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This document is the final report on a worksh
Engineering (NRBL), &mM2Q8ct dhers 2vbr kshop, " Occup
Ri sks andwaGo notrrgoalnsi,z’ed by the | NCE Foundati on

me mboerrgani zed events. The steering committee ¢
Sapienza University of Rome; Patricia Davies

NAE; oGr&.g Fl eming with the Vol pet Nrajt i Rolmer tTr@a.n
Hell weg Jr. with Hell weg Acoustics; James K.

Wood with Acentech.
This "Occupational Noi s"e&woEkphopr e epRirsks na

summary of each presentation and I mages of se
of workshop discussions are also included. Pr
foll owed by three appenklBsbhep: pAppeadi xXAppwindih
of attendees, and Appendix C with a I|Iist of a:
NAE executive officer and chief operating
on the workshopdés first day. |l ntroductions wel

Robert Hell weg, Eric Duchar me, Gr egmgotFd emi ng,
addresses focused on the state of occupationa
and occupational hearing loss in the US, and

induced hearing | oss.
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The October 2023 fOccupational Noi se Exposure
ri sk of occupational noise exposure for US wo
controlling it. As noted by James sTshwempossfon i n
occupational noi se exposure has |l ong been rec
this area, yet significant challenges remain.
estimated to be overexposiegilhadraed.y, this is no
OPENI NG REMARKS

To start the program, there was an acknowl edg]
and George Maling, who founded the Technol ogy
the planning and execution of W hthdi2r pfr@mii loiue:s
provided brief remarks on the i mportance of t
gratified George and Bill would be, to see th

Al ton Romig, executive officer of the Nati
wel comed workshop -¢gay twein lpameé . tlon thhies tav@e ni n ¢
shared his perspective on the challengses rel a
for workers.

I n industry and el sewher e, Romi g noted, wo
the speaker himself has been no exception. He
began as an intern whoe«kritnly 9 ro maswleearbeostedl 68
supersonic oxygen | ances and dynamite used to

After recounting his experiences with nois
become cl ear over the | ast few decades is tha
even for short periods, as heayisgydamagéSoc¢c
you take this opportunity to |isten and | earn
back some | essons | earned that you may be abl
coll eagues, and eatohers in the workforc
MAI N PRESENTATI ONS
The workshop consisted of 20 presentations, a.
presentations and discussions are summari zed
order in which they took place during the wor
Keynotes
The first keynote speaker was Richard Neitzel
overview of the state of occupational noi se e
exposure as a fAubiquitouso tlyspoe golfo beaxlploys. u rFer om

M



perspective, regulations with the force of | a
wor ker health. He went on to say that noise r
compliance efforts by occupati oerdl|l tbafélayi and
Occupational Safety and Health (NI OSH) esti ma
exposed to hazardous | evels of workplace noi s
of high occupatioheael ppohsederwpbobsthat where wo
|l evels below 100 dB(A), Occupational Safety a
Safety and Health Administration (MSHA) amend
to provi deecpteirwvseoneagu ippnmeent to protect workers.
government 6s inspection burden and paints a p
that this reduces the need for engineering co
prot ed&terwo

I n the second keynot e, Eli zabeth Masterson
occupational hearing |l oss in the United State
the most croenmamnedvolmé&al th i ssues, twiet USamppnr &x ini
popul ation experiencing hearing di fefxipcousletdy. Hi
wor ldelr7s pdweamt hearing protection. From the da
manufacturing ar e-rd erksii shtohaurstihley etah € rhoiagdh e sntd u st
report hearing difficulty, which is the highe:
that some industries, such as real estate, fi
social asai $t-tghhecep e htae@® preval ence of noise e
research. The takeaway from these numbers: N o
nNoi se exposur e.

The third keynote presentation was made by
Colorado. She discussed -immded sd olieahiengrleoent
four primary model s with promiskeealbtiptprvewnentwi
medi cine model, the regulatory model, the med
Each model was discussed in some detail, high
The presentation concluded wi-ddolao giuaramarmo dod |
hearing health promotion. Theaderamg,t Hd epuwhblgia
ring, the interpersonal ring, and the fAsel fo
model for a successful prevention program i s
the target populiatciludi hagsddhosre fredtadred t o dem
environment, and culture. Messaging should be
adapted as necessary.

