other Teatlla Products W96 0 017 056
Lumber and Wood Froducta 10.16 0 3.29 kb
Furniturm and Flxtures 1.95 0 .277 602
Paper and Allled Products 2,23 ] . 300 L
Printing and Publishing 2,71 0 .201 22
Chomicala and Allled Products 3.66 0 766 1.316
Petraleum and Cost Products 2.1 0 702 037
Rubbar and Flastlc Products .87 o . 296 570
Leathar nnd Leather Products 197 0 . 00A 11
Stona, Glay 4 Glena Products 160 0 .309 A76
Primary Motal Industrios 13.15 a 3,89 5.h2
Fabricated Hatat Products 5.06 1] 1,254 .92
Hachinary, sacept Electrical h.90 0 1. 147 1.757
E£lectrical Fquipmont & Svpplles .90 0 070 .208
Transportation Equlpment 3.75 0 ML 1.373
Eleceric, Gas & Sanltary Sorvices h.03 n 7 a2l
ALL INDUSTRY TOTAL 7h.75 0 17.98 .94

e

A Year-Flve {lanca corros
** San Flgura i?

for & graphlical repressntation af

da to Year~Fivae on Flgures 4.2 C,n,
the lettared com

ALY 3 19% UFAY LN d4Y ¢

[ﬂ']‘lllni::.a acenar(os.

85 (Gyr)
1,551
.08)
5.02
.068
4. 66
676
807 wn
851 ~
1.429
955
630
013
513
5.72
2.05
1.885
.2h2
1.482
1.512
13.9%
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5.1.h Assumptions and LimlItations of the Calculatlans

Timo does not permit a full exposlition herc of all the appropriste
cavoats with respect to baslc data, assumptlons, and detalled methodology
for the results presented above. In this section we shall list some of

these features which will be covered in more depth In the Appendix,

e Uncertalnties in the BBN exposure data by Industry
=~Small sample slze within industrics, possibly unrepresentatlve
~~Fallure to usec objectlve Instrumentation for nolsc measurement

~=Expresslion of employee exposures In terms of a 5 dBA time-
exposure trading rule, necessltating an uncertaln adjustment of
the data for Industrles whore nolse Intenslty fluctuates durlng
the day and the appropriate 3 dBA trading rule would glve A
substentlally different equivalent contlnuous expasurc value.

e Procedural Assumptions
-~The Paughn damage-rlsk data for predicting hearing Impairment.

~~-The equal energy rule for calculatlag equivalent continuous nolse
exposuras for populations wlith varying exposures threugh working
life.

~~The age distributlon of the worker population In the 19 Industries
in 1970 (considered, for the calculatlon to be unchangingly
reprosentative of the aga distribution of the worker population
into the far future).

~~The number of production workers cmployed will be constant over
the next forty years at levels correspondlng to 1974 average
employment In each Industry.

~~Exclusfon from consideration of people who have left the workforce
but who may bear hearlng Impalrment caused by work through thelr
retlirement yoars.

~~Worker mobility of 3 for all age groups and all Industries, HNo
distinction batween male and female workera (who may dlffer
substantially In averags mobllity).

=~Pafinltion of “compliance' with a speclfied exposure level as
bringing all employees above that level exactly down to that level.
{In ather words, for "compllance with 90 dBA" calculatlons, It was
assumed that the effoct of a 90 dDA regulatien would ba on halance
ta bring all workeras with exposures above 90 d8A o 90 dBA).

Although there are a numher of areas where the existling calculations
can ba roflned, we bolleve that such reflnements wlll not subatantially
alter tha concluslons,

e e 4 e T TR Tk YRR T T

S ekt




ALZT) TRV TIYAY 1539

5.2 Other Benoflts

Hearlng conservation Ts the benefit of nolse control about whlch we have
the most Informatlon and which we cun quantify with greatest confldence,
However, it Is by no means llkely to bo the only beneflt. Although the other
benefits of nolso control cannot be assasacd with the same accuracy as
hearing impalment, somo "best oxpocted value" or other trcatment of these
beneflts 1s esaentlal for the proper assesument of the social cfflcacy of
altornative nolac standords.

5.2.1 Ahsontealsm Coats Saved
totoe ao a Factor That Influcncse Absentactiom--Data Sourecy

Thes extenalve literature on Industrial abaentoclsm and 1ts control [n-

cludea numerous attempts to deflne cousea of absence In an effort to reduce
‘ absentealam at Its source, Among the factors which some experta belleva
: contrlbute to hlgh ahientecism are the phyalcal characterlstics of the work
environment, Including duat, heat, fumes, and nolsc.l An Increased tendency
toward absentealsm may result from workera' paychologleal avarslon to return=
Ing mach day zo an unpleasant envlrenmont, as weall a3 from any physlologlcal
" affocts to which nolse contributed,

?; Untl) racently, thare hava been no data whleh link occupational nolse
§ expasure to ‘absentealsm with sufflciont controls to [nsure slgnlficance. This Is
i becausa of tha cloae aascclation betwoen nolse exposure and athar characterlstica

; of the work population In nolsy johs (such as agqe, experlence, socjo-

ﬁ economlc status, other exposures on the Job, ate.). One study, propared hy
g the Raythson Survice Company and completed in May 1975, compared accldent,

: 11Iness, and absence rates for workers In a boller manufacturing plant who
g wera exposed to hlgh (95 dBA or highor) and low (80 dPA or lower) nolze

§ befora and after a hearing conservatlon program had heen Instltuted.® The
g banic objectlye of the study waa to detarmine |f the Increased frequency of
i

|

%

!

|John M, Knlght, How to Reduce Absenteelsm, Amerlcan foundrymen's Soclaty, 1973,
p. 11; Donald L, Hawk, TAbsentealsm and Turnover!!, Poraopnal Journa), Vol, 55,
Ho. 6 (June 1976}, p. 295.

#he Raythean atudy was sponsored by the Natlonal Institute for Occupatlonal
safaty and Health undar Contract Ho. CDC~99~7h-28, A condensed verslon of the
final reporr, entltled "Tha (nfluence of a Company Hearlng Conaervatlon Program
on Extra-Auditory Problems of Workera", prepared by Or. Alexandar Cohan of HIQSH
wad used for thls study.
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absences {and Injury and I1lness) observed In a previous study omong workers
exposed to hlgh nolse would show a signiflicantly lower absence (and Injury
ond 111lness) rate after Implementing a hearing conservatlon program Invalving
the use of hearing protectors. Workers fn both high and low nolse groups
wore made part of the program. |If oxcossive nolse were a factor contrlbutling
to Increascd absonteelsm, then It would be expected that abisences would

decraase after the nolse lpvels were reduced.

The absenteelsm data coltected over two 2-year periods (bofore and after
hearing conservation} were comparcd separately for high and low nolse qroups,
The high nolae group exhiblted a median reductlon In the total days absent
over the 2 years durfag the program from 19.7 to 7.3 days per workcr.l The
Avarage reductlon In total days absence withln the high nolse group was from
30.1 to 15.0 days per worker, Both the average and medlan reductlons In
medical days last per worker (after the reductlon In noise exposura) were
by 50% or mora.

While the Raytheon study madc scrlous efforts at control for autside
Influences, the results are tempered by varlous methodologlcal censidarations

and other factors. The lImitatlions of thls study are discussed below,

In the high nolse group, 60 out of 417 workers did not uio hearing pro-
tectors durlng the cdnservatlon pregram. Yet absences among non~users went
dovin almast a3 much as among uwsers. Tha atudy suggests that this result
could be attrlbutable to sevaral factors:

1} The "Hewtharne" affect created by Increased management Interest
In emplayee health and safety caused Increased employee attundance.2

2) The mathod for rating use or non-use of hearlng protectors by :
workers had metheodologlcal shortcomings. This classiflcatlion was
mada by three levels of supervisors (plant safety englneering staff,
IIne foremen, and research atudy staff) rather than workers themselvas.

e —————

lCohen, op. clt., pp. 12, M.
chhen, op. clt., pp. 18, 25.
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In addlitlon, the Judgments were mode at the end of the 2-3 year
program a3 to the use or non-use over the entlre perlod.I There=
fora, more workers In the high nolse group could have used ear
protection than were glven credlt for by the rating system used.
Audlometric tost dota collected after the hearing conservation
poricd suggest a more wide-spread use of heoarlng protectors than
the ratings would Indlcate. HNo signa of further deterloration In
the hearling of the hlgh nolse group woas observed after the 3-5
yoars boetween pre=-hecaring and post-hearing conservatlon audlograms

Eutimites of Radused Abusntueivm Dua to Notee

Meathodolomy

Raytheon and CPS data ware used to compute the potential rcallzable reduc-
tlon of medlcal absonces dus to nolae per manufacturfng proeductlon warker,
An assumptlon was made that the Raytheon experlence would represent an upper
bound for absentecism reductlon. The CP5 data was used to estimate nolse~
related abaence based on actual medlcal and non-medicnl ahsences of the two
51C Industrles wlth the highast and lowsst absence rates par workar per year,
The equatlon In Tabla 5.5 was developed In order to compare the more gencral
CPS data with the nolsa~speclflic Raythecon data.

In order to arrlve at a best guess of the llkely effects of nolse on
medlcal absences, It |s necessary to know the relatfonshlp of the Raytheon
sbsence experlance to the absence In the manufacturing sector. For this pur-
posa, we utlllzed absence datn summarlzed from the 1972 Current Populatlon
Survey (CP5) of households conducted by the Bureaw of the Census for the
Bureau of Labor Statlstles. It s the only source of aystematic natlonal data
on Job absences by Industry and worker chnractcrlstlc:.2 While data from em-
ployers would be preferable, fewer than two~fifths of all workdrs are employed
In flrms whlch keep absance rucord:.3 Therefora, tho CPS data, avallable by
2-dlglt S1C codes, wora utl)ized In the followlng estimatas,

]Cohen, op. clt., pp. 7, 23,

2The data have been summarfzed and analyzed by Janlce Nelpert Hodges, '"Absence
from Work~-a Look at Some Natlonal Data! Monthly Labor Revlew, Vol. 96, Ko, 7

3inid.,p. 25.
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Table 5.5

Equation for Total Reducod Hedlcal Absentealam Due to MNoise
{Per Worker Per Yoear)

A~ () (£ () (f,)a

vwhure

@ m roported average yoarly absences of full=~time production
workars [n the manufacturlng sector, based upon 1972-1973

data,

f. = reallzable fractional reductlon of absentaalsm due only
to nalse.

fy » average froction of medlical absence due to nolsc,

(f‘) (fz) » reallzable reduction In medical absence due to nolse.

fJ = fractlon of tho average total unacheduled abaences attrlb-
utable to I1lness or Injury related {madlcal) causes.

= corraction factor for the difference betwcen the ratas of
medlical absences of productlon workers and non-production

workers.

fy

(F,248,)
To establish the reallzable reduction In medlcal abscnce due to nolse

(fl)(fz) for the manufacturing sector, the assumptlon for the upper bound

Ia the 50% reductlon found for the Raytheon populatlon. For the lower

bound, the asaumptions dlffer for absences of leas than one week and abaences

of one week or longer {taken from CPS data), HNolse sxposure can he expacted to

have a larger Impact on shortar medical absencas bscause of the annoyance factor

and patentlial decrsase In wall-balng on the Joh, In the case of madicul absencaes

of one week or mora, a lower fractlon of days would be attrlbutable to nolss
(1/20). Holse [tsalf may not be the direct cause of the week~long absence
but may cause a worker who s already absont for four daya to remaln absent
for a f1fcth day, tharchy placing the reported absence Into the weokror-more

category.

e m————_
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11
The fraction of the average total unscheduled absences attrlbutable to

medical causes (f3) differs from miscellancous couses such as famlly buslness
and rosponslbll!itios, jury duty and funeral leave. For absences of one week
or more, where data were avallable only for totnl absences, the assumptlon Is
that for the upper bound 90% of long~term absences are medical, For the

lowor bound the assumptlon Is that the same fraction of week-or~more absences
are medlcal as for absencos of less than one weak. (This fractlon ts 2.9/4.7).

Ty

Regarding the correctlon factor accounting for the difference hetween
the rates of medical absences of production workers and non-production workora
(fh)' the assumptlon Is that productlon workers have twlce the long~term
absence rata (one week or longar) as non-~production workers. This approxima=
tlon ls supported by data on ahsence rates by occupation, found In Appendix

Table 5.6 [llustrates the above procadures used to compute preventable
nolaa~related absences based on Raytheon and CPS recorded absence dota. The
annual per-worker preventahble abience derived from the Raythcon study Is 6.2
days (medlan) and 4.8 (averaga). Based on Current Populatlion Survey data,
the maximum estimata for tha manufacturing Industries with potentially high
and jow absenco rates Is 3.9 daya and ,8 par worker rospectlvely, The CPS
calculations could be applled a3 weoll to SIC Industries betwoen thess ranges.

The Raythean and CPS ahsence data ara not strictly comparable without
an adJustment bacausa the Raytheon flguras are the absence prevented by
bripging down tha nolse-expoaed population to below 80 dBA, whlle the catimates
based on tha CPS data assume a reductlon from present exposure to B5 dpA.
Tha adJuatment Is made later In tha taext,

et e —— e ey iy Sm A8 P e
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Tablo 5.6

REDUCED HMEDICAL ADSEMTLEISH BUE TO HOISE
[PER WORKER, PER YEAR}

days absont

per worker

o] fyx Fa fa fy provontahla

Raytheon preductlon warkars (by reducing

full time enjiosurn to
madl¢al abpancas/yoar bolow 80 d8A)

9.65 -:—H- {medlap)

9.85 %ﬁ- (avg.)

t 6.2

1 4.8

manufacturing (evg. 20 51C) b

full tima

madlical abmences

numbar of absencan loss than ona wook

%%—'-?- uppal bound
N
% lovrar bound

(by reducing
nxposira to
85 dboa)

)
.
Djxr

N, R

o
D] xr
]

7

20 SIC codes, total workers °
full (end part;" tima

medical and non-medical ahbsences
numbors of absences of one week or
mora duratlon

A1 {SIC 21) upper haund %g_%
1.0 {SIC 27) lowsr bound ]
T

1‘3‘
57

uppar 3.9
lowar .8

»0
o=

~ 2.2

»)
=
]

Sourceny
e

® Alexandar Cohen, "Tha Influence of a Company Hearlng Conservation Frogrem on Extras
Audltory Prohlems [n Worksra," papar condenaed from flnal report prepared by the
Raythoon Service Company In Hay 1975, from a study sponserad by the Natlonal Institute

for Occupatlonal Safaty and Health.

B Janice Nalpart Hedges, ''Atsance from Work: A Look at Soma Natlonal Data," Honthl
Labor Ravlew, Val. 95, Mo, 7 (July 1973), p. 27. Basod on Buresy of Cenjus datn ¥rnm

197Z Current Population Survey.

® We mstuma part tlme workers do net contrlbute slynificantly to leng=-tarm sbrance rates.

by, ey e
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Caloulation Rooulte

The Raythecon average annual absence rate of 4.8 should be consfderad In
a proper content hoth because of the limltatlons of the study as mentloned
previously and because the Raytheon populatlon excludes workers exposed to
nolsa levals between 80 dBA and 95 dBA, Absence rates for workers exposed
within this range are uncertain. While one can postulate that less nolsy
envlronments may contrlbute to less nolse~related absence, the exact relation-
ship has not been suggested. Because 4.8 doys may be a rolatlve oversstimate for
lower nolse levels, we have assumed & halving of thls rate for every 5 dBA
reduction In enposure lower than 97.5 dBA {(sco Table 5.7 ).

Effacta of a 00 ABA Standard

Worker days saved (ln thousands) =

( 196,70 X 3 ) + { 1538.07 X 0.7 )

Workers at Days aaved Workers at Days saved
97.5 brought per worker 92.5 browght per worker
to 90 dPA to 90 dBA

= 4,786.19 days
(38,291.4 hours)

Effacta of an 85 dABA Standard

Worker days saved (In thousands) =

( ng6.10 x 3.9 )+ ( 153B.07 x 1.55 )+ { 184096 x  0.35 )

¥Workers at Days saved Workers at  Days saved Warkers ot Paya saved
97.5 brought per worker 92.5 brought per worker 871.5 brought  per worker
to B85 dBA to 85 dBA to B85 dpA

» 7,695,548 days
{61,563.8 hours)

These data are presented In ¢columns 2 and 3 of Tabla 4, along with cost
data {columns 4 and §).
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CALCULATION OF PERSON DAYS SAVED PER WORKER

Table 5.7

EXPOSED AT DIFFERENT LEVELS (DASED ON RAYTHEON STUDY)

Days Saved Par

Exposure Population Worker Per Yenr
fefare Exposcd® By Reduction To
Requlation {Thousands) Less Than 80 dDA
97.5 1196.70 4.8
24|
92.5 1538.07 2.4 31
0.7
90 1.7 3.95
0.5
87.5 1840.96 1.2 O.BSJ
035 | +
85 0.85
<80 O

*Sea Appendlix,

e e
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Using the low and high estimates for days saved based on the CP§ data
yields comparable data, also found In Table 5.8 sipnce the estimates 3.9 and
0.8 were made for the savings of bringlng the present exposed population to
85 dbA, the entrlcs for CPS data are simply In the ratlo of 3.9/3.95 and 0.8/3.95
vhere 3.95 Is the days saved In bringing the Raytheon population down to
85 dDA. (Sce Table 5.7).

It should also be noted that the Raytheon experlence Is based on the
use of hearling protectors and not englncering or administrative controls.
Cansequently, decreases In abscnce rates as a result of compllance with
engineering or adminlstrative controls may differ from those experlenced as
a result of hearlng protectors use. It can be postulated that englneering
controls, which ellminate the presumed dlscomfort assoclated with hearing
protactors, would decrease absences even more than hearing protectors. The
Raytheon study suggests the posslhllity that hearing protectors may, under
cartaln clreumstances, actually increase absentecism. The medlan abasnce
rate of the group of workera exposed to 80 dBA or lower increased by 68%
aftar the use of hearling protector:.'

Table 5.8 utlllzes proventable ahsences due to nolse for the two sots of
estimates to compute total annual savings for proposed 90 dPA and 85 dBA
requtations. The wage rate [s used as the lower bound becausa It represents: (])
the valua of the last unlt of labor assuming proflit maximlzing behavior on
the part of flrms In the Industry and, (2) 1t Ignores the costs of worker tralning
and fringa beneffts, The value added per productlion_hour 13 an upper bound

because it [s an average, not marginal, concept of the valun added per productlon
worker and [ncludes tha contributlion of other factors of productlon.

It would he unreallstic to use only thn wage rate as a proay for lost pro-
ductlion for the followlng reasons:

# Tha marginal productivity thecory of labor has two simpllifying
asaumptlona which must be further considored if the wage rate
Is used to approximate the cost te soclety of tha output lost
dua to unacheduled nolse~ralated absences: (1) workers are
assumed to ba parfectly Interchangeable and of equal efficliency,

'Cohcn, op, clt., p. 13,
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Table 5.0

CONPUTATION OF ANHUAL ADSCNTEEISH
SAVINGS UNDER DIFFERENT REGULATIONS

Hedlcal Abaence Due To Holaa

Absenteoism Savings

Total 1971 Total 1971
Praductlon VYaluao Added
Worker Wagea | Per Prod,
Elght Hour Peraon-hours {Inflatad Worker (in-
Standards Days Saved Saved to 1975, flatad to
Por Year for Yoar $ mi11lon) 1975 ,5nl 11 1on)
{in HIVVlona) | (in Hilllona) {1 hr = 55,54 [ 1 he = 520,28
Estimate fased on Absance
Reported In Raytheon Data
90 dvA Std. h, 785 38.29 2121 176.5
B85 dBA Std. 7.695 6).56 h1.04 1,240.4
Estimates fased on Absence
Reported In CPS Data
Kpper bowad -~ 90 dBA Std, h,725 37.60 209.4 766.6
85 dbA Std. 7.598 60.78 336.7 1,232.6
ITowar hound ~ 90 dBA Std. .950 7.60 h2.9 1541
fis dBa Std, 1.550 12,47 69.1 252.0
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and (2) there is total absence of monapsony power in the labor
markets, To the extent that real world considerations deviate
from the simplifylng assumptions, the wage rate would under-
estlmate the cost of lost output,

s absentoelsm §s also used In this report as o surrogate for
docreasad productivity for those workers who are physically
present but because of the high nolse levels are not working
offlciently.

¢ unachoduled noiso=related ubsences of key personncl may dlisrupt

normal preduction progesses, thus imposing additional costs on
the firm,

® loss of skilled personnel may bu accelerated by hlgher turnover
and early retirement.
Because of the above factors, both the wage rate and the valuo added per

production hour are Included in our calculatlon as bounds of the savings
from reduced absantenism,

After calculating the annual savings from reduced nolse-related absences,
these astimates were computed for a 20 and A0 year total savings. (Sce Table
5.9.) It was asaumed that the annuval savings would remaln the sems. Each
yoar was discounted to present valwe at a 73 dlscount rate and the total
savings added for 20 and 40 years respectively. The differences In savings
between & 90 dBA and 85 dBA standard for each compllance perfod were also
computead,

The beneflts of prevented absentealsm, uslng both the lower bound of
wage rate and the upper bound of value added, are substantial. Low and hlgh

. present-vaiue ecatlmatas for savings arlaing from a 90 dBA astandard are

50.6 hilllon and $10 bililon respectlvely over A0 years. Far an 85 dBA
standard, the low and high eatimates are 50.9 bl)ilon and $37 bl1llon
respectively, Tha variation betwson Tow and high savings results from a
five~fold diffarence In the astlmatns of days lost dun to nolse and a three-
fold diffarence In alternative valuations of the tost output per hour to
soclety. Elghty parcent of the total savings I3 captured by tha end of the
first 20 years of compllance,

SR e s
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Tabta 5.9

HET SAVINGS OF ADRSENTEE(SH

UNDER 90 dDA AHD B5 dBA REGULATIONS
(DISCOUNTED TO PRESENT VALUE)

$ bl1llons

Savinga Over

Savings Qver

Standards Annual Savinga| First 20 Yoars Flrat 40 Years
Aftar Compllanca |After Compl lonce
Valua V¥alue Value
Wagas Addod Wagas Added Waqas Added
Eatimata Based on llaytheon Data
9¢ dPA Standard 21 .78 | 2.26 8,22 | 2.84 | 1o
85 dBA Standard .3 1.25 { 3.6k 13.23 | 4.58 16,65
Banefits of 85 dbA
Ovar 90 dBA A3 M7 1.38 5,00 | 1.7 6.32
Eatlmatas Based on CPS Data
Upper Bound:
90 dBA Standard .21 .17 2.21 8.12 ] 2.78 10,22
85 dpA Standard 4 | 12 | 3056 12.08 | h.48 16.k6
Renafits of 85 dDA
Over 90 dpA A3 1 1.3% 4,96 | 1.70 G.2h
Lowar Bound: a
tandard 043 A6 M7 1,64 | .59 ] 2.07
B5 dPA Standard .069. .25 T2 2.66 W 3.35
Benefits of B5 dPA 1.28
ovar 90 dPA 026 .09 W25 1.02 .32

triangles are the correspending satimates for an 85 dBA standard.

e by e e gk b« e

AThe entries In tha boxea ara the high and low cost eatimates for savings

over 4Q years arlalng from a 90 dBA standard. The entrles In the Inverted
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For the purposes of estlmating most-1lkely values for calculating the
beneflt dariving from reduced absence, we use the arlthmetic mean of our
low and high eatimates, which also rcpresuﬁts haif the savings predlcted
f rom genorallzing the Raytheon results, Thus, $5.5 billlon I8 tho expocted
toneflit for a 90 dBA standard, and $8.6 billlon corresponds to an 85 dBA
atandard, all dlscounted to present value at 7%.

The calculatlon of tha 20 and h0 year savings, stated In 1975 dollars,
arc haned on the assumption that compliance with elther a 90 dBA or B5 dBA
standard would begln immedlately after the effectlve date of the regulatlon.
far compllance scenarlos whilch delay compilance § yoars after tho regulation
takes effect, the absenteelsm beneflits are reduced by approximataly 252,
for tha 90 dBA standard wilth a 5 year delay the beneflts are 5$3.9 bl11lon and
for 85 d8A, $6.3 billlon, For 10 and 15 year delays In compllancae, the
reduced benefita are $2.8 and $2.0 billlon for 90 dBA rospectively and $4.5
and 53.2 blllion for 85 dPA respectlively.

s
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5.2.2 Workers' Compensation Coats Saved

Hoise Induced hearing loss has been a much controverted workers' compen-
satlen Isauc In the last two decades. Thls is 1o part bocause [t heralded
broad inctuslon of occupational diseases Into the compensatlion system and
bocause cmployers and carriers foared large costs If a1l employies with mod-
erate hearing losa filed clalms for workers' compensation. Though far from
being reallzed, these potential costs are realistlc and must be Included in
any calculatlons of futuro beneflts dorived from the OSHA standard.

The discusslon below will [nclude the following: 1) the total poten=
tial future loys to the soclety assumlng that all those workers who would
otherwise be Impaired would have made clalms for workera' compensatlon
aftor 20 and 40 vears of compllance with a 90 dBA or 85 dBA standard,

2) an eatlmate of the current rate at which qualificd workera' do In fact
recaive componsation, utlllzing trends In the rate of increass among states,
3) varloua characteriatles of workers' compensatfon statutcs and/or hearlng
1o3s formulaa which might cause an Increase or decrease In the number of
clalms compensatad, %) other calculatlons of costs for hearlng loss, and

§) other nolse~ralated compensatlon coats assoclated with hearling loss,

Potential Workera' Compenvation Bunefita

it should ba noted that the workers' compensatlon clalms are a one-time
cost, aven. If In reallty the clalms may be spaced over a varlety of dlffor-
ent times, For the purpose of our calculations we have computed the poten-
tlal henaflts (compensatiaon costs saved) based on previously described
hearing losa* which assumes a total capture (l.e,, a total clalming) of
workers' compensation awards, However, because of variatlons fn the age
and mokll ity Into and out of the workforce, wa have ansumed that workers
would have recelved compensation payments only after they leave the works
force, Undgr a 30 dBA atandard, workers In tha Impalred population leave
the wrkforce at a rate of 2.7% per year and under an 85 dpA standacd,
at 2.8% por yoar.t* Thus, at the ond of #0 years compllance, all prasently
impalred workars leave the workforce and would have received compensation
wera It not for the standard, In additlon, a smat) number of new workers
who onter the workforce shortly after the atandard takes affect would leave

nSee hoactlon 5, 1.
#AThe . 1% difference In the two rates 1s due to the Increased age of
benoflted vworkers In the workforce at an 85 dBA atandard.
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the workforce after 40 years and also would have been ellglble for com-
pensation. The magnltude of this potentlal benefit 15 to be found 1n
Table 5.10 under the condftlons of compllance with 90 dBA and B5 dDA,

These estimates of workers' compensation savings may be a subston-
tlal underestimation of the total number of workers who might, 1n fact,
bo eliglble for compensation for nolse-induced heoring damage at some-
time in thelr carcers. The rapld advance In presbycusls-related hoarlng
loss tends to reduce the difference between nolse-exposed and unoxposed
groups at advanced age, loading to a smaller estimate of workers ellgible
for compensation than If the estimate were made at a polnt some yoors
prier to retirement.

Our calculatlans are based on no change In present compensation sche-
dules, which may offset to some degree tha Inevitable fact that not all
vorkers who will be handicapped for compensation purposas will recelve
payment. In computlng the total potentlal awards made for partial occu-
pational hearing loss, we utlllzed a maximum Income henaflit of $19,000 for
loss of hearlng In both ears as of January 1, 1976, This was derlved
from an average of the maximum benef!ts of the ten atatea with the
iargest number of production workers. Cempensatlon awards for moderate
hearing Impairment (JO dB shift over the 25 «B fence) and severo hearing
Impalerment (35 dB shift over the 25 dB fance) were caleulated using the
numbar of workera prevented from crosaing the 25 dB threshold at a 90 dbA
regulation and BS dBA regulatlon, For compensation calculatlons, "handl-
cap' |3 measured as 1-1/2 parcent for each dB loss bstween-average hearling
levala of 26 db and 92 dB, 15% handicap equallng $2,850/worker and 35%
handicap equallng $6,650/warkar, Impllclt In these calculations Is a hear-
Ing Voss compensatlon formwla of .5, 1,000 and 2,000 Hz averaged aver 25 d8,

The total petentlal savings In workers' compensatlon benefits that
will accrue from elther a 90 or 85 dBA standard are small (5.28 billlon
and $.53 blY1lon respectively) when compared to the capltal and malnten-
ance costs of compllance., 1t Ia clear that the aavings from the workers'
compensation paymenta alona cannot serve as an adequate aconomlc [ncentlve
for Industries to voluntar|ly roduce tha level of nolse expoaurs In the
vorkplace.

T
thamber of Commarce of the U,S,, Analysis af Workmen's Compenastlon Laws,

Wazhington, D.C., 1976. l
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Table 5.10

Total Potentlal Workers Compensation Paymsnts Saved
for Hearing Loss In Both Ears#

($ blillons)

Discounted to Present Valuo

$ Bitilons
Savings Over Savings Over
Standards First 20 Yoors First N0 Years

After Compllance| After Compliance
90 dBA Standard L6 .28
B85 dBA Standard .31 .53
Beneflts of 85 dBA A6 .25

over 90 dbA

Eatimate of Trenda in Qarrent Compensation Awvards

Traditlonally, the number and size of annual workers' compensation cliaima
for hearing loss have been small aa compared to other typea of disability paymanta,
Hiowever, with an Increased awarcnesas on the part of employess about health
hazards on the Job, the number of componsated hearlng loss casss Is on tha
increase, Undarstanding the rate at which ¢lalms are presently compensated
Is useful as one henchmark for potentla) future increases in hearlng lasa ;
compensation benefita. Fow atates keep dotalled statlstics on workers'
caompensation clalms or awards, Two states (New York and Wisconaln} compute
awarda data In comparahle form. Tabla 5,11 shows thair annual number of
hearing loss awards (cases closed by the stata workers' compensation board)
ond trends from 1970 to 1975, During thls perfod, hoth states had falrly
conservativa compensation statutes. Both required a six-month waiting

AThis assumes that workers would have recalved compensation payments only
aftar they leave tha workforce,
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Table 5.11

TRENDS IN WORKERS' COMPENSATION
CLAIMS FOR QCCUPATIONAL HEARING LOSS

1970-1975
Ho. of Cempensation .
voar Lases Closed Yearly % Change
Hew York* | Wlsconslna# | Hew York Wiaconsin
1970 101 57 - =
1971 106 55 05 - Oh
1972 165 82 56 h9
1973 227 82 38 00
1974 83 01
1975 151 82
Yearly
Averaqe 150 85 33 26

A5ee Appondix E~] for complete data on Mew York compensation

cases closed,

f+5ea Appendix E-2 for complete data on Wiaconaln compenaatlon

cases cloaed,
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porlod prlor to fl1lng o ¢lalm and used a .5, 1,000, and 2,000 iz formula
averaged over 25 dB. Tho apnua) pumber of caases compensated during this
peried rose well over 100% In each state. The average anpual rate of In-
crense for these two stotes was approximately 303.%  Assuming no further
ncrease In the rate, by the end of a W0 year compliance parlod the number
of awards wl1] be substantlally greater than at the present time,

Clearly, Individual 4tatos vary in the number of hearing loss awards
made annunlly. The numbers are affecteg by the sjze of the population
exposed to nolse wlthln cach state, the extent of worker awareness of nolse-
Inducad hearing loss compensatlon coverage and other Jjob health Issues, and
the compensation formula used to compute Impatrment. Trend estlmates, as
tempered by varlous factors In the 50 workars' compensation statutes and
hearing loss formula, may be responsible for both Increascs or decreases
In current clalms emong the diffarent states. They [ndlcate the possible
oxtent to whlch the real world differs from the formula assumed for the

beneflt calculatfons above.

Faators Whioh Decrease Fotfmatee of Compensation Bunefito

Hlatorlcally workers' compensation statutes have Inciuded sevaral
hlanket exemptiona. As of the cnd of 1975, three states (New Jorsey,
South Carollina, and Texas) had electlve coverage, and approximately onu=
fourth (1/4) of tha states hed oxemptions based upon the slze of the
establshment. |

Tha followlng limltatlons apply specifically to nolse~Induced

hearing loss: 2

*This trend 13 suggeative of sevoral California data which Indicate a 27%
Increase from flacal year 1974~75% to flscal year 1975-76 in the numbar of

* claima filed, (Sea Appendix E=3.)

IA.S. Hrlbal and G.M. Hipor, '"Workers' Cempensatlon~1975 Enactments,
Hoathly Labor Review, Vol. 93, Ko, 1 {January 19768), p. 30,

zThesa comparative hearlng loss requirements are derlved from Meyar S. Fox, H.D.,
"Workmen's Compeonaatlon and Medlcal-Legal Aspecta of the Occupational Nofse
Problem,'' In Proceedlings of tha Workshop on Industrial Hearlng Conservatlon,
sponsored by the Natlonal Assoclation of Hearing and Speech Agencles,
Washington, D.C,, 1971, pp. 19-20. Wharever posalble, mora recent (1975)
statutory changea ara poted,
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® Occupational hearlng losy due to continuous noisce (a5 opposed to
accldent ar trauma~Induced nolse) may not be compensable.®

® Nn enmployee may be requlred to leave work for six menths before
filing a claim for hearlng loss compensatlon.®® [n theory, thls
can occur through transfer to a non=nolsy Job, permanent layoff
or rotirement. In proctice, clalms are generally not flled
untl 1 rotirement. This may roduce tho number of clalms because
a percentage of workers elther die before retlirement or lose
contact with thelr plant durlng the waiting perlod,

® The use of a higher threshold than 25 dB to determine hearing
impalrment will lower the number of compensable clalms. For
exomple, Wisconsin utllizes a 35 dB threshold for begloning
hearlng losa,

» A number of statos elther deduct or allow for poasible deductlion
of 1/2 declhe] per yoar bealaning at around age AQ for hearling
loas due te age (presbycusis). Thus, at retlrement age of 65
or over, a worker with modarate hearlng loss (35-40 dit) might
not bo cansldered Impalred after the presbycusls has heen
deducted. This daduction also results In a reductlon of the

nunbar of sevare impalrment clalms,

® A few states compensate for total hearlng loss only M** "Total
lass' may range from 50% to 100% Impalrment.

*ha 1970 data [ndlcate thls to be true for Alahama, Colerade, ldahe,
Indlana, lowa, Loulslana, Nebraska, Mew Mexlco, Vermont, and Wyoming. {n
1975 Colorado and Loulslana changed from elective Workers!' Compensation to
compulsary Workers' Compensatlon.

##Tha 1970 data Indlcate thls to be true for Loulalana, Halne, Mlssourl,

Hew York, North Carollna, Rhade Island, and Utah, In Wiaconsin, the walting
perlod was recently raduced to two months.

##AThe 1970 data Indlcate that thnse states are Massachusetts, Michlgan, Ohlo,
and Pennsylvania,

IIli(:haurd Glnnold, "Workman's Compensation for Hearlng Loss [n Wisconsin",
25 Labor Law Journal, §93-694% (Movember, 1974),

R e whe . . a—
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Faators Which Inoréave Eotimatos of Compenuation Denclits

» The atate of Callfornla, whose manufacturlng workforce totals
8% of all U.5. manufacturlng workers, utilizes 3,000 Hz In Its
hearing loas formula. Wlaconsin also computes hearlng handlcap
uslng 3,000 Hz.

e The Fowlar=Sabfna, or AMA rule, which utlllzes .5, 1, 2, and
Hz relatlvely walghted, may Increase the mmber of clafms sllghtly.
Hearlng at 4,000 Hz |3 consideroed by some experts to contrlbute
to apeach Intelllgibfilicy. *

e The traditlonal Impalrment formula of 1.5% compensation for each
dB loss bayond 25 dB (up to 92 dB for 100% loss) may bo madifled,
For cxample, Wisconsin now allows for 1.75% compenaatlon for ¢ach
dB loss.

1t should be noted that a combination of the above factors s the
ultimate datermlnant of the hearlng loss formula of any glven atate, and
hence, of workera' compensatlon claims lovals, Although no attempt has heen
made In thla study to analyze the extent of these Individual statutory
affects, thelr aggregata Impact [3 expected to contlnwa. This I3 due ln
Jarge measure to Increasing attention Focused on the worker compensation
ayatem a3 a rosult of the 1972 report of the Natlonal Commisalon on State
Workmen'a Compensation Lews. With the threat of fedaral Intervention, 49
states nnactﬂd‘ In 1975 nearly 300 amandments to thelr compensatlon statutes
in order to conform with fedoral guldallines, Including the recent changes
described nbove. This trend I8 liksly to continue In the near future, with
hearing Joas requlrements recalving morm attention once the 05HA nolse
axposura standard I3 promulgated.

AThe 1970 data Indicate that Kenama u3sea this formula tn compute hearling loss.
Arlba! and Minor, "Workers! Compensatlion", p. 30.
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Altorative Caloulatione of* Coutu for Noise-induecd ffearing Lovw

The workers' compensatlan system was deslgned to spread the costs of
work ralated Injuries among employers, thereby reduclng thalr Individual
rlsk of large payments. In oxchange for guarantecd payments, workers glve
up thalr right to sue thalr employers under common law, except where a
spaciflc Injury or 1llness Is not covared by the workers' compensation syatem.
Thls exceptlion 13 noteworthy In the area of occupational hearing loss, par-
ticularly because the variablas of state Impalrment formulae may oxclude car-
taln types and degrees of hearlng loss from the workers' compensatfon system.
For exampie, In those states whare only taotal Impalrment is compensable,
workers must go to court to recelve damages for partlal hearing loss.

Court awarded damages are considared by some to be a batter [ndlcator
of the real value soclaty places on harm, In part because they Include com-
pensatlion for such non-pacunlary damage as paln and suffering and loas of en-
Joyment of 11fa. These Items are not usually calculated Into workers' compen-
satlon awards. When Jurles do return damage awards In hearlng loss cases,
the awards can ba substantlally larger than workers' compensation mlght other-
wise pravida, For example, one case for partial hearing loss (approxImately
35 d8) brought a Jury avard of $30,000.I Whila this atudy doas not attempt
to estimate tha extent of court awards for occupational hearing loss, this
form of compensatlon should be recoanlzed as an alternative approach to estl-
mating the benaflta derivabla from reduclng the amount of hearing loss In
the workplace,

Another Indicator of the potentlal soclal cost of hearlng loas i3 the
"purchasa cost'' of hearing. Thia mensure Is often used to astimate what the
“markat'! price of a difflcult~to~quantify Ttem would ba. The quastlons ‘‘what
would you pay to have normal hearing?" or “what would you pay not to work In
high nolsa?" Illustrate the method by which the purchase cost of hearlng loss

and high pgeolse would ba estimated. Factors such as annoyance and fruatration

lJchn Shoop v. U.S. Steal Cor «s Docket No. 3615 (Ct. of Common Plena,
AlTegheny County, Pa. T1972), The case was dlsmissed In 1975 after tha Pennsyl~
vanla Supreme Court brought a similar case within the scopa of workers' com-
psneation, Soo Hinkle v. H. J. Halnz, 337 A, 2d 907 (May 1975).