Presentfacduronmaijiomr areas

Are workers being adequately protected from o

Mel ani e Hayes from OSHA gave a presentation a:
and protection. She noted that in its worker

safety and health standards i nvcdruidn gn gt hneo i yseea res
to 2013, research by Sayler and coll eagues fo

H



OSHAG6s noi se exposure measurements, with abouf
permi ssible exposure | imit of 90 dB(A) and 78
r
0
t

Hayes cited the need for bette traiamdg tool
i mportance of hearing protect.i n
The presentation from Christa Themann of N
same agency The topic of this presentation w;
chall enges related to occupational noofi se expo.
audi ol ogy research and workplace hearing cons:
to measuring and managing hearing |l oss. Cited
occupational noi se, inadequatefmeasseesootrioé¢
overemphasis of hearing protection, and cul tu
Gregory Flamme from Stephenson and Stephen
provided an overview of human hearing. He not
mi ddl e, and inner ear. Di scussi ncge d haeu deiffielcittsy
(reduced difference between the signal one in:
ambient noise that might be masking the signa
said of the negatilveedse fdfaeicltys loifv enso itshea to ni tp enoapy
eliminate them but perhaps they can be render
The next presenter on this topic was Coll e
Dal | as. Her presentation | ooked at whether pr
goal . She highlighted the fagly gbdae¢ Ohegapwnt e
the approaches being researched toward preven:
assessment is that scientific study is suppor:
occur over a windowxofdatnitme .h aWar ischwoswnamr omi s e
studies, for reducing threshold shift. Howeve
doden reaching beyond the audiogram to effect.]
i mprovingfappsoadlyesng conditionmossehdasicihbs
The final presentation on this topic was m
his current project to update the NIOSH noi se
document was created in 1972 and rreivtiiseesd fionr 1
consideration in this update:-ahjeast mgntprtodillice s
assessment of complex noise exposures. He not
additional topics may have to be revisited.
What are the quality of |ife and economic i mp
empl oyer, and nation?
The first presentation on this topic was by J
focus was the financi al and economic i mpacts
the nati on. Her fundamentapapremakenwiaset é&apo:
enor mous, and economic analyses tend to vast/|
wor k. Economic models are challenged to deter
i ssue, given fact orfs iddmnle sasse sumddar ri exg arrtiiersg a
per sonal and soci et adofvdleua amparcd smoneti ze qua
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SCUSSI ON: WORKSHOP REVI EW AND GUI DI NG

ompson opened this discussion and ask

n, Deanna Mei nke, Laurie Well s, and M
dations coming out of t hteh weodrukcsahtoipo.n ,T
analysis, human i mpact, and the need

to take action to reduce the risk of
ne ranged from bettpdatesciadi oagolf at it
The final di scussions were focused

erexposur e.

REMARKS
upati onal Noi se Exposur e: Ri sks and C
who summari zed some highlights from

ring the workshop reportunmnotyi n® tphatv
the summaries of their presentations
tions made the workshop a success.
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Background

The 2010 National Acade myecohfn oElnogg yn efearilnag Q uN AeEt
( TQA) emphasizes the i mportance of engineerin
particularly the role of noise control techno
addressed include environmemazdr chou s en dins e oimmm
wor kpl aces; metrics for assessing noise and n
and regulations for -peoéeduict aovalgsiemi 5gi omasi s
of government , endfuocrantaitoino,n ainnd npouibslei ccoint r ol . T
of related recommendations, I mplementation of
exposure and i mprove the ability of US indust
attentiimgh pai et o productsd noise emissions.

Foll owing publication of the NAE TQA repor
This workshop series began in 2012 with a mee"
foll owed on topics such as quiet pavegenhsij se
from commerci al aviation and air mobility veh
engineering education.

Wor kshop Overview

This report is a summary of the AOccupational
held in Washing2bn, 20EZ3. ohh®&cworRdhop, hosted
of Engineeffimga desr itehse nalf3 olrCkAs Hoopsl oow gani zed u
announced by the NAE i n n2i0tli6attehda te vaelnltosws f or

This report covers the 20 AOccupational N o
Presentation summaries were prepared by a pro
presenters had an opportunity toorevipewlilkats
Occupational noi se has been a recognized I ssu
Il n the | ast 50 years, regul ations and articl e
associated with ocdwhpat i wom&lshmoepi $§@®@ceisgas wme .c u
the risks of occupational nNoi se exposure, app
understanding how much progress has been made
nNoi se eexapnods uirn associ ated worker protections.