AdOD NAIVAY 1S9

5-40

vlth unintetllglble speoch and often-assoclated soclal stigma are impllelt

in such estimates,

Taken together, court awarded domages and purchase costs suggost that
vorkers' compensatlon benefits may bo an inadequate estimate of the true
cost of nofse~induced hearing loss. Workers' compensatlon awards do serve,

however, as a minlmal measure for direct heaarlng loss costs.

Other Notsa-Related Componcation Couto

Dlstlnet from types of compensation costs for occupatlonal hearlng
lass (such as worker's compensatlon, court zwarded damages and purchase
cost) are compensation to workers for indlrect effects of nolse oxposure
In the workplace. One potentlal effoct of oxcessive nolse Is an Increasas
In the aumber of Industrlal accldents duc to the masklng of warning slgnals
and an Increase In momentary gaps or errors In performance,

The Raytheon study, discussed In Sectlon 5.2.1, also measured the change
In the number of Job Injurles among workars exposed to 95 dBA and highar
after the Inltlation of a hearlng conservatlon progrem. The results
indicate that the number of Injurles went dewn 39% after the program,
vhich lncluded the use of hearing protoctors.l The number of Joh fnjufles
among vorkers In the low nolse group remalned conatant after the program,
Thla findlng contradicts the vliew that hearing protectora Increase tha pumber
of [ndustrial accldents, Thus, a reduction In the numbar of nolsa~induced
Industrla} injJurles compensated by the workera' compensation system i3 a benefit
which may ba slgniflcant. For tha Raytheon populatlon this number was .75 fewer
InJurles par worker/ year. 0f course, the range of possible Injurles and
thelr compensable value will ho varlabla. As a result, no attempt waxs
mada to quantify these benaflts,

ICohcn, op. clt, p. 13a, Tabla 3.
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5.2.3 Cardiovascular/Stress Effocts

Tha major concern over nonaudltory health effects from nolse arises
from the abllity of nolse under some clrcumstances to act as a general,
nonspecliflic blologlcal strassor. Othor than hearlng loss, nolse Is not
suspected of producing any single health problem unlque to Itself and com~
parable to the vinyl chloride anglosarcomas, the thalldomide birth defects,
or the asbestos mesothellomas. Rather the effects of noise, If any, are
Ilkaly to be distributed over a large number of common Individual cardio-
vascular and other maladles whose causatlon Is complex and attrlbutable to
other factors as wall. Nonotheless, because, in particular, cardlovascular
dlscases arc such a masslve problem in our seclety, even [f nalse ware to
Increase thelr frequency or severity by a small percentage In the exposed
population, thias would be a very substantial adverse Impact. HajJor cardlio-
vascular dfseases* account for wall over half of all deaths in the United
States, currently somewhat aver a mllllon people per ycnr.' They are atso,
by far, the most frequent cause of permanent total dlsubllf:y In those under
65, a3 measured hy Svcial Security nward:.2

In cur earller work3 we prosented a hypothesls and a detalled analysis
of the relevant sclentiflc 1lterature on the relationships bhetween noise
exposure, genoeral stress reactlons, Increased platalat adhesiveness, and
long-term cardiovascular degenerative proceases., Our concluslen was that
some contrlbution of some level of nnlse exposure to cardlovascular dlisease
was at least plauslble. The reader 15 rofarred to our carlier publication

for fuli exposition.

e e ——

*Heart attack, stroke, etc.

'Hatlonal Center for Hoaith Statlstics. Vital Statistlcs. Public tHoalth
Servica {1969},

U, 5. Department of Health, Education and Melfare. Occupational Character-
Isticas of Disabled Workera, by Disabling Conditlon, F, H, S. Pubklication
No. 1531, Superintendent of Pocuments, U. 5. Government Printing Office,
Washington, D.G. 20460 (1967),

3epa 550/9-76-007,

2
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5.2.% Annoyance as a Social Cost

That noise 13, to some degree, a net overall annoyance to industrlal
workers must be consldered reasonably beyond dispute. By and large, It
must be supposed that workers exposed to industrial nolse In the range under
dlscusslon consider ft, on balance, uppleasant or annoylng. This depression
of thelr quality of llfe is clearly a soclal cost. To tha degree that
workplace polse regulations may reduce this soclal cost, the reductlans
should enter Into an assessment of the overall costs and beneflts of these
saclal potlcles. in our carller wu}k‘ we offared some procedures for
arriving at an approximate monatary valuatlen of the reduction In annoyance
produced by particular noise regulations. Unfortunately, ta thls dato we
havae not had time to update these calculatlens using current BBN data on
astimated noise exposures.

i
| Tra 550/9-76-007.
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HOTE TO SECTION § ON
DISCOUNTING HON-HONETARY BENEFITS

The purposc of this note Is to address the problem of "discounting
hearlng conservation benefits. There are three different approaches to the
discounting of non-monctizable bencefits:

o dlscount hearing conservation benefits at the
same discount rate used 1n the monetary benefit

or cost calculatlons;

e dlscount the hearing conservation benefits but
at @ lower discount rate than that used in the

manetary benofit or cost calculotlions;

® do not dlacount hearing conservation benefits
at all.

The flrst sppreach would apply the traditional present discounted
value criterlon (sca Sectlon 4.1) to non-market Items. The approach has
the advantage of allowing parallel treatment of all costs and benaflts,

If tha discount rate Is 7%, then one yoar of hearlng [mpalrinent
prevonted today would be equlvalent to 1.4 years of hearling [mpalrment
prevented In flve years, or two years of hecarlng Impalrment prevented In
10 years, or 7.7 yoora of hearlng Impalrment prevented in 30 years.

Thus, any positive discount rate would value one year of hearlng lmpalrment

_saved In an carly year higher than one year of impalrment saved In later

Yﬂars .

The second approach would allow for discounting of non-monetizabie
benafits, but at a lower discount rate. Thls approach can he defended in
tarms of & bellaf that cartaln amenltles, such as hearlng, hecome more valuable
relative to othar goods In thla soclety as time passes and the standard of

Iiving Improves,

[J - —— -
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The foliowing relationshlp would scporate the factors affecting the present
value of hearing lmpolrment prevented:

x(l + czn

()"

whoro: x = metrlc exprossed in years of hearing
impalrment prevented

c = [nerease {n value of hearing
Impalrment prevented

r = discount rate

For small values of r and £, thls 13 equivalent to:
X
G+r-0f

Thus, the "effectlve" discount rate (r-c) will be less than the discount
rate used for monctary benefit or cost calcuiations.

The third approach wauld not discount non~monetlizable beneflts.
This result can be reached through any of three pathways,

First, there Is a question of the appropriatencss of appiylng a
dlscount rate to consequences of an actlon which has slgnlficant effacts
on future generations.* Clearly, aay positive rate of discount will dis~
eriminato In favor of cholces that Involve adverse impacts on later gena-
rations but not on earllor ones, Because the beneflts of nolse contral
extend heyond tha costa of the current generatlon, a simllar situatlon Ia
presented. {f tho declsion-makar 13 concerned with [ntergenaraticnal
cqulty then an argument could be made that the appreprlate social rate of
dlacount ia zero (@) .#n

*A complete adoption of thls argument might nat allow for discounting of
costs where tha beneflts are racelved currently and the costs are Incurred
In tater genorations. for a more complate dlscussion, ses National Acedemy
of Sclences, Declslon Making for Requlating Chemicala In the Enviropmant,
Appcndlx “, P 17?1 '

*hSea Schulda, W, (1974), “Soclal Walfare Functlons for the Futurae",

Amerlcan Economist 18(1}: 70-81; Page, T. (1975), Equitable Use of
tha Resource Base, unpublished paper.
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Secondly, the lasue of monetizing the value of humon 1ife or health
and the [asue of whether or how to dlscount non-monctary benefits are not
strictly separable [ssues., Elscountlng non-monstary beneflts Is a back-
handed way of attachlng monetary characteristlcs to non-monctary goods.
Implielt In discounting {s the notion that tho goods at any one time can
be traded off for equivalent goods at another time. In reality, few markets

exlist for thls direct trade. Tho market onists only through the monctary

exchange system which has a pathway which s clearly subject to the discount-

ing process,

Flnally, the "beneflt" of removing a porsan now from risk of
futura damage, which Is irraveraible, Inevlitable and non-arrestable
once tha rlsk exposure occurs, can bo vlewed as a present benoflt--
and quantifled, for example, a3 the benefit of removing thoze presantly
at rlsk from future harm.

We chosa not to apply a dlscount rate for hearing conservation
bonefita, not because wo are certaln that [t should he zero, hut because
we belleve tha declsion-maker should resoive the questlon himself. To
ald In thia exerclse, we present the time flow of henafits, Figurs 5.8
Is a graphical analysiz of when tha years of hearlng {mpairment prevented
would occur.A  This presentation will facllitate the discounting of
hsaring conservation heneflts ahould the reader decide dlscounting {(and
at what rate) Is appropriate.

%FTguro 5.0 is an adaptation of Flgure 5.1 and Flgure 5.2 of the Maln Report.

LT BRI T,
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6. COST/BENEFIT

In the two previous sectlons we have made varlous ostimates of the
magnitude of differont kinds of costs and beneflts, In this section wo
bring the two 3ldes of tha analysls together in ordor to help clarify the
relattonship between the costs expendad by flrms on noise control and the
beneflts accrulng to workers and firmy under different compllance scenarlos.

6.1 Cost/Banefit comparisons excluding all benafits except hearlng conser~
vation,

For almpliclity wo shall make some Inftial Incomplete compariscns among
compllance scenarias utlfllzlng enly the hearing conservation benaflts ex~
preased a3 parson~yoars of impalrment over 25 dB, As has beon covered
earller, the number of person-years of impalrment over 25 df 15 not a
complate moasure of total hearing conservatfon beneflts but It can sarve heroe
as an approxlmate Indox for purposes of Illustrating the types of comparisons

which can be made.

Flgura 6.1 I3 from the cost sectlon {Sectlon &), and shows tho dlscounted
bafore<tax costs of complliance of tha scenarloa for which benafit calculatlons
have been mada, Flgure 6.2 presents data from the henaflit section within
the sama format, Flgure 6.3 shows the results of dlviding the coit estimates
In Flgure 6.1 by the benaflt astimatea [n Flgure 6.2, Thase numbors
ropresent the dollaras oxpended to sava each person-year of hearlng Impalrment
ovar 25 d8 under the diffarent acenarlos, relative to the case case of no

change In preaont expoiurea.*

The primary conclusion from Flgure 6.3 |s that the total cost/benafit

* |t Is also possibla to computa the Incremental costa/benaflta of golng from
one compllance scenarlo to anothar, These are:

[Prasent axposures] to [90 (5 yeara}]ls 5790
{90 (5 vanra;] to [90 (5 yanrs;, 85 {10 years)]: 5760
{90 (5 years}, 85 (10 years)] to [85 (5 yoara)): 41,910
{90 (5 years)} to [B5 (5 years}]: $3900

61
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moasura used does not dlffer appreciably for the three compllance scenarios
shown. As 4 flrst approximatlion, therafora, It scems that the cost/
affectlvencas for hearing conservation of the nolse control oxpenditures
neoded to bring present exposures down to 85 dBA In flve or ten years [s
slmllar to the cost-effaectiveness of the oxpendltures neoded to bring present

oxposures down to 90 dbA.

Another kind of comparison can be made with these data. The ratlo of
the benafits of the two-step "90 (5 years), 85 (10 years)" scenarlo to the
haneflts of the one~atep "85 (5 years)" scenarlo |3 approximately 28 million
porson=years/30 m/11lon parson~years==or 93% of the benaflita of one~step
compl lance acepario. On the other hand, the ratio betwoen the cost flgures
Is somewhat less, $21.2 billlen/$25.1 bllHon~~or 84% of the costs of one-
atep complianca. The difference |a not ovarwhelmingly Impressiva, but [t
Is posalble that tha delay acenarlo I3 worthy of conslderation for soma
nolay, aconomically hard-pressed Industrica whore a somowhat larger
proportion of the benaflts may be captured for a lower proportion of the costs,

Cost/benefit comparlsons of these same types can also be done on an
Industry-by~industry bnsls~=although, because of the possibia [naccuracies
in the disaggregated data such compar(sons are 3ubjact to much larger
uncartainties than all~industry aggregate comparisons. Table 6.1
shows the results of dividing the estimates of coata for each industry
(Table 4.2) by the estimates of banaflts for Industry (Table 5.4,) for three
compllance scenarlos, Tha data tend to suggest a wide varlation In the
ralatlve cont~affectivenass of nolse control Investments In diffarent
Industries, Should auch differences persiast after conflrmation of the under~
lylng data, they csn form part of the basla for aslectlon of different
compllance scenarlos and ather nolse abatement pollcles for diffarent
aconomlc sectors, Posslbla policy optlena In respansa to such dlffarences
wlil ba dlscussed In Sectlon 8 balow,

o e B




Y-

R

P

6-3

6.2 Approaches to a more comprehenslve cost/benefit analysis

The uppermost line on Figure 6.4 15 another presentation of the same
data derived In tha previous sectlon. The lower lines Indlcate how the
analysls changes as cost reductions to fiems from absenteelsm, tax savings,*
and additional types of benefits (cardlovascular/stress offects, annoyuance
costs} ara brought Into tho cost/benofit caleulus, It Is clear that these
additlonal conslderations all take the analysis in the dlroct.lon of Tncurring
less cost per unit of benefit borne by tpc flrms,

* It must bn remembered that tha tax savings do not really sbhollah half tha
costa, as might ke Inferred from the dlagram, but mersly re-distribute them
to governmental entitios, Still the tex savings represent real reductlons
in the pat costs whlch must ba horne by flrms,
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TABLE 6.)

TOTAL _COSTA/PARTIAL BENEFIT OVER FOATY-FIVE YEARS

]
L1

flased on BON DRata
Sea Flgura 4,3 for a graphlical representation of the lettered compllance acenarios

Lompllance Sconariont 4]
sic INDUSTRY Prasent
20 food and Klndred Products o/0
21 Tabacco Hanufacturars 0/0
22 Textllm MI11 Producta 0/0
23 Apparel & Other Toxt!le Products 0/0
2h Limber and Wood Producta o/0
25 Furnlture and Flxturaa 0/0
2 Papar and Allled Froducts 0/0
27 Printing and Publlahing 0/0
28 Chemicats and Al)led Producty 0/0
29 Patrolaun and Coal Products 0/0
mn Rubber and Plastlc Products 0/0
N Leather and Leathar Products 0/0
2 Stone, Clay & Glaas Products o/Q
13 Primary Mata) Industries o/0
34 Fabricated Matal Products 0/0
is Hachlnary, except Electrical 0/0
36 Electrical Equipment & Supplian  0/0
kY, Tesnoportation Equlpment 0/0
49 Electrlc, Gas & Senltary Sarvices 0/0
ALL THDUSTRY AVERAGHK 0/0

5Tatal Cost

Pravented Parion=Yoar Ovar 24 db

1] F
90 (5yr)
90 _(Syr) b5 {10yr)
990 1,220
1,690 2,260
K50 560
1] 220
290 300
1,760 930
900 510
3,160 1,700
Sho 520
340 340
52¢ hjo
0 790
YLl é70
AG4 592
1,M10 1,030
2,570 1,990
2,800 t,800
1,070 900
1,860 920
$ 790 3 760

85 (hyr

1, k00
2,660
660
100
330
090
520
1,030
590
370
530
1,040
1,010
691
1,030
Z,020
2,070
960

940

$040
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APPROACHES TO A MORE COMPREHENSIVE
COST-BENEFIT ANALYSIS
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7. LEGAL ISSUES RELATED TO THE WORKPLACE NO!SE STANDARD

7.1 The Foaslbllity Concept and 0SHA Requlation

7.1.1 In The Standard-Setting Context

Withln the 0SHAct tho term "feasibility" Is anly mentloncd once, In Sec-
tion 6(b) (5}, which speclfies that In settlng standards O5tA must

sat the standard which most adequately assures, to the oxtent

feautble, on the basls of the bost available evidence, that

no employce will suffer material impatrment of health or

functional capaclty aven If such employee has regular cxposure

to tho hazard dealt with by such standard for the period of his

working Iife.
in fact, however, the concept of Feaslbility pervades the declsion-making
process In a varlety of contexts. The appropriateness of consldering feasi-~
bility, and the appropriate definition of the term, arc ifmportant legal matters
currently In Issue which hava speclal relevance for the workplace nolse standard.

The scopo of the term feaslbillty as used In the Act has been daflni=~
tively Interprsted through caselaw as encompasslng both technologlcal and
economlc conslderations.* The parameters of what “foaslble actunily means In
practica have alan been specified by the courts. Standards can therefore be
feaslble aven If:

1) They are flnancially burdensome to employers,

2) They affact profit margins adversaely,

3) They put Individual emplayers out of husiness

%) They require lmprovements In existing technologles or the

davelopment of new techrofogles,
Stondards coma closer to Infeaslbllity If only a few firms In an Induscry

#5ea Industrlal Unfon Department, AFL-CIO v. Hodgson, 499 f. 2d, 467 (p.cC. Cir.
1974] and AFL-CI0 v, Breanan, 530 F. 2d 109 (3d Clr, 1975)., Both cases establsh
thls polnt, relying primarily on the leglalative history of the 0SHAct a3 Justl-
flcatlon for thelr poslition,

7-1
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con achleve them or If they drastically change the competitive position of
tho Industry. They would appear, from the cases, to be Infeaslible |f they
crippte or oliminate an entiro Industry.*

7.1.2 In Varlance Procecdings

The purpose of the varlance provisions In the 0SHAct 1s to Impart a
degroe of floxIbility Into tho complianco achemo 30 as to legalize legltimate
reasons for non-~compllance In kndividual cases. In ono case, a permanent
varlance will he [ssued when tho cmployer astabllshes workplace conditlons
which are "as safe and healthful' as those specifled In regulations, even
though they are difforent (Section 6(d)). In another case, temporary vari~
ance3 wll] ba granted when an cmployer |3 "unable" to comply (Sectians 6(b) (6)
(A) and (B)). Thus, queatlons of "feaslbl)tty" enter into the equatlon eonly
vwith respact to temparary varlances.

in a varlance proceeding the Inabllity (or Infeaslblllty) to comply
cannnt bo based on grounds of economic hardshlp. This fact can saaily ba
Inferred from the Act, as It specifies only a 1lmlted numbar of acceptable
explanations for non-compllance: wunavallabllity of professlonal or technlcal
personnel, materlais, or equipment, or lack of tlme to complete necassary
alteratlions,

The variance machanism Is Important In the nolse standard context for
two reasons. First, It provides temporary ratlef from a 'technology-
forcing" standard, As mentioned above with roference to atandard~setting, a
standard which effectlvaly demands the development or adapting of new tech-
nologles can be legally Yfeaslble'. The variance machanlsm makes such a
standard practicable aa wall, espaclally during the Inltial perlod when

#Thia dlscuasion 15 a dlstillation of the 1UD case, the vinyl chlorlde
standard case, Tha Soclaty af the Plastics Industry, Inc. v. OSHA 509 F. 2d
1301 {znd Cir. T975), and International Harvester Co. v. Ruckelshaus 478 F, 2d
615 (D.C. CIr. 1973), which consideraed the competitiva climate In the auto-
moblle Industry and Its effect on the feasibllity of alr pollutlon standards.
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technologlcal changes must oceur. Second, the criterla for granting varlances
indlicate that although "feasibility" considerations In OSHA decislon-maklng
go beyond the standard-setting context, sconomle feasibility nced not contln-
wally be taken Into account. Once the Tnltlal cconomic feasiblllity of the
astandord §s established, thla argument 1s not, st least wlth respoct to

varfances, an acceptable excuse for non-compliance.

7-1.3 In Abatement Agreements

Abatement agrecments are gencrally cntored Into by 05HA and a company
after that company has been clted for violatlon of a standard. This procedure
derlves from Sectlon 9(a) of the OSHAct which speciflos that the cltatlon
establish a "reasonable" time for abatement. Violatlons of such agreements
can ho assessed penaltles under Sectlon 17(d) of not mere than $1,000 per day.®

The lasua of feasibllity--hoth economlc and technaloglcal--arises In
abatement agreements by virtus of the requirement that their time porlod bo
reasonable. Evldence concerning the economic hardshlp represented by a
cartaln abatemant schedule ls,thus, admissible In Review Commisslon hearlnga
conteating the approprlateness of the abatement schedule speclflad In a
cltatlon. (This fact was agreed to by all the coomlsslonars in the recent
Ravlew Commission declslon dealing with economlc feasibllity in cltatlions,
Contlnental Can-~sca discusslon below.)

The fact that aconomic conalderations may be taken Into account In
fashlonlng ahatement periods Is Important for the noise standard In the
following ways. Flrat It provlides an additlional mechanlsm by which to miti=~
gata hardships on an Indlvidual employer basls. Moreover, abatement

*Variatlanas on thia basle thema alzo occur. For Inatance, the much=publlclzed
American Can abatement agraement (April 1974) was a stlpulated snttlement

of three cltations which ware contestrd by the company. @SHA In that case
agroed to rofraln from further actlon on the citatlons [n exchange for the
promlsa to reduce noise exposura. Another nolse reduction arrangement was
made on a natlonal lavel between O0SHA and the Hatlonal Concrets Mesonry
Assoclatlon, under which compliance with the atandard was to he achleved by
Pecembur 31, 1976.
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agreements, especlally those implemented on a natfonal industry level, may be
o particularly usceful tool Tn comblnation with on industry-specific standard.

7.1 In Citation Contests: Continental Can and the Feasibillty of
Engincering Controls For Noise Abatement

foth the current and proposed noise standards call for englneering con-
trols as the primary means of compllance, except to the extent that such
contrels are not feas(ble, in which case personal protective cquipment will
be permitted. Infeaslbillty of englnecring controls may thus be a good
dofense to a nolse cltatlon. This questlon was the primary polnt In Issue In
the recent Contlnental €an lltigatlon {h 0SNC 1541). Continental Can wos
clted for violation of the nolse standard and pleaded In fts defense:

1} That even 1f engineoring controls were Installed on all clted
machines, the factory nolse levels would still not be wlthin
allowable 1imlts and that thercfore 1t should be relieved of [ts
responsibllity to Institute englnearing controls at all and
atlowed instead to use hearing protectors exclusively;

2) Even assuming englneering controls were required to reduce nolsc
as far a5 possible, they were infeasible In thls caso due to thelr

excessiva costy and
3) The burden of proof was In any case on OSHA to establish hoth

technoleglcal and economlc feasibility.

Tha Comlssion rullng In this case, if upheld on appeal, will have
important linpllcations for the design of the nolse standard and 1ty enforge-
ment. Flrst, it should be made clear that the declalon In no way eliminates
the duty of tha employer to Inplement englneering controls flrst ta the
extent that they are feasible sven though such controls cannot reduce nolse
tevals sufflclently. Protective devices ara stlll to bn consldered n second
rasort. The most novel aspoct of the case, howover, 13 jts holding that
economic factors are to be taken In account In reaching a determination as
to the feasibllity of englneering controls. The majority commliasloners arque
for this posture based largely on the 1UD case (dlscusscd above) which
allowed eronomlc factors to be consldered In setting feasible heatth and
safety standards. Thelr positlon Is that "feaslble" when written Into a
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promulgated standard should be Interpreted just as It has been when written
into the Act. The dissent In the case argues that "feasiblc" as used Inoa
duly promulgoted standard only means technlcal, not cconamfc, feastbillity and
that Congress dld not Intend cltatfon contests to be o case~by-case economlic
Impact asswssment. The last Important holding In the case was that the
burden of proof was on 0SHA to establlish both economlc and technical feasi-
biitey of englneering controls. (This point was objected to by the dissent
as well.)

Going beyond the Commlsston's determination of legal principles, [t 13
Important to consider Its factual findings as to feasibillty. In Continental
Lan, englneering controls were found infeaslble on the follovwing uncontradicted
evidence Introduced by the company: 532,000,000 capltal) expenditure to reduce
all plants' nolse levels to 90 dBA via englneering controls vis. 5100,000 to
do 3o vla parsonal protectlve devices.* By way of contrast, In ancther
decislon {Carnatlion Co. OSHRC Docket No. B165, Novembor 25, 1975) englneering
controls were decmed feaslble at a coat of $2.1 milllon when annual net
Incoma of the company was 379.6 mllllon. The mode of declslon-maklng speclfiad
by the Commlsalon to reach auch declsions 1% an analysls In which "all the
relavant cast and benoflt factors" are wolghed, taklng care to distingulsh
hetween hazards such as nolse whlch are not |lfe-thraatening and other
hazards which might be.

If Continental Can remnins good law on appeal, [t |5 clear that OSHA
must devise methods to meet Its burden of proving tha ecenomle and technical
foasibllity of engineering controls., Thls may perhaps best be accompllshed
on on Industry rather than on a flrm level. Feasibllity on an Industry

level can be established:
1) by setcing Industry~speclfic standards supported by solld
cost data, and
2} by negotlating Industry-wide abatement agreements such as that
coneluded with the Concrate Masonry Assoclatlon.

fTha company did not clalm that a 532 milllon expenditure would Yseriously
Jeopardize its filnanclal condltion.” Thia i3 currently the only grounds
allowed In the OSHA Fleld Operations Manwal for conslderlng economlc cosk.
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Glven the fact that varfous court cases have specifically stated that o
feaslble standard moy be burdensome or put individual cemployers out of busi-
noss, the determlination of feasibllity for an Industry taken as & whole may
ga far toward shifting the burden of proof from OSHA In individual cases.

7.2 Industry=Speciflc Standards

The optlon of drnft;ng OSHA workplace nolse requirements (o an Industry-
specl fic manner has bean considerod by 0SHA and gencrally advocated by EPA
throughout the examinatlon of the proposcd nolse standard., Nevertheless, this
optlon has been less than thoroughly analyzed thus far. There arc essentlally
threa ways by which the problem of differentiating among Industrlies could
be approached. Flrst, the mandated nolse level [tself could vary according
to [ndustry, e.g. 90 dbA for some SIC codes, 85 for others, 80 for others,
atc.  Second, a alngle uni form standard could be promulgated, but Industry

compllance time scenarlos varied, e.q. an 85 dBA stendard with 1, 2, 5, {0, or 15

yoar compllance perfods, depending on the Industry. Lastly, the mode of
compliance could vary by Industry., For example, exclusivae use of englnesring
control might bo required for some Industries and hearing protectors allowed
to varylng degrees in others, dependling on the feasihllity of engineering
controla, The legalley, deslrabllity, and practicallty of these optlons

Wl ba the subject of the followlng analysis.

The baslc legality of Industry~speclflclity In standard setting Is wall
astablished, both In the 0SHA context and In other regulatory systems. In
addition, Its feasibility I3 demonstrated by current practice. EPA has, for
exampla, promulgated many lndustry~speciflc requlrements In both tha alr and
water poliution areas. Dlfferentiation ameng Industries will also be the
basin for energy-use reductlon requlrements authorlzed by the 1975 Enaray
Pollcy Conaervation Act. Even OSHA has In tho past employed thla approach,
a3 Iilustrated by Its Occupatlonal Safety and Health Standards for speclal
Industrles: paper pulp, toxtlies, bakarles, laundrles, telecommunicatlons,

ate.n
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#5ee 29 C.F.R, Chapter XVII, Parts 1910, 261-275,
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Althaugh these cramples attest to the general feaslbillty of requlating
Industry by lndustry, they do not hear close analogy to the nolse sltuation
to the extent that they concern different hazards In different industries.
The closest resemblance to the nolse cose~-a sTngle hazard pervasive across
Industries~-1s posed by the asbestos standard set by 0SHA, The industry
difference problem wos addressed head~on by the court In the challengo to that
standard (1UD, supra). One of the polnts in Issup concerned the offcctive
date of the regulatlon==which was ta be uniform for all industrics. OSHA had
promulgated a 5-flber standard for all Industries which was to be reduced to
2-fibers for all industries after h years. Evldence was Introduced showing
that many industries could have complicd well wlthin the allaowablo h years,
NIGSH had, on the basls of thls evldence, recommended varylng standards
depending on Industry compllance capabllity. Nevertheless, OSHA promulgated
a unlform standard, largaly for reasons of practlical admlnistratlon.

The D.C. Clrcult Court, whlle upholding the gcnaral standards, remanded
for clarification or rcconslideration, the part waking the standard uniform.
In se doing, It made several very Important polnts cencernlng industry-
speciflic standards. First, the court chided 0SHA for not seeklng out and
introducing more Informatlon showing Inter~ and Tntra-Industey differences.
Second, It maintalned that [ndustry-speciflc standards "would not appcar to
croate opportunbties for employers In one Industry to challenge their stan-
dards on the grounds that standards for anather Industry were less demandlng'
{oxcept If the Industries wera directly competing). Lastly, the court
refused to accept O5HA's cryptic reference to reasons of practical adminis-
tration as justiflcatlon for uniformity. Its specific statement on the
subject |y a3 follows:

It |s poaslhle that the Secretary falied to puraus thia polnt because

he Interprated tha atatute to requira a alngle uniform standard

for reasons of practical adminiatration. |[f an, wa disagrea,

The statutory schema |s gensrally calculated to glve the Secratary

broad responsibllity for determlning when standards are required and

what thoae standards should be. If the Secratary detarmines that
meenlngful distinctlons between the compllance capablllties of various

Industrlas can be defined, he I3 authorlized to structure the
standards accordingly.
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It 1s noteworthy that to this point In the conslideration of the noise
atandard 0SHA has reJected the option of Industry=-speclflic standards for
two rcasons: admninistrotive impracticabllity, and lnequltable treatment of
workers In Industries with less strilct standards.* With respect to difflcul-
tles In administration, thla argument agalnst Industry-speciflcity scems to
have been largely disposed of by the IUD case, unless OSHA soon complles
dotalled evldence to substantiate Its clalm on this polnt. Glven the paucity
of analysls performed to date concerning thls option, one might evon argue
that Is is legally incumbent upon OSHA to conslder Industry-specific standards

hA
mora fully.

With respcet to the equity or unequal treatment problem, a varlaty of
lssues deserve further mentlon. The problem of unequal treatment of employers
In various Industrles which arises as a result of an Industry-specific
atandard was addressed dlirectly In the case of the asbestos stendard. The
court's statement on this polnt 15 quoted above. Although the court clearly
approved auch an approach, one Industry~speclfic standard which concerned It
was the effact on competlitlon which such a standard might create. Raferencs
was made, however, to other major cu:e:ﬂ** which found competitive problems
af thils sort generally applicable at the Intra~ rather than Inter~Industry
lavael. In the O0SHA context, 1t has been malntalned previously, hardshlps on
the Intra~Industry level may be dealt with by a varlety of means (a.g. varl-
ancas, abatement agreements). Thus the competitlon Issus {on alther an Intra~
or Inter~industry level) should not bo a preasing concern. The IUD court sald

as much:

#h0 Fed, Reg. 12366 (March, 197%).

#AWl thout such analysals OSHA faces a formidable legal challenge to [ts atandard
and potentlial remand 1)} on the basis of the 1UD romand In a simllar sltua-
tion, ar 2) on the basls of NEPA {and CEQ and DOL Implementing rogulatlons)
which calla for a "detailed assessment of alternatives.' A beglnnlng toward
Industry-by~Industry analysls and eatablishing the "meaningful diatinctliona”
batween Industrles is, hawever, made by the BEN analyals and the CPA work
conslidering cost and compllanca capabliitlas accordlng to 19 SIC code Industries.

Anrinternatlona) Harvester Co. v. Ruckelshaus 478 F, 2d 615 (D.C. Clr. 1973)
and Portland Cement Assoclation v. Ruckalshaus, 486 F, 2d 375 (D.C, CIr. 1973).

AL TTHYTIVAY 1838
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The only relevant quastion [In a challenge by cmployers In one
Industry] would be whother the tlme schedule established for
cach Industry would be feasible for that Industry; therefore,
comparlsons with . . . a different Industry would be polntless
unless tha two Industrles woere In compotlitlon with one anather.

Simllarly, the legal problems created by workers in one Industry com-
plalning of unequal treatment from an Industry-speclflc standard do not appear
eapeclally ssvere. Ono could slmply apply the court's rcasoning in 1UD
concerning cmployers to the employcas' context, and thls mlght prove a
sufficlent answer. Horcover, If In answer to such complalnts OSHA wore to
set a unlform, loss protective standard rather than one which I seleactively
strict according to Industry compllance capabllity, It3 actlon would In this
case be open to characterlzatlion as equally unprotective troatment for all.

It Is, therafore, entirely posslble (given the wide variation ameng Indus~
trias) that an Induatry=specific standard, drafted according to conslderations
of individual Industry feaslblllty, could he, In the aggregate, more protecn
tive of workers than a alngle uniform standard which would, legally, have to
meet tha feasibllity test with respact to the lowsst common denominotor of

#
industries.

A last Yaquity" question to be consldered Is the efficient allocation
of resources to affectuate mandated secial goals. fPut more concretely, If
the goals of general economic feaslblllity and worker protection are hoth
present In tha 0SHAct, the moat sfflclent way to achleve them both may be to vary
the mandated levals of nolse protection (beyond a cortaln minlmum which
should ba unlversal) according ro the feasibility of achleving greater lavals
of pratectlon. In short, It may he most “equitable" to Impose vary atrict stand-
ards for Industrles capable of meating them cconomically feasthly.

AThe Constitutional problems of aqual protection which mlght arlse In this altu-
atlon ara not espaclally troublesome. The appropriato test to ba applled
vwould ba whather thera ware a ratlonal baals for discinctions among Industrilas.
The strilcter Justificatlon for leglalative actlon, “conmpelling governmental
Intereat!" Is only applled whera thera I3 a “suspect™ clasaification {Industry
diffarencos are noty or where a "fundomental rlght! la‘lnvelved. |f workers!
{or pubifc) health wore to galn Judlclal racognltlon as a fundamental right,
an Industry~epecific standard which In affect granted unequal treatment mlght
ba forbldden, but this Is not the pressnt state of the law.
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7.3 Conclusions

It 15 apparent that the discusslon to date concerning Industry=specific
atondards has been deflclent In 1ts depth and seriousness. OSHA's oxomina-
tion of thla alternatlve has been rather cursory and Ita reasons for rejec~
tlon conclusory. A fuller conslderation of this option is clearly required
by existing legal autharbty: 1) HEPA and Its implementing regulations, which
unamblguousty outlline the alternatives sectlon of an Impact statement and 2)
the Induatrlial Unlan case, whilch held that Industry-speciflclity in health
standards must bo explored before a unlform standard can be sct. Part of
this analysls has been attempted In thias report.

Horeover, on the basls of the OSHAct It¢self, past agency actlons under
It, and the relovant casclaw, 1t appears that OSHA has perfect legal compe-
tence to promulgate regulations In the Industry-specific form, The
Industrial Unlon case made It clear that an laequlty tn troatment of diffsrent
Induatries Is not a legal Impediment; and administrative difflculty Is
alml larly not a persuaalve legal argument without some data to support thls
assortion, Moreover, the exlatence of a group of Industry~specific standards
currently In force atfests to both the legallty and practicability of this

optlon.

Thls belng the case, the kay to the analysis of Industry-specific
atandards 1s whether "meaningful distinctlons' exlat among Industrlas auffi-
clent to Justify different baale standards, dIfferent compllance perlods, ar
different modes of compllance. The distinctions which must exlat essentlally
concearn the “feaslbllity" of atrlcter atandards for soma. Thus, to quote
the I1UD court, tha flnal "relevant question' 1a Feaslhllity.

The feaslblllty of differlng compliance acenarlos according to industry
has In part been demonstrated by the earller analysia In thls report. The
problem of feaslblllty of compllance on a firm-by-flrm basla (a conslderation
nacestary If the Cantlnental Can daecislon Is uphaid) has ymt to be satlisfac-
torlly resalvad.

Part of the solutlon to the Individuai firm feaslbllity problem lles In
sound usa of oxlsting mechanisma allewlng regulatory flexibllity=~varlances
and abatement agrecments, The aolutlon to the additional problem of OSHA's

L P TS I
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legal burden to prove such feasibllity on a casc-by-case basls may again ile
In an industry-level approoch. §f feaslble Industry-speciflic standards aro
promulgated and upheld, and If foaslble abatement agrecments or Industry-
level abatement guldelines are adopted, the effective burden of proof may
shift from OSHA to flrms to prove that thelr case I3 compalling enough to
warrant an exception to the general Industry rule.