To open the workshop, James Thompson revi e\
the | ate George Malingdés and Wi lliam Langds f
founders of this workshop seri esr.oulnQ@Ab roeweeksi nngu
contributions.

IKGLIAYKK S G 6DY | S DS RiizR Iz ENivSNEIO&Iy 2 £ 2 3 @
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g session of the AOccupational Noi
fi npg arotdiuccit g aomts sbeyl fname and prof essi
eering committee memhed Jdameés Tbom
nd reflections from family members
| and professional achievements of
hotographs ar¥.e included as Figure 2.1
r starters following participant introdu
w workshop organizers Adnan Akay, Patrici
t Hell weg, and Eric Wood. H er gaal nsi oz aet xi porneasl !
echnical sup t from the National Acade
r, in parti
terms of th
ver a broad
hblpe meeting
ing, but also

r
i ion for the meeting, Th
g
Y
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ure. The worksho
u
0
0
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r e of expert viewpoints n
resented an opportunity |
r open, frank discussion
p ai med t o blodlsg edevelleop
papli emeant aoiicre eXxpdappumr e@a (

heari ng.
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pson said, dAlt is important to reco:
i ngeixnigs ttebniecset saendi ¢ ei st age for what

, Thompson opened the floor for remark:
ndance. George Malingdés son Jeffrey sp:
and standards duri ng hibsornaatnoyr yy.e alknsd ew
ous pressure to finalize noise testing
ir sale, Georgekeamwdbrikredhitsd rkked meséad gy a se thé
me noi se wase rexdtuertd. to the appropri at
Georgeds nAreal passion, 0 his son state
r f odriunnesl uhde ncgo utlhded wii G@Ah ctohnef esriemnmpclees but
ise is pollution. Georgaegwbolcdsbenpt e
dustridds spallricwetsi o, nmndeal so as t he «ceé
wor kshop achieves its promise of help
nt rol e in liinepnrso voifn g etolpd el iwoersk i onfg minl a
out the world,o Jeffrey stated. He add
ncluding his remarks by noting that th
tiog hbte oaf hhiigshlcar eer. AHe would be thril
ccupational noi se exposure continuing I
I i am Langds son Robert shared remar ks n
ing committee and others Afor continuing
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would both be so h

a y. o0 His father continuall
execute each wor ksh

(YUY
op. As for a story that ev:
t

with, Robert shared hat, 1 nelrdeskiadfdg etrhrmowsglpa
found photographs of his father i n Bermuda at
when a trip to Bermuda was a fibig deal 0 given
boat. Among t he ugiactturi gogs wafs tomies wBdarhma per son
Robert, with a note on the back confirming it
fatheros | ife that was new even to Robert, it
emi nent Abbett Eins

Georgebd wi f e, Norah Maling, echoed that hi
grateful o that these TQA workshops were carry.
recall ed the privilege for both bkrCanteheeahb
year i n support of the academyds i mportant mi.
engineering and technol ogy.

James Thompson concluded the introductory
contributions to the noise control community.
years, he stated, by taking on talsksosfuehemse:
stepping up in whatever additional ways <coul d

Figurl Geolrge and Norah Maling
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Al ton Romi g, executive officer of the NAE, we |
Control so wor ks hopdeayarme ectiipragn.t sl nt ohitsh eo ppemoi n g
his perspective on the chall eange st ornesleagtuesth ctecs
wor ker s.