7.h Ethyl Corporatlon v, EPA

The Ethy]l Corporation 1itigatlon was a contest of the regulatlons by
which EPA sought to reduce lead content In gasoline. Tha case has major
slgnificance for environmental or health regulatory ngencles In geperal, but
It 153 of more 1Imited ralevance with respect to the OSHA workplace nolsc
standard. Tho primary Issue In Ethy} Corp. was the authorlty of EPA to
regulate whon such actlon was based only on a finding that lecad additlves
represented a Yslgalficant risk of harm' rather than on proof of actual harm.
{The statutory direction In the Clean Alr Act allows the agency to control

of prohlbit fuel additives which "wl11 endanger the public health or welfara,")

The B.C. Court of Appoals upheld EPA's actlen, afflrming its clght to take
preventive measurecs based on 1ts asseasment of risk even In a situatlon
whera concluslve factual findings ware difficult If not Impossible to obtaln
dus to the aclentlflic uncertalntles surrounding tha Issus. A second
Importont polnt In §as5ue was whether EPA could Justiflably requlate the lead
content In gasollne even though the lead ndditives Incrensed the potential
harm enly Incrementally in that other sources of lead presumably contributed
tha major portion of humen exposure. Agaln, EPA's authority In this regard

vwas conflirmed.

in an important respect the Ethyl Corp. aituation does not hear close
analogy to workplace nolse contro), slnco in the latter cose the ndverse
of facts of nolse eapodure on hearing are relatlvely well documented and
understood, {On the other hand, when conaldering the non~audlitery effects
of nolse, the questlon of an agency's authority to guard agalnst uncertaln
potentlal harm |s certainly cogent.) However, the lasus of cumuiative
datrimental affect, the aecond mjor polnt In Ethyl Corp., I3 algnificant
in the nolse context. The clear message of Ethyl Corp, I3 that regulatory
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agencles have the responsibllity to reduce to the extent fonslble those
hazards which fall within thele Jurisdictlen even though thore may he signi-
flgant causative factors which lle beyond thelr control. With respect to

the nolsa standard, thls polnt s relavant to the problems of presbycusis and
ospaclally seonsitive Indlviduals. The Ethyl Corp. ratlonale would gsoem, In
theso contexts, to Indlcate that OSHA may deslgn its standard so a3 to
prevent In unusually situated Individuals a cumulatlvely Induced handicap,
Irrespoctiva of the fact that the workplace exposure may only represent an
Incremental additlon to the handlcap's causatlon,
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8.  POLICY ISSUES AND A CHOICE QF COMPLIANCE SCENARIOS

8.1 Recopltulation of Findings
o  Although there are uncertalntles In the underlylng dota and thero
are majar methodological flaws In the BON cost annlysls, we believe
that we have demonstrated that a proper methodological treatment
ylalds (after~tax offects) costs of the same mognitude. Furthermore,
wa belleve that the DUN estimates do provide a ratlonal basls far the

adoption of an occupatlonn) noise exposure regulatlon,

e An analysls of the compllance costs of an Industry-by-industry basls
tends to suggest a potential wide varlatlon among Industries In the
economic burden to comply with a 90 dBA or an 85 dBA standard, Thls
varlatlion could form part of the basis for meaningful distinctions
among Industries In selecting different compllance scensrios. However,
In order to provide a ratlonal basls for setting an i{ndustry-by-Industry
standard (should that be deslred) the BBN cost estimates need to bo

| conflrmed and adjusted, where necessary.

® The magnltude of the effect that dlscounting has on compliance costs
and the practical conslderatlions making Immedlate compllance not

! feaslble, sugqest the conslderation of alternative compliance scenarlos

=‘ with different time-phasing for compllance.

o It s Mlkaly that abovt half of the not costs of the ragulation on
industry will he borne Indlrectly by governments In the form of tax

etw o1 e

reductions.

.y

e The BBN estimate of nolse exposurae In Individual Industries must be
regarded as hlighly prallminary and subject to error. Properly [nter- .
prated, howevar, they can: (1) form the basls for assessments of
the overall hearing conservatlon beneflits llkely to bs produced by
compliance with dlfferent nolse regulations under different assump-
tlans, and (2) glve some Indlcatlon of how much the hearlng conserva-
tlon beneflts of nolse control may vary among Industrles. The data
for speciflc Industrles need to be critically assesased, howaver.

B-1
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Ultimate Equllibrium Flow of Beneflits

If present exposures remain unchanged, epproximately 1.9 mlllion
workers wlll experlence hearing lovels above 26 dB due to [ndus-
triat nolse ot any one time (after subtraction of thae workers who
wl 1] be over 25 dB due to presbycusis aloene), The implementation
of a 90 dBA standord wll) reduce the number over 25 dB by about
770,000 and the Implemantation of an 85 dBA standard will reduce
the number over 25 dB by about l.35q.000.

Of this hearing impalrment over 25 db which Is prevented, approxl-
mataly 15% represents hearlng Impalraeat In the “severe' over 50 dib
category. In additlon, the numbar of prople prevented from cxperl~
enclng 2025 d8 hearlng tevels | approximately one-third as large
as the aumber of people prevented from eaperlonefng hearing lavels
ovor 25 (0,

Pra<Bqulllbrium Bepafits of DIfferent Compliance Scenarlos

Compllance with a 90 dBn standard within flve years will prevent
about 18 ml1)ion porson~years of Impalrment aver 25 dB prlor to
equitlbrtum (at year 45). Compliance with an 85 dBA standacd
within flva years will prevent about 30 milllon parson-years of
impalement over 25 db In the same time perlod, A two-step com-
pliance acenarlo with compliance to 90 dBA within five years and
compl lance to BS dDA withln ten years will prevent about 28 @mitlion
person~years af linpairment over 25 dBb prior to cqullibrium,

Warker's Compenaation

The total potentlial savings In worker's compansatjon Lbenefits thag
will accrus from alther a 90 ur 85 dBA stondard are smatll ($.28
bitlilon and 5.53 hitlien, respectively) when comparcd to the capltal
and maintenance costs of compllanca, It Is clear that the savings
from the worker's compensatlon paymenta alone cannot sarve as an
adaquate economic Incantive for industrles ta voluntarfly reduca

the level of nalaa exposure In the workplace.

i g A eyt Al 1=
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Absentenlsm

The benefits of prevented absenteclsm are substantlal. For the
90 JdBA standard with a flve-year delay, the expected beneflts are
$3.9 bINVion and far 85 dBA, 56.3 billion.

Other Benafits (reduction in cardlovascular disease processos,
and in annoyance) are plausible and, though of uncertaln maghituda,

must be included In any complete assessment of beneflts.

Cost/Benaflt

Cost/benefit comparisons excluding all benafits cxcept pre-

equilibrlum hearing conservation Indicata that:

-~ Cast/effoctivancas for hearing conservation of the noise contro)
exponditures to roach B5 dBA In five years Is similar to the

cost/effectivenass of the nolse control expenditures needed to
reach 90 dBA In flva years. For tho 85 dBA regulation, §840

prasent value would be spent Lo prevent each peraon-~yuar of
Impalrment ovar 25 dB, and for the 90 dBA regulation $790
would be spent for cach person-ycar over 25 db provented.

=~ The "two-step' scenario (compllance with 90 dBA o five years,
compliance with 85 dBA within ten years) has o silightly batter
cost/benefit ratio ($760/person-yenr over 25 dB pravented) than
the othar scenarlos.

~» Tha data tend to suggest wida variation in tha cost/benafit
rattos for the different compliance scenarlos In dlfferent

Industries,

Inctuslon of absentecism henefits, tax bunefits, worker's compen-
satlon and other non~auditory benefits, all mave the cost/benaflt
ratio In the direction of providing more hepafits to warkers at

lowar costs to flrms.

BT T Ced T
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8.2 ldentification of the lasues In Conflict

There are Important technlcal lssues In confllct such as the definl-
tlon of material Impalrment, the time-intensity tradoa~off rule, and tha
data moat sultable for quantifying the ralationshlp between nolse oxpo=~
sure and hoaring impalrment, tHowaver, controversy surrounding thase
Isaues tends to obfuscate the more basle polley~datormlning questiona.
Tha basic Issues are:

& the oxtont to which 0SHA should, under [t3 mandate, Impose

coats on Industry and soclety In order to benaflt workers,

e the cholce of time frames for compliance,

the mlx of englasering controla, adminlstrative controls,
hearlng conaarvation programs, and

e tha deslrabllity of Industry~specific standards.

It 1s hoped that this writing has helped to distlngulsh the technical and
acientific bases for policy choices from the legal, economic and prac-

tical bases.

8.3 Diacusslon of the Basic lssues

Tha Extent to which 0SHA should, wnder ita mandate, fmponu Couta on
Induatry and Sostaty in onler to banefit Workers

Sinca there would bo subastantlal hearlpg loss In the work force
with elther a 90 dBA ar an 85 dBA standard, there Is & firm evidentiary
basls for 05HA, under Its mandate, to promuigate an occupatlonal noelaa
oxposura rogulation.® The technologioal feaatbiiity of using englneering
controls to achleve the proposed alternative standarda has heen emphaslzed
by BBK, although some Industries may nced to aupplement thoss controla
by other compl lanca methods during the Inltlal phase of compllance.
Boonomta feauibility remalna a thornler lssue.

O5SHA would he wall~odvised to pursue cost-~affectiva means of Imple=
menting & nolss rogulation,and the directive for an Inflatlionary Impact

"on tha benefit slda, thera may ba Justlfication for adoption of an
aven lowar nalss exposure laval,

B Lt
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statemant doea require on analysls of the economic effects of a pro-

posad standard, However, o cost-beneflt analysis 1s nelther the required
nor most doslrable approach for polley guldance. Cost-beneflt analysis

i{s Inopproprlate for dealing with issuss compoaring Incomensurables such

as workers' hearing end capital costs. (See sectlon 2). The fear of the
Councl! on Wago and Price Stabllity that costs of rogulation will far
oxcaad the benefits 13 (nappropriately put. The costs can not be
directly compared to the benefits aslince there I3 no theoretlcally correct
way to monaetize all the beneflts of hearlng conservatlon. The Tusuae Is
whother tho costs are Juotiftfod by the benoflts {Sce scctlon § for dis-
cusslon of the appropriate quanlfication of beneflts). Our sarlier
presentation of costs and benefits (derlved from a proper treatment of
the data contalned fn the Inflatlonary Impact statement) do Indicate
that a noise requlatlon for industry as a whole Ts Justiffed. The exect
form of the regulation will be discussed In tha subsectlon antltled,
"Tha Cholca of Compllance Scenarlos!''.

The Cholce of Time Framas for Corplianca

We have shmn that a s1lght delay In compllanca times wll1l reduce
the flm's effectiva costs of compllance and not he vary harmful to
workars {5ee Flguras 4.3 and 5.6). In additlon, a delay in complliance
may allow new technolegy to develop In the nolse contral fleld and In
sevaraly nolse=Impactad Induatrles. Thirdly, delayling the compllance
pariod will allow a fIrm more flealbility In obtalning the necessary capital
funds, accouatical materlals, and technlcal expertlse needed for compllance.
At tho sama tlme, the dangera of a delayed compllance acenario must be recog-
nlzed, partlculariy delays by those firms jacking good falth. A two-
atep scenarlo{which mandates Interfm compliance with a nolsa lavel higher
than the final level requlred)should ba serlously considered In cases

whare a one~stop, but lengthy delay scenarlo would appear to be more

- T s w  p  E fr e 1Y TR TR MR e B e T —
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cost-effective.® (See further discussion In the section entitied, "The Cholce

of Compllance Scenarios'.)

The Miz of Engineering Controiln, Adninictrative Controlu, and Hearing
Congorvation Programs

The mlxture of englneering controls, administrative controls, and
peracnal hearing protectors, must be most carefully addressed. The
success of a varlety of types of englncering controls Is falrily well-
documented, However, the success of adminlstrative and personal
hearing protectlon approaches Is serlously questloned 1'2. In Indus~
trial field condltlons, it was revealed that the fleld-tested car plug
dld not offer the protectlon Indicated (n the avallable llteraturo.

We aro not unmindful of some evidence that Indicates success; we merely
wlsh to polnt out that the rallability of this form of nolse control s
highty uncertaln and varfes with the partlcular casa. In another recently
publiahed report by HIOSH entlttad "A Survey of Hearlng Conservation
Programs In Indu:try"z. It was revealed that adminlscrative controls
had saldom been used wlth much success. Here too we find that the
rellablllty of a nolse cantrol measure othor than englneering contials
depends very much on the partlcular program. It must be recognized

that "feaslbllity" (required by the 0SH Act) must not only refer to
feasibllity of englneering controls, hut also the feasibllity of hearing
protectors helng effeative., A mors expensive but rellable englneering

*Abatement agreemants providing long time periods for compliance have met
with mlaed success (Burcau of Natural Affalrs iInc., Occupatlonal Safaty
and Health Reporter, vol. 6, no. 14, p. ho2, September 2, 1976}, If, after
claiming to have done all within Its power, a firm concludes It can not
comply and has dona nothing, no disclplinary actlon appears to be possible
under the law, Therefoere unless compllance activity can be effectlivaly
monl tored,only short delays between [nterim compllance steps seem to be
justifled for aither abatement agreements or compllance scenarlos,

'H. Padllla, “Ear Plug Porformanca In Industrial Fleld Conditlona', g.oufmil
and Varlatlon (May 1976), pp.33-6.

2_M.E. Schmldek at. al., Survey of Hearlng Consarvatien Programs In lndustry,
HIOSH No. 75-178, June 1975,
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control may be preforable to a cheap but unrollable hoarlng protectlion
approach=-=1f tho latter's feaslbility is hlghly uncertaln. It s worth
pointing out that In the NIOSH study mantloned abovae, 80% of the hearlng
tast facltltles falled to meet the ANS! critoria for sudiometaer porforme
ance or llmits for hackground nolse lnvols.l

The Denivability of Induwotry-Spueific Standarde

Thern appears to ba a ratlonal basis for setting Industry speciflic
standards should that be deslred. In Tablea 8.1, 8.2, and 8.3, we com-
pare the benefits, costa, and costs per beneflt for threae different com-
pllanca acenarlos on an Industry basls, Should the pollcy maker wish to
derlve the maximum hearlng protection por dollar aexpended by Industry,
he may wish to impose diffarent burdens on the different [ndustries. The
criterla for thila undertaking may Include health, economlc, and technolo~
glcal factors. On the health 3lde it must be racognlzed that solutlons
which may not be health-affoctive approaches In the long term (e.g. hearling

protectors or some adminlstrative controls)may sufflce for an Interlm porlad,
This would lasaen compllance costs for the flrm and encourage betier techno-

loglcal solutlens In the long run, Both costs, "profltabllity', and cost/

bonefit data should be conaldercd on the economlc slfde, The possible promulgation

of machlpary standards (by EPA), the avallablllty of government assiatance

In Research and Revalopment and posslbillty of technoioglcal Innovation enter

into the tachnologlcal factor.

B8.h Extarnal Factors Which Hay Ultimataly Bear on a Cholce
of Compllance 5cenarlos

Bafore discusslng a cholce of compliance scenarios, three addlitlional
factors Important for uwitimate policy formulation will be discussed.

Vibig,
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COMPAILI S04 OF BEHEFITS, COSTS AND COST/BEMEF|T FOR

8-8

Table 0,1

COHPLIAHCE SCEHARIO 90(5 year)

IHDUSTRY,

Food and Kindred Products
Tobacco Hanufacturers

Textlle Hi11 Produces

Appars) & Cthar Textlle Products
Lumbar and Wood Products
Furniturn and Flxtures

Papar and Allled Producta
Printing and Publishing
thomicals and Allled Products
Petrolawm and Coal Products
Rubbar and Plaatie Products
Leathar and Leather Products
Stopa, Clay & Glass Products
Primary Hatal Industrios
Fatrlcated Hatal Products
Hachlnary, oxcept Electrical
Elnctrical Equlpment & Supplies
Tranapoertatlon Equlpment
Elactric, Gas & Sanitary Services

BENEFITS®
.7683
.036

3.47
.017
3.29
277
. 300
.201
766
.702
-296
.0h
309
3.89
b.25h
(ALY
070
N:L1A
7

COSTEAA
m
61

945
480
270
635
W2
236
155

Q
210
1,884
1,762
2,951
196
905
717

COST/BENEFR | TAM

9290
1,690
h50

0

290
1,760
900
3,160
540
340
520

0

740
hbh
1,410
2,570
2,000
1,070

1,860

3750 (ML
CHDUSTRY AVERAGE)

#NoTas=Tnduced oarlng Impalrmont aver 25 dB qver-48 yearsslh mf | hons of. parsaniysars

#4Tatal dlscounted compllance coats over A5 yaars (ml1llens of doliars, present value)

ArtCant In dallara par prevented parson-year over 25 db

e T e AL S UR T T
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COMPARISON OF DBEREFITS, COSTS ARD COST/UENCFIT FOR
COMPLIANCE SCENAIO  90(5 year}, B5(10 yecar}

INOUSTRY

Food and Kindred Products
Tobacco Hanufacturars

Textlta M1 Products

Apparal & Other Textlle Producta
Lumbar and Wood Products
Furnitura and Flatures

Paper and Allled Products
Printing and Publlashing
Chemicala and Allled Products
Patroigum and fLoal Producta
Rubbar and Plastlc Producta
Leathor and-Loather Products
itone, Clay & Glasa Products
Primary Hetal Industrins
Fatrlcated Metal Praducts
Hachlnary, except Electricat
Electrical Equlpmont & Supplies
Transportation Equlpment
Electrie, Gas & Sanitary Services

8-9

Tabde 8.2

DENEF ) T5# COSTS 4
t.hid 1,730
.050 "3
h.70 2,700
L0458 13
hohG 1,327
.602 560
il 365
722 1,224
1.316 689
N7 310
570 268
011 ]
h76 hl6
5.h2 3,211
1.92 1,983
1.757 350
.208 n
1,373 1,234
1.221] 1,120

COST/BENEF ITARA

1,220
2,260
560
220
300
9230
510
1,700
520
340
LY D]
790
f70
592
1,030
1,990
1,800
900
920

§ 760 (ALl
INDUSTRY AVERAGE)

Nolse~Tnduced hearing Impalrment over 25 dN cyar 45 yeora_fn mldT{dnsaf paraon-ycars,
#nTotal discovnted compllance costa aver A5 years (mfltiony of dollars, present valuna)
arncost In dellara per preventod parsun-year avar 25 dff

R LR SIARER R

AT P RSN



AZVD 3 IO UPAR L3

slc

——

*Nolna~Induced heartng Impal rment over 25

INDUSTRY

Food and Kindred Products
Tehacco Hanufacturars

Tentila HIt) Products

Apparel & Other Taat!la Producta
Limbar and Wood Products
Furniture and Fixtures

Papar and Altled Products
Printing and PublIshing
Ehemlcaly and Altled Products
Patroleum and Conl Productsa
Rubbar and Playtlc Products
Loathar and Loathar Produgts
Stone, Clay & Glasa Products
frimary Metal Industries
Fabricated Metal Products
flachinary, excopt Electrical
Etectrical Equipment & Supplles
Transportation fqulpment
Elsctric, Gas & Sanltary Servicos

"tTota]l diacounted complinnce costs ove

*AfCost [n dollary

B-10

Table ﬂ.!

COMPARISON OF BENEFITS, COSTS AND COST/DENEFIT FOM
COAPLIANCE SCENARIO 85 (5 yoar)

r b5

DENEFITSA
fr LRI

1.551
053
5.03
. 068
h.66
.676
.oy
.05
1.h29
055
.630
.013
513
.72
2,08
1,085
2h2
1,482
1.h12

COSTSAR

2,264
142
3,339
20
1,541
602
419
1,555
845
351
17
14
520
3,95h
2,109
3,892
500
1,419
1,325

dB aver A5 yoara In mi1)fons
yoeara {miilicns of dallars,
Per pravented parson-year over 25 df

COST/BEHEF | Tara

1,400
2,660
660
o
314
050
50
1,810
590
370
50
1,080
1,010
631
1,030
2,020
2,070
960
M
3 Bho (ALL
[HCUSTRY AVERAGE)

af pargansyoars .
prasent value}
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Tax Altornativan

In our calculation of the costs assoclated with the workplace nolse
standard (Section h.1), woe dlscussed the after~tax Impact of the capltal
and malntenance costs for purcheses of nolse abatement equipment. That
discussion assumod that such capital expenditures would In most cases
qual I fy for two exlstling tax benefits: tha depreclation deduction (Section
167) and the Inveatment tax credit (Section 38). These bonefita, of course,
pass on some of the costs to the government and the genaral taxpayer
papulation.

The current tax code provldes other beneflts to investments In envlron-
mental control technolegles whlch are, howsver, unavallable In the nolse
context. These arlse From Sectlion 169, which allows raplid amortlzation of
a "cartifled pollution control faclllity", Such facilltles ara conaldered
to ha plant or equipmont Inatalled for the reductlon of alr or water poliu=
tion.

One altarpative to be consldered for reduclng workplace noise Is a
slmpla amendment ta the defltional section of I.R,C, 169 (169(d}) which
vwould Include nolse abatement devices within the meaning of the tarm
"pollution control faclllity".* Such an amendment would prasumably provide
an addltional [ncentive to firms to make lnvestments In nolse contral;
however, the slze of the Increment [s not certain glven tha fact that the
Investmant credlt would then be unavailable. For those particular expendl-
tures, moreovar, although the tax mechanism may ha afficaclous as a polley
tool, It I3 not cloar that as a matter of soclal policy tha shifting of
costs which tax benafits ontall 1s necessarlly desirable, Ona must halence,

Mmendments to Section 169(d);
For purposns of thls sectlon--

1) The tarm "cortlfled pollution control facllity'" moana a new
Identifiable treatment faclllty...to abate or control noine
water or atmospharle pollution...

B) the Federal cartlfylng authority has certifled,..({{Z) an
baing In complianoa with tha Occupational Safuty and Nealth
Aot or the Notan Control Aat...
3) The term “Federal certlfylng autherity” means...in tha ocass of notes
poliution the Enrfronmantal Protection Agency op the Dopactment of Labor,

§ T T kT e e e sy S R T L L e A 1= cres EarFer R on
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among other things, decreased nolsa pollution or reduced flnancial burdons

on small or marginal firma ngalnst, for Instance, an cqually-reduced cost

to large and/or healthy flrms which amounts to a public subsldy. Ho partl-

cular course of action 13 roconmended hera, other than a suggestlon that

this optlon may marlt further consldaratlion,

EPA Machinery Regulationus

The desirabliity of shifting the burdan from flrm to the manufacturer
of nolsy machlnory through a mechanlsm such as EPA machinery regulatlion
neods to be conaldared. (See teatlmony of Mr. Charles Elkins of the EPA.)

Tha Dvatrablitty of Enaouraging Government Intervention
Through Swpport of Induatrial Resvaroh and Devaelopment

It [4 Interasting to note that those
problems are often those with the lowast

induatries with severa nolse

mensurcea of Reacarch and Develop»

ment Intenalty. Table 8.4 11lustrates the rolationship batween high nolsae
lavels and tow Rasearch and Pevalopment expendltures.

Meavures of R&D intensity, by induitey, 1961272

Mean over the 1961-72 perhd

R&DY acientlats Company fundy
& angincern Total funis for for R&AD ssa
per 1,000 HALY a» & percent peresnt of
Industry employcen of net saleant net nledd
toonp d
Chernbcals & alliesd prostucts oo, RTINS 7.8 40 bE ]
Machingry oooveniinnn, Cea et e s isea sy 39 e P21
Thatrwal espalpment f commuanicaliont ouuiie. i iiiis (YR 0y 20
Aurcrall &ombssiles .. e s e e poao 0.9 33
'ratessianal & rclentili Imateuments | iaaee 319 A9 41
Mean for group b, o, oueaoa T R R T T T Pu, 471 - ¥} 33
Grep 1T
Pelrobenen relining & eAlraclloft covevciieiinn i 128 a9 0.9
bbby prodits e, 17.0 10 1.7
Sinene, c':‘ B RIass PIICER caievai i e s 10.7 16 13
Fabricated metal prothics oovunn i e s 12n 1.3 1.2
Metor vehkles & wther teanaporiation
LOLUFULIT | | SR b miesren e et et e s e Ve 194 33 13
Mean Foe gronup Il oo e tod 19 1.0
G 1
Foned & hindresd prousts oo 7.2 04 0.4
Tetiles & ppparel ..., 21 03 0.5
bumlrr, wond products & 47 [+3] 0.4
Paper foallied produicts o ouuuviienininieenne.. 8.3 09 os
Prmvacy merals ..o, fivebea no on 0o
Mren Tor Gromip I e ca e e i e [ 0o n.o

Y lur [wtherindormation on R &L insmsllcumpanies, see
Thma Hugan and Johin Chirichiello, “The Role ol Rescarch
find Devdopsnent in Small Firms®, in The Vitdd Aajerity: Smal
Businea 4 the Americtn Ermemy, Stuall Puriness Adminisira.
I, 1974,

Source!

1 Tutal nel sakes by Geoup Lindustties uver the sptlre
196172 perdod were mly 13 pergent targer than sales by
industeles in Growp I8 amb appresimatcly 50 peevent larger
than thene of Group Nl Industries,

Science Indlcatora 1974, Natlonal Sclence Board 1975,

ey i e BN AL R
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It alao ahould ba roallzed that federal aupport for Industrial Research
and Davolopment [3 lowest [n theae Industrlas with severe nolac problems,
(Table 8.5). Table 8.5

Federal funds as a percentege of
tital Induatrial R&D enpendituce, by
indusiry, 1972

lodistry Percent

Alreraft and misalles oo e 78
Electrical equipmen &

communicallon i cinreniiaes 30
Profomivnal b aclentilic

imlruments ...... dadaeraraiiiae. 10
Mutur vehicles and olhe

tramportation equipment .,...... 17
Machinery L oveiiiiienn 18
Rubber prolucts ... 0. 11
Chenkabs andd altied

oty e een 10

l'n[:knlhl metal prinlucts Lo 3
Piimary metab ..., Ceverreriiiees [}
Fetivleum refining and

LT T T e )
Stone, clay, and glos

[ 1T L 2
Teabiles ard apparel .ooovenvnniin 1
Foud and hindred prsducts ..ol 3
Papes and allied products .ooooaiel 1

YFederal suppurt for  nonmenufeciuring  insduitilcs
amuupted tw 36 peicenl af their wwtal R&D expenditures in
197},

Sourca: Sclenca Indlcators 1974,
Matlonal Sclence Board 1975.

Thus, the ultimate compliance scenarlo should raflect tha deslrablllty
of encouraglng government Interventlon In tha Industrial Research and
Pevalopment af those Industrics most severaly Impacted.,

B.5 The Chalce of Compliance Scenarlos

The form of the standord must reflect not only the best avallable
technologlcal and selentifle Informatlon, but must also consider the admini-
strative burdens of setting the atandard and enforclng the law. In Section 7
we falsed Important lssues llkaly to surface in legal challenges ta whatever
standard la promuigated and enforced. The challenges may differ as to teche«
naloglcal versus economlc feasibllity, wha provas somathing as opposed to
vhat needs to ba proved; and whather the challenge Is to a broad-based
atandard, an Industry-speclflc standard, or to the partieular burden placed
on an Individupl firm.
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The facts would appear: to mandate an ultimate compliance with an B5 diA

standard In oll Industries,

Conalderations of both costs and reallability suppart the prefercnce of

englneering controls as the primary compliance strategy, supplemented by
personal hearlng pratectors and some adnlnistrative controls (such as the

running of alght or weckend shifts) In the Interim phase of compliance.

Some industries may be harder hit. Goverament policles favorlng further
cast-sharing by soclety through tax changes ond goveirnment particlpation
In research and development should be considered If englneering controls

impose a partlcularly savere burden on a substantial number of Industries.

A slight delay in compllance time (less than flve years) Is probably
inavitable, If a longnr delay |s doomed deslrable, tha standard ought to
require compllance with an B5 dBA standard in no lenger than 10 years,
with an lnterim compliance with 90 dDA at no later than flve years.

Thare are differsnces between Industries In tha economle burden 1lkaly
to be lmposed., The factars whlch can be used to differentiate industrlios
In order to promulgate Industry-speclfic stendards, which dlffer In com~

pllance times, in certaln cases are:
* cost/beneflt ratla
e cost per mansura of Industry profitabllity
s tha likellhood of a technological breakthrough
@ the exlstence of govarnment asslstance
o the llkaly effectivenass of proposed machinery regulations
s OSHA enforcement prlorities vis-a~vis Industries, and

¢ QOSHA abatement and variance posture.

-
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In sum, we belleve that there is sufficient svidence In the record to
Justlfy setting on occupational nolse exposure regutation, It would pat be
beneficial to wait untll more evidence 15 required.  The form of the stopdurd
must be such that the Fegulation 1s enfarceable and Vikely to allelt an
offectlve respanse by thase regulated. The reqelatlon must be of the form
that can be cffectively adninlstered. The domage resuiting ffou1furthnr

deloy in the setting of a standard Is substontial and warrants prompt and
daflberate action,
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APPENDIX A: HETHOROLOGY OF COST CALCULATICNS

1. COST ESTIMATES IN THE AGGREGATE

1.1 Comouting Dlscounted Presont Value of BBN Capltal Costa

Table Al I1tustratea how the dlacounted capltal costa were computed.
For example, BBN's estimate for compliance with an 85 dbA atandard ($18,540
ml1tlen) was broken down In an annual Investment achedule for a S-yocar com-
plianca mriod.' The annual lnvestment was adjusted for cost reduction dus to
technolegical change ()%/yoar) and a dlacounted present value adjustment

{dlscount rate of 73).

TABLE Al

IHTERHEDIATE CALCULATIONS FON
_ContLIANCE ALTERNATIVE €,

oabiara Lo Miilfens, £ Yacp Coplianos 85 (M4
inves trwnt 85 doA AdJurtment frasent Dincavnted
Yaap Raton Copital Cont®®  Tachnoloylcal Changs  Valus AdluatesntfMA Cepleal Cont
1 1 any a=s nee w7

2 7% 2,2th.8 97 935 2,017,78

3 7} A, 070.8 ALl 873 BB LY L

A N 5,316.6 291 A8 299045

- 3T 5,932,8 .83 763 3,98).51
100% 18,540,0 14,267,089

*Tha Tnvasteant schadula [& [row the BBH antimate of the diatribution of nolse contrel cepltal sost over
differanc corpllanca parlodi. AEH Report Mo, 3246, [conemlz Imeact Analyale of Propoasd Molse fonteal

nngullslm Flouras 3.0, p. J-)5
#<BBN satimate fotal clplh.ll cott to comply with an N5 dRA atendard I $19,540 mi1llen.
marplscont rate of 7%

e e

BBN Report No., 3246,
Bzgulation, Flgures 3,1, p. 3-35.

fconoml Impack Analyals of Propaacd Holag Coatral
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1.2 Calculatlion of Dlacounted Haintenance Costs.

The discounted maintenance costs were computed by multlplying 5% of
oxtsting capltal Invastment by the preseat value of an annulty at 7% over
the entlre time=frama. Thus, the discounted malntenance cost for inmediate
conpllance with an 85 dBA standard for the first 20-yoar time~frame would
ba:

Discounted
Capltal Cost To Annual Malntenance * PV of Annulty Halntenance
Comply With 85 dBA Charge =» .05 Capltal Cost 20 Years at 7% Coat
18,540 X .05 X 10.59% =~ 9820,

The calculations for the discounted malntenance cest for Immedlate com-
pliance with an 85 dBA atandard for the second 25-year time-frame are pre-
sented In Table 4.1, footnote 4.

The calculatlon of the discounted malntenance cost for compllance scenarlos

of 5 and 10 years take Into account the cepltal Investment schedules over the
compllance periods, Thus, annual malntenance chargas ara 5% of the exlsting
atock of capltal at the end of tha year. After full compllanca is reached,

the annual maintenanca charga Ia the aama daollar amount and only the dlacount

factar varles.
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AFPENDIX DB:  DETAILED METIODOLOGY OF THE HEARING COMSERVATION
OEREFIT CALCULATIONS

Sectlon 5 of the maln text of this report presented the results of
soma excmplary calculations of the 1lkely magnltude of hearing conservatlon
benefits. This appendix provides a more detalled elaboration of the methods
and assumptlions used [n the hearing conservation computations. Immediately
belew, wa shall delineate how the calculations were done. In general our

ballef Ia that although there are a number of simpllfyling assumptions which

AOVJ 3 idY WTAY 1834
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could be altered to produce more refined calculations, such refinements
vould not substantially alter the concluslons.

The calculations were baslcally done in two steps:

o Definltion of exposures and the expased population, For each

compllance scenarfo, time polnt, Industry, and moblbity
assumption Investlgated, thls step of the caleulation estimated
the numbers of workars of differont age groups wlth varlous

equivalent continuous nolse exposures (dBA) over thelr provious
workIng tlves since age 18. Toward this end:

Avallable exposure data from BBN were adjusted to reflect
approximate L ("equal encrgy", "3-db tradling rule')
exposures rather than Loc,. ('5-dB trading rule")
oxposures. {Sea Sectlon 1.1)

Exposurea wera modifled, where appropriate, to reftect
compllance with postulated regulations, uslng the assump~
tion that all exposures above a deslgnated standard levet
would be hrought down exactly to the standard level.

{Sea Sectlen 1.2)

Age X Exposure matr)ces wera conatructed, glven tha spprosl-
mate age distrltutfon of tha workers In the 19 studied
Industrles [n 1970, (See Saction 1.3)

B AL
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== Utllizing the “equal energy rule', equivalent continuous
exposures were caleulated for worker populations with changes
In thelr cxposure levels over time due to: (1) worker
mobl1ity and (2) time ofter compllance with different nolsa

standords, {Sea Section 1.4)

o Detormlnation of hearing impalrinent 'risk! and hearlng conservat!on

heneflt. Glven the population exposures deflned In the flrst step,
hearing Impalrment within 20-25 db, 25-50 d0, ond over 5Q dB hearing

level categories woa computed by:

=~ Using the ohservatlons of Emughnl to defino relationships
between the fraction of peopla In diffarent hearlng ievel
categorfes at any one time (“risk") and nolse exposure for

particular age groups. ({See Sectlon 2.1)

-~ Combining the "riak" rnlatlonships (Section 2,1) with tha
proviously doflined Age X Exposure matrices (Section 1.4)
to compute tho number of people in different hearlng levael
entegarles at any onc time, (Sce Sectlon 2.2)

== From the numbers of people In particular hearlng level
catagaries at varlous tImes after compllance, computing
the person-years of impalrment prevented hy diffarent
compllance scenarlos prlor to the attaloment of ultimate
equilibriom. (Soe Section 2.3)

1. ESTIMATES OF ROISE EXPOSURE

Acaunption f1:  BBN Fatimaten of Ocowpational Noiee Fxpooure in 10
Industrion
Bolt, Baranek, and Hewman generously supplied us with a sat of thelr
primary data estimatlng tha distribytlon of nolse exposures among productlon
workars In varlous Industrlies In 1975 (Table B1). These data are (1) more

PR e e — e 8 8 o A PRI




TAOLE o)

Extimate of the Mubar of Productlon Warkars Lnposnd to

Tirma Walylited Contlnuous Sound Levols
{tn Thousands)

Rased ©n Information From
Rott, Perensk, and Newman

ENIUSTAY Lcun'ghm fo-0% A5=00 0:98 95=100 [one08 105=118 110=115 10TAL
food and Kindrad Froducts 640,57 204,99 7h.98 168,53 25.00 9.53 0,95 0.95 1,126.3
Tobacco Hanufacturers £5.50 3.00 0.58 2.60 ).04 . ——— L) 6.0
Tantlle HIt] Produsts M 104,09 180.30 153,00 107.52 113.00 -—- - 751.0
Apparal & Gthar Tanthla Producta 269.77 27.75 to.28 - o e —n [ 1,027.8
“undor and Hood Products .97 3160 LINH 245,85 12).59 5.19 - e h5l.5
Furnfiura and Flxtures 165,52 8).00 7h.6) 29.60 - . non ane 15).2
faper and Ablled Products 167,00 10%.57 76.36 102,11 1,52 1.0 0.62 === A78.5
Printtng and Publlshing 156.27 172.97 a17.66 91,20 - - am- ma- .5
thenicals and Altlad Producks 270,82 91,45 04,20 115.96 147 0.i2 e na- 567.2
Patrataun and Coal Products 10.63 16.07 20.08 20.¢0 172 nn ane nae 121.3
Rubbar and Plastic Preducts 28).08 69.13 54,30 29.81 1.60 1.h2 === === h40.3
Loather and Leathar Products 206,18 .82 2,12 wan === --- = - iz
Stena, Glay & Qlaan Preducts Isha2 72.78 34,46 2.38 - 12,76 e =n- 49).5
Primary Matal Industries 178,52 184,04 219,90 188,05 101.61 &1.60 e == 74).8
Fabrlcated fatal Products 516.13 17A.81 129.76 68.50 N7 13.75 0. hy 0,09 997.8
Hachinary, srcept £leatrical 781,78 28713 157.69 BU. 54 3416 26.8) 803 1.5k 1,38).3
Eleactrical Equipment & Jupplies 94, 60 127.94 54,34 17.40 .68 1,3 wan - 1,142,
Transportation Equipment 740.2) 136,06 115.80 64,43 6h.h6 0.04 0.55 0.10 1,133.8
Elsctric, Gas & Jsnitery Servs. 30,36 140,6) 253.87 185,76 =" oo " e 619.2
Tate) 6,590.4 2,069.0t  1,025,02  1,579.7) 578,12 202,56 11.54 2.78 12,233.3
Tatal Workforce 12,339,300

Greatar thay 85 A, 321,000

Greater than 90 2,454,680

i 4 HAF HEIYY L0900
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detal led than those previously published, In that they show the numbers of
workers at varlous levels over 90 dB In Individual Industries, and (2) do
not conteln the uncertalnty adjustment which DDN applled to the previausly

published data.*

1.1 Computing th Holse Levels for Present Exposures

The flgures In Table D) reflect an estimate of 1975 noise exposures In
U.S. Industry as determined by BBY under OSHA's current "5-dBA time~inten-
slty trading rule’ {Designated os LOSHA)‘ In other words, when BBN found
vorkers with diffaerent exposure lavels at different tlmes durlng tho work-
Ing day, equivalent dally contlinuous exposure levels wera estimated by a
formula which walghted nolse exposures at 95 db as twice as Intensa por
unit of time as oxposurecs at 90 db, % Although thls hears a good relatfon~
ship to 0SHA's current mothod of cxpressing nolse exposure, the avallable
evidenced?® suggests that on ‘enorgy'' welghted average (“L‘= " as definad by
EPAB. assentially a 3-dBA tline-intensity trading rule} Is more apprpriate
for computing long-term hearlng impalrment. Unfortunately, underlying data
nocessary for a praclse calculatlon of ch wera not rocorded by BEN. Instead,
BBM has suggested the followlng assumptlon for roughly estlmating ch
cxposures from thelr data far Industries characterized primarliy hy fluctuat-

Ing nolse:

#Bocause of the uncertalnty of tho exposure catimates, BEN modifled thalr
data be redistributing 1/2 of the workers In each 5-dBA exposure range Into
the exposure ranges 5-dBA higher and lower than the original exposure

range. Exomple:
85-90 90-95 95-100
Bafora adjustment 0 100 0
Aftar adjustment 25 50 25

Wa hellave that the 'bast expected value' of the exposure distrlbutlon {3
represented by tha orlginal data hefore ad)ustment, and have therefore hased
our computations on the wncorrected chsarvations.

atFor exampla, a formula BON may have [mpllcity used Is:

yz 25, -90)

{
Lostia " 90 + Plioalg H
where | Ia the nimber of hours at an exposure lavael of Y! dbA

faAPrimar!ly, the study by Burna and noblnson.2

e e 1 e | FULTRR Tt
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Asaumption #2: For Induotrieo with primavily fluotuating notact,

an gotimate of tha L exposure divtribution can bo genorated by

shifting half of the workera in i Losna

the next higher & doA crposury range. Examplo:

exposura dietribution to

{i5-00 20=05 =100
bafore adfustmont 100 200 0
Aftar adjuatmont 50 160 100

Table B2 shows the results of applylng thls procedure to the BON LDSIIA
data, Table B3 Ia a reatatemont of the data In Tablo B2 as percentages of
the total production workers In cach Industry. These latter flgures serve

a3 the baalc exposure estlmates for our exemplary calculatlons,

The groas numbars of workers given In Tablea B1 and B2 refer to the
populatlon of praduction workers employed [n each Industry In the flrst
half of 1975. That particular time prrled, of course, was a time of deep
rocessfon and general employment levels were Tower than can be expected
for non~racesalonary perlods In the coming ysars, tdeally, It would ba bast
ta base our benaflt calculations on projections of employment In [ndlvidual
Industrles over the next several decedos. Fafling that, howaver, we have
alected to use averaga 1974 employment levels, as they are representative
of emplayment In currént times:

Aaapenption BS: Averaga Employment in Indiwidual Indwotries WLLL Approximata
1874 Employmant Lavala for the Next Seworal Deoadss
To tho degrea that 1974 employment levals undereatimate future employ~
ment levals, the bonaflt estimates wlll be somewhat underestimated. 1974
employment lavels In the Indicated Induatrles are shown In Table B4, For
the aum of all 19 Industries, the- difference hetween 1975 and 1974 15 the
dl fferance batween about 12,9 and 14.5 ml111en production workers.