Il n private industry and el sewhere, Romig n
noi se, and the speaker himself has been no ex
career that began as an +ihetet whedmelpihreg wiars a& X9
to supersonic oxygen |l ances and dynamite used

Later, while employed at Sandia National L .
| arge machines, rocket sleds, explosions, and
were being testetdi mOuwomigen adawoertriaee ariutl gr antaey/ c tt
but t hdolsiek evhmanywenagsiinteeerfsor peri ods of minute
not Even if it was available, Athe macho thi
wear hearing proteaetlionkmMeddtMarFtai meoSheal st loe Mjoho &
to the sounds of military jet engines, althou

Over years of exposure, high |l evels of wor
tinnitus, and the | atter condition makes the
Romi g stated. After briefl ys riexcowel,t itnlge hNASE oewx
of ficer recognized that a wide r anlger mifngar ee
noise |l evels. AThe sounds you hear in the con
manufacturing, automomi ¢ &l maefuf achnagyi agd othe
di fferent, but can all cause damage. 0

One thing that has become clear over the |
protection devear yormpbhorantperiods, as hearin
The AOccupational Noi se Exposur eo rwoedk svhhoipl & s
hi ghlighting gaps in understanding that requi

ASo, | hope you take this opportunity to |
coll eagues, and take back some | essons | earne
of your coll eagues and others in the workforc

E.i'l NATIONAL ACADEMY OF ENGINEERING
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Occupational nNoi se exposure -isdubeduhéeausngnid:
well as various other consequential health ri
Occupational Safety and Health Adimeal tshrati on
Administration (MSHA) have rules in place tow
additional attention is warranted for the pro
own, stricter protections i n polnagcoe nfgo rt otwhaeridr i
the understanding and management of noise exp
The University of Michigands Richard Neitzel |
of occupational noi s ed ae xApuobsiugruei tionu stoh ee xUpnoi st uerde
gl obally. Regulations are | awogekleyr ohbesadl|tent.e lann
many other occupational hazards, noise receiyv
compliance efforts by occupational safety and
Noi se warrants additional attention. Clear
occupati-omabcediseari ng | oss, which may be t he
But hearing |l oss may be just thealith pbwrfdéetrmef
noi se, given the | arge body of I|iterature | in
such as workplace stress, tinnitus, risk of i
mor bidity and mortaldisgasechiasl odrdgohagbubad
attacks, and strokes. A |litany of other condi:
i mpacts, and reproductive outcomes, are also
A Athermometero of sound | evels from some
ri sk of hearingelgbhsetiedeaosbatsy/70dB(A), which
from clcahsastrtoeoom The European Union (EU) begins
dB(dA)oughly as Il oud as a fraé&whihlite t0aHA sdt @ idt
|l evel, at which certain steps mustl boef tnaokiesne t
from a bl ender). The OSHAI tpheer nriesgsu lba teoireys ploisnuirt
90 dB(A), which it compares to the dpdarsteags om
as | oudpoawse rae dg alsawn moweat faway .atbout t hree fe
The foundation of noise exposure assessmen:
average noi se eywhaslthr eflfevesl ,a ars elf Al metric f
health effects by accounting for noise fluctu
noi se exposures, the three primary d&tomasti dieg,at
how much noise there iIs, how often exposu
respectivel y. M
A comparison of several occupat g | i mit.
4.2, in terms of allowable time of Kkglsure a

MO



worth highlighting that OSHA6s and MSHAGs | ege

requirement for employer compliance, as compa
(the American Conference of Gov&enmentahehhthdb:
protective recommendations that | ack the same
noi se exposure | imits, Figure 4.2 reflects th
dB(A) to two hours, whilanNe®Ppdsane ACGEHOIfe O
at this 100 dB(A) sound pressure | evel. An i m
excess r+dsoklucfednbiemsei ng | oss associated with

For an 85 &B(tA)atl irmictommeinikded by NI OSH and ACG
workers exposed-yaetart hcatr elea v esonudl wde esdu fRFdearr i nnogi sl e

for the 90 dB(A) | imit enforced by OSHA and M
expernocithsneduced hearing | oss.

About 20 to 25 million US workers are expo
(that is, higher than 85 dB(A)), according to
hi story of high occupational noise lexwelsuurteel c
100 dB(A), OSHA and MSHA have all owed empl oye:]
and hearing conservation programs to protect
(i .e., physical or admini §thi at iope i omamgesctas
inspection burden and paints a picture of eff

Neit zel noted that his team at the Univers
Matrix (NoiseJEM) tool in the US and Canada,
gener al public, industrial hypgi ot istisonamnsl. oM«
i's publiclhy taowai/l/ aawlies egRe g.ug h 4uBi sthoavdu/t he av
wei ghted average (TWA) measurements in the US
early 1983 to 2023. Figure 4.3 shows a gener a
Hearing Conservat iaonnd AanietnedrmeMiSHA nc oln®p8 3et el y r e
exposure | imit in 2000.