*5TCTs ZY, %3, 44, 25, 28, 29, 30, 31, 32, and 33, pccording to BBN. No

ndjuatmunt Is nocessary for other industries, with prlmarily constent nolss.
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Hod|fled from Informat fon

Tame p2 Estimats of the Mymber of Productlon Werhors Lapored to provided vy
Time Haightod Contlnuous Sound Levels Bolt, Daraneh, and tigv.;an
With LCQ AdJustmant for Flugtuating Molsn
(in_Thousands)
Lean Then .
s IHDUSTAY 2o Bo-85 85-30 40-95 85=100 100-105 105-110 Has1s
i0 Feed and Kindrod Products 40,57 204,99 74.98 168.53 25.680 2.5 0.95 0.95
HE Tobacco Manufactursra s 9,25 1.7% 1.73 1.5 0.92 ee ane
n Toutlin HE1) Produces nmn 100,09 180,30 153.00 107.52 123,08 .- ~ne
n* Apparsl 8 Qthar Temt!ls Products A9k, 89 500,76 19.01 5014 ne= . - e -
T tumbar and Wood Produsts 1.9 11,78 %39 g 10,72 64,4 2,84 .- &
25" Furnlture and Fixturas 02.96 124,46 70.85 52.1h 1.8
24 Papar and Allled Produsia 187.00 103.57 76,30 10z2. 1 1.52 1.30 0.62 une
27 Printing and Publinhing 156,27 172,57 17.06 91.20 ame ~nn nan aae
H A Chemicals mnd Alllad Products 135,01 181.63 08,37 100.12 5.1 1.0 ] -
b Fatrolowm and Coa) Products 5.4 thas 13,47 248,88 5.1 17.32 B.66 aen
0" Rubber and Plastic Products 1h1.9% 176.5 6,76 A2,03 15.7% 1,55 on
ne Lesthsr mnd taather Producta 103,03 105,00 2.597 .06 nes man "aa ==
n* Stonm, Clay & Glaes Products 177.08 216,95 st 10.42 .19 6,30 6.30 -—-
ne Frimary Katal Induitries 83.16 181.28 206,97 208.97 144,84 01,64 30,84 ran
N Fabricated Motal Products 516.1) 174.61 123,76 66.50 LINY 13.75 0. 4% 0.09
1] Hachinary, macapt Kleccrical LI 201 157,69 84,54 .16 26,83 8.9 1.64
3 Llectrical Equipmnt & Supplien %40.60 127.9 AT L) 1740 .68 1.34 nee e
n Transportation Equipment 7AG.2) 136,06 119,83 64,49 6446 a.04 0.55 0.1t
Ay Klsctric, Gaa & Sanltary farve, J0.98 1A8.6: 25387 18576 === o =oa ane
ToTAL N0 30324 1,8%.96  1,50.07 775,08 357,98 60,08 2,78
0,363.15 1,640,396 RN

*Fluctieting Noine .
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Latimate of the Parcantecs of Praductlon Wqrhars. Expoled to

Tims Halghted Contlnuous Jound Levals’

MJustment for Fluctuating MNaolse
{In Thourands)

TARLE BY
Hith LIQ
Lass Then
THOUSTRY Bn E0-B5
Fovd and Klndrad Products 56.07 14,2
Tobagco Manufacturara A3 A95 A5.0h0
Tentdla NI Froducts 10,309 14,5
Appacal & Othar Toxtlle Produsts ha.150 43499
Luskar and Viood Products 0.hho7 3.979
Furniturs and Fintures 21.480 35,13
Paper and Allied Products 33.073 a3
Printing and Publishing k322 7.7
thomlcmls snd Allled Products 23.073 32.021
Pecrolows and Coal Products Aoa6d 15.91)
Rubber and Plastlc Produsts a2y ho,08¢
Leather and Lesther Products A5 h9.401
Stons, Clay & Olass Products 36.6%0 Ah.870
Preimary Matel industrios 2.450 19.20}
Fabricatoad Netat Producta G1.726 (YRS
tachinery, oncept Elwstrical 56.51% 20.0:
Electrical Equipmant & Supplles 02,30 L2
Trenvporfatbon Equipment 65,208 12,
Etectric, Gas & Ssnlcary Sarve, - 5000 2,
M.Ga

tfluvctuoking Malse

D30 )5 25nM00
6,057 14,563 2.291
2.006 Nz 1.699
14.000 20,479 14,317
1.649 0,5000 -
8.059 31216 40,913
12,324 14.762 A 190
15.962 21.340 0,318
13,704 14,195 nan
15.500 17.652 18,529
19,3409 23.6809 19,044
1h.017 9.55% 3.575
1.393 0.h99 aen
11014 3800 0,246
21,913 22,141 15,346
13.005 6.065 9460
11,440 6.1 2,469
h 157 1.52) 0,060
10.573 5.687 5,605
41,000 30.000 e
1h.an

1

Al 3 1EY HPATY LS 3Y

tod(fied from Information
provided by
Bolt, Dwransk, and Hewren

100-108 105-110 110=115
o.8h8 0,004 0.004
[JR.LH bl -
16,369 an= P
14,272 0.50h7 e -
0.a72 0,130 e
Q. 3ThA 00194 -
th.279 1112 ==
0.352 18 il
1.213 1.9, -
0.650 3.260 -
1.378 0,049 8,009
1.9%0. 0. 646 0.119
0.117 ~an -
0.702 0,049 0.60y
2.8
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TADLE Db

197h EMPLOYMENT LEVELS

AN 31TV BVAY B30

THOUSAHDS OF
PRODUCTION WORKERS

E11% INDUSTRY IN_INDUSTRY IN 1974
20  Food and Kindred Products L 174
21  Tobacco Manufactuars 65
‘ 22 Textile MIll Products 875
' 23 Apparel & Other Textlle Products 1,156
| 2h  Lumber and Wood Products 539
‘ 25  Furnlture and Flxturcs h33
26 Paper and Allled Products 545
27  Printlng and Publlshing 668
28  Chemlcals and Alllaed Products 616
29  Petralowm and Coal Products 124
30 Rutbar and Piastlc Products 535
31  lLeather and lLeathar Products 2hh
; 32 Stone, Clay & Glass Products 552
| 33 Primary Matal Industries 1,067
3h  Fabricated Hatal Products 1,137
‘ 35 HMachinery, except Electrical 1,483
: 36  Electrical Equipment & Supplins 1,372
{ 37  Transportatlon Equlpment 1,260
' 43  Electrlc, Gas & Sanltary Services 630
All Industry Total LTS

e . L TR
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1.2, Expogures After the Attalnment of Diffarent Compllance Levels

Asoumption $4: The effeet of "eompliance" with a partioular etandardd
level (85 or 90 dBA) will be, on balancu, * to bring all
enployecy above the standard level down to the atandared
level., Example:

80-05 as B850 20 00-95
Dafore complianoe 28 38 40
After eomplianee with
80 dpA regulation a5 35 40
Aftar compliance with
26 dBA regulation ab 76

1.3. Age X Exposura Matrlces

Both the length of time individuals have been exposed to nolse and the
magnl tude of hearlng losses due to presbycusls are ralated to age, For com-
putatians of the hearing lmpairment experlencad by the ontire population of
workers at any one tlme~-polnt fn the future, it is necessary to:

{1)  compute the prebabllity that individuals In cach age qroup
wlll exparlence dlfferent deqrecs of Impalement, and,

{2)  multtply the rosules of (1) by the nimbers of Individuals In
cach age group In the populatfon at the deslgnated time-polnt

In the future.

As Implied by (2), It would be deslrable to base exposure and affect
calculatlons on projections af the age distributlon of the population at
various tlmes In the future. For slmpliclty, however, we have alacted to
assume a constant age dlstribution almllar to the age distributlon obaarvad
In the 19 Industries In the 1970 cenaus:

1

Ww‘ e ML o L TR TR S M T Aty e ol Lo s bbb e
!

AThe "balanca’ 3 between tendencles which praduce avarcompllance and op-
pesing tendences which produce undercompllrnco in the [adustrial population,
Far dlscusslon see our earller publicatlon®, page 2-14.
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Avotanption W#d: The age distribution of the population cxposed to notoe
and oxperienaing notve-induced hearing iupaiment will be

conutant oven tha next ocveral docadea at:

Age X of Population
18-24 16%
24-34 203
36-44 28%
46-54 2a%
5-04 168
g5+ 2%

Implicit In Assumptlion #4 §s a complete congruence between the age
distributlons of the working population exposed to noisa and the population
experiencing nolse~Induced hearing Impalrment at any ona time., This 13 not
strictly tha case, Older workers who retire from the workforce after nolse
exposure wlil experlence hoaring lnpalrment for the rest of theis 11ves;
but because tho age dlstribution In Assumption £} reflects only the warklng
population, post-ratirement IndIviduals and post-ratirement hearing Impalpe=
ment will not ba Included In the benefit computations. For thls reasen, the
reaults wilt tend to wnderastimate the true level of benaflts,

in ordar for Assumption #%4 to bn combined wlth tha exposure data In
Tabla B3, It Ia necessary to make two furthar almplifying assunptiona:

Aemeption f6: ALl industries will have {dentical age distributions, on
avaragd, over the next several deoadus,

Apawmption #8; Within each indusiry, noise exposure fe indapendant of age.

As can be acen [n 1970 consus dn:ns Industrlies can diffar In thalr aan
dlstributions, Howaver, it 1s dIfflcult to know If these Inter-Industry
dlffarences can ba expected to persist In conslstent fashion ovar sevaral
decadea, To the degree that there are conalstent [nter~industry differences,
and to tha dogroa that nolss exposura 13 not Independent of age, then thare
may ba additlonal reasans why the population exposed to nolse may differ In
age diatributlon from the population exparlenclng potentlal nolse~Induced
trearing damage. Such difforences may be expected to have simllar affacts on

e Ty e
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the final estimates of benefits as the exclusion of retired workers dis-

cusscd abaove.

Glven tha above assumptions, the exposure distribution for ecach Industry
was multiplled by the uniform assumed age distributlon to form an Age X Ex-
posure matrix for cach Industry, Table G5 is the Aga X Exposure matrix for
the food industry. The food Industry's overall enposure diatribution from
Table 83 can be seen In the column labelled "Total, A)l Agoes' at the extrenie
right of Table B6. The overall age distribution from Assumptlon #4 can be

seen In the bottom row, laballed "Total, Alt Enposures.*

1.4 Use of the "Equal Energy Rule" to Compute E£quivalent Contlinuous
Exposuras for Populations With Changlng Holse Exposures

The exposures shown in Table B3 are our best eatimate of tha effectlve
nolse dosage produced by partlcular Joba and recelved by production workers
en any one day In 1975. Howevar, with the passage of years, two kinds of
changes In Individual workers' oxposures occur which must be dealt with in
any adequate description of population exposures:

Horker mobl1ity. Workers In relatively nolsy Jobs effectively

exchange pleces with workers In rciatlvely qulat Johs., This

reducas the effective exposure avar tlme to Individuals rotated

out of nolsy Jobs, but Increases the total number of workers
exposad,

Changes In _Job noias levela. On compllance wlth occupatlonal
nolse regulatiens, Indlviduals in nolay Jobs would exparfence
a change In exposures,

Burns and Rohlnson,2 In thelr study of the effects of occupational nolse on
hearlng of a selacted populatlon of workers, found that 1t was possible to
formulata a simple rule for converting exposures which varied In the course
of a 1lfetim to continous expasure levels of equivalent Impact on hearlng.
This {s the famous “equal energy rule'" ~-so namad because exposurcs of roughly
equlvalent energy (with the “A" weighting of d¢lffarent frequencles) wore
found to haye roughly equlvalent haaring Impalrment effects., In more
mathematlcal tarms:

e T D oL T N R R
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AGE ~ EXPOSURE MATRIX FOR SIC 20 ==FOOD AND KINDRED PRODUCTS*

Exposura Lavel Age Group Total,
10-24 25-34 35-hh h5-5h 556-64 65+ All Ages
Lesa than 80 9.10 13.08 12,51 12.51 8.53 1.14 56.9%
80-85 2.9 h,19 4,00 h.o0 2,73 .36 18.2%
85-90 1.06 1.53 1.46 1,46 .00 .13 6.65%
90-95 2,39 3.4h 3.29 3.29 2,24 30 15.0%
g95-100 0.37 0.53 0.50 0.50 0.24 .0hb 2.29%
100-105 a.14 0.19 0.19 0.19 0.13 017 0.85%
105~110 0,013 0,019 0.018 0,018  0.013 .0017 0.084%
; 110-~115 0.013 0.019 0.018 0.018 0,013 0017 0.084%
? Total, All
: Exposurs Levals 16% 23% 22% 22% 15% 2% 100%

% AlT flgures are In porcent of total warkara In the Industry,

AIRL) 3 10Y HYAY Lo38
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saswrption #?7: Foo any menber of noioe expoowrce for ny years at Y. dba,

an equlvalent continuous vxposura, L

q iv given by:

0.1()’1:-80;

In.10

1
Lyq = 80 + 10 Logl iy

1.4.1 Effective Exposure Changes Due to Worker Moblllty

Given Assumptlon £7 above, and the baslc concept of worker meblllty as
fob exchange,® how can moblllty be mathematically defined In order to form
the basls for computations of (1) equivalent continuous oxpoiures and (2)
exposed population slze? Consider an Individual (A) of age (n) In a Job of
(Y) dBA dally nolse exposure. Imaglne that (A) 13 onc of a large growp of

workars of the asne age who have exchanged Jobs at deflned, regular Intervals

alnce beglnning work at age 18, How lat us doflne a worker mobl1ity Index
WM at the time polnts when exchange I3 about to occur as the number of
Intervals which have elapsed for (A) alnca aga 18.a% Thus {f the Intarvals
are 20 long that the First Job exchange I3 about te occur {the interval Is
oqual to the Job tenure), there I3 a workar mobllity Index of 1. If the
intervals are shortar, so that mere jJob~exchanges have taken place tho Job
mobl 11ty Index takes on values greatar than 1. In all cases WM can be
Interpreted alther as:

(a)  Tho number of Jobs of equal length (A) has held since ago
18 {Jobs/worker}, or

(b)  The number af workers who have held the naulay Job slnce
{A) was 18 {workers/Job), or

(c) 1

The fraction of each exposed worker's work exparfence apent

In a nolsy Job.

*Ho Jobs ara galned or Tost tn the jrocess. impllcitly, we conaidar a sub-
atantlally full employment situatlon In which the msuber of workers |Isa
equal to the nurber of Joha at any one time.

*AThis I3 equal to the numbar of Job axchangas whlch have occurred, con~
sfdaring only tha time polnts when an exchange 1a dua,
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Therefore, for a worker mobility index volue of 3, the total population which
has been exposed Is simply three times the number of jobs, and by the equa-

tlon In Assumption #7 IT tha "gulet Job'' exposures were at 80 dBA,* then ch

for that population [s:

Leq(sm3)

0.1(Y-00)
= 00 + 10 log 10 ) 12

Simllarly, for a worker moblfity of 9, the total populatien exposed would
bo nine times the number of Jabs and the ch would be:

“eq(uH9)

~ 00 + 10 log

10

o.l('r-ao)+a

9

Table B6 shows the ch's for vartous values of Y and worker inghilftles of

ono, threa, six, and nine.

EFFECTIVE EXPOSURES WITH VARIOUS LEVELS OF WORKER HOBYLITY

TABLE B6

WMl HH3 WHS WHI
L With One Third of 0ne Stxath of One Hinth of
q Each Worker's Each Worker's Each Worker's
o Job Work Exparlence Work Exporlence Work Experlence
Exchange  in Nolsy Job In Nolay Job in Nolsy Job
82.5 81.00 80,5 fo, 36
87.5 84,05 82.48 81.80
3.5 88.19 85.79 8h.57
97.5 92.88 90.09 88,54
102.5 97.78 4. 84 93.15
107.5 102. 74 99.76 98.02
112.5 107.73 164.73 102.98
Relative slze
of the 1 3 6 9
exposed
population

AThat cxposures for Jqulet Jobs'' average 80 dBA exposure 1s an assumptlon
we use throughout,

o et e = e
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In the maln text of our testimony (Sectfon 5,1.2) some evidence fs pra-
sented which tentatively suggests that worker mobllity, defincd onalogously
to tha simple case glven here, 1s roughly constant with Increasing age ond
may be approximately equal to three.®™ For purposes of our computatiens, ex-
cept whers otherwlse stated, we assume a worker mobl ity vatue of three,
Operationally, the affect of this assumptlion s to chonge the "exposure
leval” column on Age X Exposure matrices (such as Toble B5) to the dBA
values shown undor WM3 on Tuble 06,

1.4.2  Equlvalent Continuous Erxposure Levels at DIfferent Times Under
Different Compliance Scenarios
Beglnning with the tlme of compliance with elther 80 dOA or 85 dBA
ragulatlions, the workforce wiill consist of Indlvidunls who have spent varlous
proportions of thelr working I1fves under pre-compllance and post-complianca
axposura condltlona.#* The proportion of pre~compllance to post-compllance
axposures wlll vary systematically with

{a} age--Other things belng equal, the workers who sre older
at any ona tlme wl1l have spent a larger proportion of
their working llyes under pre-compliance condltions.

(b)  tlme after compllance--Other things being equal, the proportion
of workers' experience undar pro-complience conditfons will
docrease a3 more t!me paases after compllance,

Tha equatiaon glven previously In Assumption #7 allows us to compute
equivalent continuous axposures for any Individual age group of workers at
any time aftar Inltlal compllance, provided that wa make assumptlons about
(1) the expoaure conditlons pravalling throughout the entire work hlatary
of the workforce prior to compllanca,®*® (2) the age at which workers enter
the workforce. For slmpllcity, we have chosen to use the followlng assumptions
on these Isswes for our exemplary calculations:

*Hate cayeata on TabTe .2, p. 6-12.