Il n di scussing protective factors, Neitzel
heavily emphasized in the US, especially in w
not the rul e. (See Figure 4d4amMce Amdheaasr iang esrud
which can work verytefmestnatteyy dueée qsesnar dloiny
unsustainabl e.

Moving forward, research is being undertak
assessment and in other areas. Some studies a
through increased fit testing toeaccount for
mi ni aturization of dosi meters, and the wuse of

One example of such research is the Appl e |
with more than 185,000 participants that is b
Launched in 2019, the regi stoaunmdcatdc | d mlilceadt itan
shed |ight on the relationship between two ty
environment al exposures) and hearing health.

Among the preliminary findings of the Appl
notable drop in noise exposure during the Cov
when people change their behavi orsst, tthhae croay notr
nat i-socnaalle changes are possible toward i mprovin

M


https://noisejem.sph.umich.edu/
https://noisejem.sph.umich.edu/
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mi t s ar e nddeusciegdn ehde atroi nbge
effects such as cardiov
gf horse. standard revis

d about the OSHA | imit 1
vel used i n other stand
nstrumentaturemenobs!| dHgoO
ents another opportunit:
asked whether hearing

onship has been establi
onandfetabt el avi deslciep plo:e
ease, specifying that,

monstrated for both env
itzel coawhlatdelsapp dres t h
The presenter noted t ha-
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A quick calibration regarding occupational noise

Typical Sound Levels (dBA)

|OSHA* Permissible Exposure Limit

40 -

|OSHA Action Level b

1
1
1
1
1

|Where European Union begins to regulate I\

[Where risk of noise-induced hearing loss begins |——

*OSHA: Occupational Safety and Health Administration

10
0 - Threshold of Hearing {1000 Hz)

Figuréaypital

sound

M p

|l evel s and regul atory | ir



Comparison of occupational limits
Hair Dryer/Power Lawn Mower
16
o 14 4—|With each 5 dB increase, OSHA/MSHA allowable time drops by 1/2 |
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Noise controls not heavily
emphasized in US

Implementation is exception
not rule in most industries

Heavy reliance in US on
hearing protectors

Not effective long-term as
primary prevention strategy

TABLE 11, Prevalence estimates of noise exposure, bearing protector use,
amaong workers in the Mining, Construction and Manufacturing sectors.

What about protective factors?

Health Care and Socia

Professional, Scientific, and Te

Prevalence
Occupational Noise Self-Reported Non-Use
Exposure® of HPDs™
v ‘ = ! ks FIGURE 1 Prevalence of occupational noise expasure in comparison to the prevalence of HPD non-use among noise-exposed U.S. workers
iy wile by industry in 2014.*" *Data are from the National Health Interview Survey 2014 adult sample. *Included occupational noise exposures and
HPD non-use reported for the 12 months prior to each worker's survey interview

Themann and Masterson. Occupational noise exposure: A review Green et al. Prevalence of hearing protection device
of its effects, epidemiology, and impact with recommendations for non-use among noise -exposed US workers in 2007 and -
reducing its burden. J. Acoust. Soc. Am. 146 (5), November 2019. 2014. Am J Ind Med. 2021;64:1002-1017.

Figurwhdat 4about protective factors
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18 percent of t hose wi t h hearing | oss wor ki

manufacturing, 13 percent in fabricated met al
percent in machinery manufacturing.

The | arge military population is also vuln
and coll eagues found that, in 2012, 1.8 milli
hearing |l oss amounted to $1.21Didhdo2a01n, chha@rn
million claims were made per year for hearing
claims between hearing | oss and tinnitus (whi
with, hearing | oslsi)t.y Acmoanignst hnea dveA fdo-tshatbhd t op
were for hearing |l oss or tinnitus.