AtThe ultimate equllibrlum of pure post-compllance expoaure profiles will
not be achleved untl | the entlra workforce present at the time of com-
pllance ia replaced by new worksrs~~at least forty ycars after compliance,

#ktThat |a, have nolse exposures In the past been genarally greatar, lossa
than or equal to the nofsa exposures ealmated by BBN for 19757

T T e e e e T L Y
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Agoumption #8: Throughout thae antirg work hiotory of workera omployud at
tha time of compliance, noiove axpoonres produscd by {n-
dividual Joba will have been conatant at levelo ohoun in

Tabla B3. 4

Avorrption fid: ALl produotion workero enter the workforee at age 18 and
work eontinuonely thereafiter wntil rotivement,

Table B7 shows the equivalent contlnuous exposura levels computed in this
way for the tlme-point 20 yoars after compllance with an 85 dBA regulatien,

ALE B
L, EXAPOSURES TWENTY YEARS AFTER COHPLIANCE WITH
9AN B5 dBA REGULATION (WORKER MOBILITY OF i)
Aqe Group
Fra~Compllance
Exposura Lavel# 18-24  26-34  35-h) h5-04  §5-64  65~7h
81.00 81.00 81.00 81.00 81.00 81.00 81,00
84,05 2,136 82.36 B2.54 83.07 83.33 83.47
88.19 82,136 82.36 83.35 85,50 86,31 BG.74
92.88 B2.36 82,36 85.22 89.22 90.41 21.01
97.78 B2.36 B2.36 88.46 93.72 95,08 95.7h
102.7h ' 02,36 82,36 92.7 98.55 99.97 100.66
107.73 82,36 82,36  97.44 103,49 104.93 105.63
Average HNo,
Yoars With 0 0 2 12 22 32
Proe~Compllance
Expoaures
lto. Years. With
Poat-Compliance 3 12 20 20 20 20
Exoosures
*Exposure shown are aftar allowance for a worker mobility Index of 3
{sea Section 1.4,1. for darlvatlon). WIth thiz worker mohlllty Index
post-compllance exposure to 85 dBA tranilates Into equivalent contlnuous
exposura to 82,35 dBA,

#As modifled, of course, by conaldarations of worker moblllity, Implicitly,
alsa, no offact s asslgned to pravious programs of audlometry and hearlng

protector usa,

e MR L o SRR



ADCO TV IVAY Ls38

I Ut e e R o=y Fod Sonr L

g Snilivhar i SR L

g b ry

PR

=1,

B=17

tt may be chserved that Assumption #8 has the effact of treating
P"compliance' as a uniform time-point across all Industry. It Is clear,
hoviaver, that compllance will be achleved over soms finlte time perlod as
tha Invastments In nolse control are made by dffferent flrms in different
Industrlfes. {In formulating our "compllance scenarfos' we have Tmpllcitly
aasumed that the minimum 1lkely tima-period for this Invastmont will be flve
yoars,) For thao bencflt computations, we have chosen to date the Inftlatlon
of "compllance" as beglnning all at once at the ond of thls flve-yoar parlod.t
This procedure wiltl somewhat underostimate the magnitude of pre-equllibrium
benefits,

Z.  ESTIMATES OF HEARING IMPAIRMENT AND HEARING CONSERVATION BENEFIT

The previous scctlion Indicated the metheodology and assumptions used [n
astimating equivalant contlnuous oxposures for the population of production
workers at varlous tlmes under diffarent compllance scenarloa. In thia
sectlion we shall set forth our assumptions about the relatlonshlipa between
exposure, age, and hearing Impalrment, and show our methodelogy for cemputing
equl librlium and pre~equllibrium hearlng conservatlion henefits.

2.1 Ralatlonshlps Aetwean Nolsa Dase and Hearlng Impalrment Risk for

Diffarsnt Age Giraups

All of our computatlons to-date are bascd on the Paughn obsarvations of
naelse~induced hearing Impalrment among a large group of U,5. automoblle
workora.l

Asswmtion #10: The Baughn damage~riak -data acourataly prediat the beat
expacted valua of notee-indusad hoartng trpairment for the
extoting population of U.S. workera in all industrioa.

Use of this particular data set la not without controversy, In our earller
publlcationt* wo enamlped the objectlons which have been ralsed to tha Baughn

“#For the twa-step compllanca acenario [50 (5 years), 85 (10 years)]

“:for bepneflt computation 'compliance’ with 90 occurs all at once at tha flve
year time polint, and 'compllance'" with 85 eccura all) at once at tha ten year
tima polnt. '

#Afafarence &, pp. 2-17 and 2~18,

PISRWELIID bi s ST VT L e e fa R o s e e
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data and concluded that desplte some uncertabnties, the Baughn observatlons
arc the most approprlate dato~set currently avaitable for estimating 1lkely
hearing consarvation benefits., That discussfon need not bo ropoated here,

There wore threo baslc steps nocessary to convert the Baughn data to

a form usable In our calculations:

(1} The total riskt of crosslng specific fences (at 20, 25, and 50 dB
averaged at .5, 1, 2 KHz RE: 150) for selected age groups and
exposure levals was read from Figures 8, 9 and 11 of Reference 1.

(2) For each age group and fence, the rlsk of crossing the fence
with 80 dBA oxposure was subtracted from the risk of crossing the
fance at other exposures, The result wna the estImate of nolse-
induced risk after allowance for prosbycusls.

Aspaurption §11: At 80 dpA continuown expooura all hearing Impairmant fo
chia to prasbyousio mmd nona i due to noisa,

{3) To compute the nat change In proportion of people In the 20-25
dB hearing level range, the rlisk of crossing the 25 d8 fence was
subtracted from the risk of cressing the 20 dB fence for oach
age and exposure group., The net change [n the proportion of
peopla [n the 25-50 dB hearlng lavel range was simllarly computed
by subtracting the risk of croasing the 50 dB fence From the risk

of cresaing the 25 dB fence,

The reaulting relationships between exposurs level and the Increase In
tha proportlon of people of specific ages in di ffarent hearlng level cate-
goriea ara shown graphlcally [n Figures Bl through B3, In some cases
{particularly the older age groups for the 20-25 dB hearlng leval cqtugqry)
it can be scon that the functlan takes an negatlve values, In those cases,
the Influence of nolae I3 to move more people out of the Indicated hearfng
leyel category (and Into categorles of worse hearing level) than are balng
moved In (from categories of better hearlng lavel),

FRTsKT of crosalng a fonce as used here rofers to tha propertlion of the
population sxpected to cross that lence,
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FIGUAE BI

DAUGHN PAMAGE =R |5k DATA
FOR HEARING LEVELS IN
20-25 dD RANGE#
% Of Addfclonal
Workera Experlencing
Hearing Levela In
20-25 dB Rangemt

40
30
AGE
2
20 30
10
%0
82.5 87.5 97.5% 162, 107.5
EQUIVALENT CONTINUOUS
NOISE EXPOSURE (dBA)
SINCE AGE 18 50
~10
-20
60
n30

A Aftar subgraction for prashycuals.
#+ (.5, 1, 2 kHz) Ra: 150,




FIGURE b2
DAUGHN GAHAGE-RISK DATA
FOR HEARING LEVELS N
25~50 d) RANGLC*

60
3 OF Addltional AGE
Warkers Experiencing ho
Hearlng Lavels In
25-50 d8 Rangctt
1
ho
]
é
10
|
I
20 '
' 10
r i
i avear
~
L N2
b2.5 B7.5 3.3 97.5 102.5 167.5

EQUIVALENT CONTINUOUS
NOISE EXPOSURE (dpA)
SEHCE AGE 18

® After subtrac:lon for preshycaals.
* (.5, 1. 2 kHz) Ra: 150,
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FIGUAE B3

BAUGHN DAMAGE-RISK DATA
FOR HEARENG LEVELS IH
» 50 dil RANGE*

60

% of Additional
HWorkars Expertencing

Hearlng Lavelsa In
» 50 db Rangmnx

ho

30

20

B2.5 7.5 32.5 97.5 102.5 107.5

EQUIVALENT CONTINUOUS
HOISE EXPOSURE (dBA)
SIHCE AGE I8

n Afrar subtraction for preshycusis.
#n {5, 1, 2 kHz) Re: 150,
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2.2 Computatlon of tho Numbar of Peopie In DIffarent Hearlng
Impalrment Categorles at Any One Time

Given the relationships shown In Flgures B1-B3, for each state of
compliance and time~point Tnvestigated, a sot of three ''rlsk matrices"
vera derlved, conslsting of the proportion of ench pge X Exposure group
moved to each of the three hearlng lovel categories by the influgnce aof
occupatlional nolse. For ?ranmpla, the risk matrix for the 25-50 dB hearing
level category far the time=polnt 20 years after comptlance with the BS dbA
stendard Is shown In Table BS,

To compute the numbers of workers oxperfencing hearling levels [n varlous
categorlos because of the Influence of nolse at each apecifle tlme-point,’ two

additlonal operations wore performed:

(1) The appropriate "risk mateix" was multipled by the approprlate
laga X Bxposure matrix' and the worker mobltity Index,

(2}  The resulting numbers of workers exparlerclng hearing levels
In the specifled ranga wara summaed for all age and exposure

groups,

Using these procedurcs, the numbers of workers in particular hearlng level
categories ware ostimated for the varlous compllance scenarios at timem
points 5, 10, 20, and equillbrium (40) years after Inltlal compllance at year-
5 In the dlagrams In Figure 4,3 of the maln tent. "Beneflts" for each acenarlo
at ocach time-polnt were daffned as the difference between the predicted
number of poople with a given level of hearlng Impalrment under the scenario
In question end tha numbar which would suffer that Impalrment under the 'O
scenarlo (no changs from prasant caposures).

2,3 Computatlon of Pra~aqulllbrlum Parson-Yearas of Impalrment Undar
Pl fferent Compllance Scenarios
Idoally It would bo daslirabla to compute a mathematical functlon which
would duacriba the benefits of each acenarlo at ali time-polnts from compllance
through ultimate aquilikrlum, Then that function could he integrated over

Bt UL S VR T IR R S i
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TABLE b8

Proportion of Workers Added to the 25-50 dB Hearlng Leval Category

By The Influence of Nolse

(Time: 20 Years Aftar Compllfance with 85 db Stoendard, WM3)

Pre~Compllance Age_Graun

ch Exposure

Group 16-24 25-3h  35-h4 h5-5k 56-64 Over 65

Leas Than 80 4 0 0 0 0 0
81.00 001 .0076 011 015 018 .Q0h
84,05 00236 0179 03 .0h5 055 015
88.19 00236 L0179 04 .085 095 .035
92.88 00236 0179 065 156 .155 L0
97.78 .00236 0179 1 .2h5 .22 075
102,74 00236 L0179 20 355 25 085
107.73 00236 0179 32 L .31 .035

AThls columa Ta for group {dentiflcation only. Tha Indlcated an Is after

adJustment for worker mobfllity, but bafere adjustmant for change In exposure
due to compliance with the regquiatioen,
reflect tha exposure matrix shown In Tahle B 7 which does Include the L
exposure reductions attrlbutabls to the twonty years of complinnce wlth

rthe regulation.

The risk numbers shown, howavar,

g o g e £ P i b A s —aa
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time to arrlve at a precise ostlmate of the person~years of fmpalrment pre-
vented under oach scenario prior to equillbrlium, Pending development of such
o functlon howover, It 15 possible to obtaln a reaseonable approximation of
the ultlimate result by essontlally drawlng straight Vincs batween the number
of people (P) kopt out of each hearing impalrment category at the dotermined
time-polnta (0, 5, 10, 20, and 0 years), Usling thls procedure, the total
number of porson-years of impalrment In any glven hearlng level prevented

by a particular compllance scenarlo Is given by:

g+ PE PS + Pm
Person=Years of Benefit = (5 yoars) (-—2—--) + {5 years) (——2—) +

P.+P P t P
{10 yoars) (-19—7‘*32) + (20 years) (—20—2—‘@1‘
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Occupntion

Professlonal
Managerlal
Clerical
Sales
Craftsman
Operatlves
kaborars

Source: J,N, Hadges, '"Absence from Work-~A Look at Some Natlonal Data",

Appondix C

Rate of Unscheduled Absence for Wage
ond Salary Workers by Occupatlon, 1972,

Absant Part of

Waok~ Absent Entire Wock=~
Hadical Causni Total Causos
2,1 1.7
1.3 1.5
3.0 2,0
1.5 2.4
2.1 2,3
3h 3.1
3.2 2.7

Hunthly Labor Raview, Vol. 96, Na. 7 (July 1973), p. 28
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Componpated Casve Cloned, New York State, 1959 - 1973
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Appondix D~

OCCUPATIONAL LOSS OF HEARINGY/

Numbur of Canmvs and Cost of Compunsation

t : Amount of

Yoar of 1 Numbor i compenantion
clondoge 2 of _saagnq : ayansied
1959 70 $ 713,891
1960 69 80,258
1961 184 232,856
1962 110 128,883
1963 T 121,987
1964 84 128,019
1965 82 139,128
1966 54 118,624
1967 %0 206,076
1963 105 201,485
1969 67 164,440
1970 101 251,521
1971 106 21,7
1972 165 434,911
1973 R27 543,652

1/ Mainly due to continual exposure to loud nolse,

Nota:

Modical and hoapital costa are not included in

the compennation awarded.

Prapared byt
Workmen's Compeneatlon Doard
AMrminiatrotlion Divialon

Office of Renoarch & Statiatlca

May 18, 1976

New York Htate
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Appandin D=2

Begupational Dissasse
Compansatla And Compromiss Casss Closnd By Varker's Compenzacion Divislon
1970-1975
Loss Of Hearing

1atal Avirage
o, OF o, | Amgunt | Conpen= Total Avarage
Hatura Of Injury Computi= [ Ampunt Of or arf sation Mo, OFf Amounk QOF | Satclamang
sabla | tndamnlcy | Fas | Hedicel | Por Compromina | Indemntcy | Par Case 3f
Yanr Canmi Cnnay Ald Casn 1/ 1 Canan
Loss OF Nearing
Ocewvpatlional
1270 § 91,700 1 1 M7 a1, 2 123,20h b 2,503
"nn Al 98,592 A 1,479 :.lls 14 27,082 1,235
1372 60 1hi, 163 1 535 1,0 12 61,252 1.1!5
a1 54 131,128 ] 1,085 1,008 14 87,727 a,h3
1974 5 1)5,101 18 1,6)0 FNTH Jo 11,161 2,11
0n 17 xA7,207 L 1) A,334 ,h) L] 78,135 2,252

N/ Avarags Indemnlty peyment pltuy avarsgs madical paypant,

2/ Insludes averaga conpromias paymant plun aversge medicsl ald.

NOTE: Compensable casea Include all casns, encept compromise cases, in which Indemnlcy
{warkmon's compensation) 13 dus and payabla. :
Compromlae casea Include ald cases In which a comprombac of )fabllity under the
Warkmen's Compensation Act of Hisconaln Is made by tha emplayar and the employea,
Tha amount of the compromise sattlement includes hoth Indemnlty and medical ald.

Prapared hy:
Risk Hanagemont Sectlon, Reasarch and Statlatlca Bureau, Dopartment of tnduatry,
Labor, and Hwmen fslatlona, State of Wisconsin.
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APPENDIX D-3

INTERNAL EAR HEARING
WCAB STAT|STICAL REPORTS
TABLE 9-~1NJURIES CLAIHED ON ORIGINAL FILINGS*

Ty | et
Bakerafield 24 18
fell Gardena 159 250
Eurcka 37 35
Fresno 26 81
Inglevwood 57 52
Long Boach 113 161
Los Angeles 119 172
Oakland 91 130
fomona 72 124
Redding 98 66
Sacramento 85 99
Sallnas 8 21
San Bernardine 167 128
S5an Diaga LU 69
San Franclisco go 948
San Jose 13 h6
Santa Ana 98 130
Santa Barbara 25 55
Santa Monlca 33 59
Santa Rosg 21 4o
Stockton 21 38
Van Nuys 137 150
Ventura 64 66
Statew|da 1,602 2,028

*
Orfginal fTlings Include applicatliona, atipulations with request

for award, and requests for approval of C & R,

Preparad by;

Accldents, Stata of Callfornia

Workers' Compensatjon Appeais Board Plvision of Industrial



APPENDIK D=h

TOTAL POTENTIAL WORKEAS COHFEHSATION PAYNLHTS SAVED AT EQUILIDAILY
DASED O HUMDER OF WONKCRS NG LONGEM COMPEHSADLE
{O1senunted to Present Value)

15-50 Jdha > 60 ¢n®
Prosent Hinuy Present Hinus Present Minus Prosant Hinus Total Present finus Total frasant Hinus
Lomnly 115 Cotply 490 Comply BG fomply T fomply fomply 10
Fresant Prosent
Total Yalue OF Totsl Value GF
Ranga Yaar Thaousends 3 MiNlloay  Thounands ¢ nidllens  Thousands 3 Mlllons  Thousands $ nillions  § Hillions  Annulty 3 Hilllons Annul ty
P Ysare  Aldpolat  OF Parsons Savail 0f rarsons Saved Of Persons Savod af Parsons Saved Laved ar 31 Sayed or 41
0-5 2-1/72 2.5 6.0h 1.3 Lhn .1 .20 .2 1.13 B.04 .96 5.04 20,66
5-10 7-111 7.2 20.52 LS 12.26 . 5,31 b 2.66 25.84 75,76 I1h97 43,63
19-15 12172 10.0 10,70 6.2 17.67 1.4 .31 6 3.99 L1 M RIER 2068 LLAL
1520 17172 14,9 LYY B.7 24.00 .0 13.30 (] 1.32 55.77 a1.8¢ J2.12 47.73
{20 yr) Q00,89 {157.16)
20+2% 221-1/2 7.8 50.713 10,1 20.76 1.4 15.96 1.} 0,65 L6.67 Jo.63 3 35,65
25-30 27-1/2 0.4 50,1k 1.} i 3.1 71,20 1.} [1Fp ]l 79.02 59,96 h).52 J2.06
3033 5-1/2 1.0 67.0) 12.5 35.61 3.8 15.21 2.0 .10 9310 h3.99 A8.9) 6.20
b ALY - 25.3 7?11 12.7 19.05 A 1y.26 2.3 15.30 101.37 30.02 54,35 20,02
Tote] Savinge Gver Flrat AG Yoary
After Compllnnca 8§ 5.4
d28.77

After {owpllance 40

—_——————

for compersation cafculmtions handicep 1o meanurad o3 1=1/2 percant for sach
loas betwesn aversge hearing lavatn of 26 0B and 92 a8, Pased on 10 state aversge
mexlom paynent of 512,000, 158 hendlcap {at 25-50 dB) equals $2,850/workar, ang
358 hendlcap {at »50 48} equals §6,650/morket.

Explamation of Mathod Unaed In Duriving Tablae D-4

Using the nuber of modarately and sevarely: Impalred workers who leave tho workforce at years 5, 20, and 4D at 90 and 85 dBA
{and henca are prevented from belng placed In the compensabla cntegory), we have extrapolated to the midpolnt yaars for alght

5-yoar ranges over a 40~year compllanca perlod,

Wa then multiplled tha mnumbar of "saved" workers by a hearlng [mpalrment

poyment depending on tha severity of hearing loss to obtaln the annual workers' compensation savings for tha mldpolnt years.
Thase were totalled to obtaln tha savlnga for combined modarate and savere hearlng losa for both 90 and 85 dPA atandarda and

discounted using on ennulty mathed to arriva at a A0=-year aqulllbrium totol savings.

A 1Y TTAY 1833
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It yout prqrem it Insorrect, pleape changs on {N4 bove level;
1oet ol pnd raturn I Ihe aBovs pidiany,

i you &4 nat eeirs (0 conltnwe recelving this lecnnical rapar
verten, CHEGH HERE L] ; 1vat @11 100w, pna retutn it Lo IDe

ABGYE FEATIN,