Ol der data (from Middendorf, 2004) documen
exposure data came from manufacturing industr
from 1979 to 1999 While the studi edddSHA dat
record of noise | evel s;nosianepliensd uasrter isekse vaendd tha
workers because OSHA focuses on noisy workpl a
Additionally, OSHA databases ar edusithreiresnttltyatl i
under OSHAG6s jurisdiction; thusgewgrketésoset
working for certain smal.l ednpl @eyreaots iomclivmdedci

Saylor et al. (2013) extended that work to
still accounted for the |l arge majority of OSH.
of the measurements exceeded t haeb ocaugte n7c8y Opse rpceern
exceeded the actmaonnuflacntiur.i PAgnoinmgd insotnr i es, agr i
and oil and gas extraction were found, not su

I n an examination of OSHA noise violations
promul gated) to 2019, Park et. al., found the
the | ack of adequate heari ng c ogisreeevraitn g nc girrtor
and administrative controls. These common Vvi o

More recent data suggest that overi half of
2017 time frame occurred in the construction
the manufacturing, wholesale tsad¥iolaatdi amancf
occupational noi se exposure standards i n gene
(29 CFR 1926.52), hearing protection in const
for cases involving heaemaignhédssofmm@d@n CFWRhdaneé 4i
were found, violations of other OSHA standar d:
airborne hazards, fire or explosive hazards,
Do solutions kRxysend wtihdeéimoiose control engi neet
i mpact of noise overexposure? A |l ook at the t«
in citations in recent years may i nfcerdm the a
opportunities in five primary areas: comprehe
(hearing protector fit testing, innovative an
(baseline/annual audi ograms), mamidt adim g ipritaaq@
control s.



Opportunities for i mprovement 1include:

A Create better Guoeaarsi nigncpl ruodtee cnhaokrisng t hem eas
they optimally cancel unwanted noise while
such as fire al ar ms.

A Develop innovaThegetraohsngotubol smprove pe
the i mportance of hearing protection. As y
example, could apps or video games help in

their hearing and how to use their hearing

A Devel oeepf fceocstti ve engi neering coDutrrionlgs tthheat a
di scussion period, a question arose regard
i mpl ementing engineering controls as corre
OSHA representatives compare theveosvesarbeg
conservation program and integration of en
Frequently, this cost comparison nesults i
program and the use of hearing protectors
of worker exposure prot d@tairanc)ulavery drogi rs
empl oevesl oping engineering controls that e
l evel s in t he weofrfkepdtaicvee awaodu lad ep rcoovsitde a | €
counterargument to an employero6s assertion
feasi bl e.

I n closing, Hayes reminded participants that

focused on all workers exposed to hazardous n
To develop technological solute omrsderdstven dipreg
variety of workplace noise hazard exposures a
design, and human factors) that prevent adequ

devel opment move fwowhedst o better protect
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Despite the | ong history of audiology researc|
chall enges remain when it comes to measuring
solutions offer promise for addr evogikreg stohdé elair
David Byrne, with the National I nstitute for
occupational noi se exposure considerations an
Christa Themann, a NI OSH col |l elaguteheaevhionfoporempatri
rooted-eingianerean ng perspective, engineering is
to the discussed challenges.

Noi se has | ong been recognized as a hazard
problem much more widespreadnamnded ph&adi ndel o:
end of World War 11, technol ogjyatmetqueamturndge ms
of the high prevalence of hearing | oss among
regul ations were first est akHeiad heegyd Aict tolfe 1Mi6l9
1970 Occupational S aefde ttyh ea nrde aHceha | ot fh  PAccit s ee xrt eegnu
generally.

Extensive research has been undertaken in
NI OSH has studied the characterization and ef"
prevention programs, noise contsr,olexpwlswtrieons,
monitoring, and the prevalence of hearing | os
noise, its effects, and approaches to prevent

Sstill, workers in all industries are at ri
exposed to hazardous neriespeoriteevde lhse,ara nndg odviefrf ihc
workers can be attributed t o swocrikapleadc ewintohi sree.d
excessive noise exposure, five are particular
nature of occupational noi se, inadequate meas
contr elel ioavmecre on hedrcufgtprateatceptanace of |
Challenge 1 Vari abl e Nature of Occupational r
Occupational noise exposures are highly vari a
intermittency, and i mpul siveness. Hi storical |l
by | evel. Sounwei gvittehd tchec islagnei fAecvaht tganadi D6 e
parameters and pose very different | evels of
noi se can experience the noise very different
ot her circumstances.

For exampl e, current metwbodbhtetl eaposbati w
provide the same result for an employee expos
the first half of the shift and e (dyr |
whose noise exposwroen ,oharst f epa i e/ IOSH:

|
H H
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individual worker is getting from a hearing p
Promising engineering solutions to address th
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focus on overcoming barriers to i mplementatio
t hat measure protected noise exposures of ind
i's approprimaéml yoips®t eSeear &l commercially pr
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Heal th Organizationés fAMake Li atsemninngr3afteonha
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measurements, including dB(A) and dB(C), to b
to noises with different frequency spectra. A
of undersbpandicfhpaohbcteristics such as frequen
perception and annoyance, more must be | earne
attributes.



Over-reliance on hearing protection

Very Loud Workplace Noise Exposure Firearms Noise Exposure
Always 40% Always 58%
Usually 11% Usually 10%
Half the time 8% Half the time 7%
Seldom 8% Seldom 3%
Never 33% Never 21%
0% 10% 20% 30% 40% 50% 60% 70% 0% 10% 20% 30% 40% 50% 60% 70%
Loud Workplace Noise Exposure Non-Occupational Noise Exposure
Usually 7% Usually 8%
Half the time 8% Half the time 8%
Seldom 6% Seldom 13%
Never 56% Never 63%
0% 10% 20% 30% 40% 50% 60% 70% 0% 10% 20% 30% 40% 50% 60% 70%
NHIS 2014
Figurlendéi o fdtuenh sfail to wear hearing protection,
Data from the National Heal th I nterview Su
30
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T HPD with labeled NRR of 15 dB
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FigurEx#®&mpRl e of decreased protection effectiveness wit
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Over-reliance on hearing protection
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Pre-molded Custom Formable Banded Earmuff
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While the focus in terms of the auditory syst
ascending auditory pathway and descending pat
complications. Hazards that cane dautagre, trhied dalue
inner ear, as well as the central nervous SYyS:
performance and | ead to consequenti al probl em

the associated brain tescoddi ti iomsidt oausan ah
treat ment and preventi on.

Gregory Flamme, with Stephenson and Stephenso
his expertise about the causes and effects of
sysdmany components of whic®tdhdanadqdraydias awd e d
known and suspected hazards that can damage t
l oss in daily Iife.

A simplified representation of the auditor
go from this system into the brain. I n basic
of the:

A OQuteffeam the pinna to the eardrum)

A Middl(ef reeam the eardrum to the entrance to t
bones). Muscles are contained here, too, a
eustachian tube. Ear infections, inflammat

have an iOhpacttthe@areochl|l ear vestibular syst

The focus when it comes to the auditory syste
auditory pathway is important for transmittin
brainbés prcmat gxaana dditkoerwwyi se affect hearing. De
i mportant in the brainds structure and can pl .
complications.

Hazards to hearing can occur in the outer,
examples of hazards occurring within the oute
simplified illustration of thei rarudri teoary asryst el
and illustrated in Figures 7. 2, and 7. 3.

OQuter ear trauma can come in the form of s
section of the ear canal . Devel opment al chang
the ear canal fails to fully develop.

Il n the middle ear, trauma can play a role, as
therefore interferes with the transduction of

energy in the 1000 to 4000 heStASaRgAG]to a
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* Quter ear
* Occlusion
* Trauma
* Developmental

* Middle ear
* Trauma
* Fluid
* Infection

Wikimedia Commons

Ossicles:
Semicircular ducts

Oval window
Vestibular nerve
Cochlear nerve

Vestibule
- Cochlea

Round window
Tympanic cavity

Tensor tympani
muscle

Auditory tube

T
Outer ear Middle ear Inner ear

SASRAC

Figur®&i mplii fied

* Inner ear
* Chemical imbalance

* Fluid pressure
disturbance

* Mechanical strain
* Blast and impulse
exposure
» Sensory cell disorders

* Quter hair cell

* Excitotoxicity and
metabolic
exhaustion

* Ototoxic exposures
* Inner hair cell
* Ototoxic exposures

representation of the

Scala vestibuli

Scala media

Afferent
dendrite

Spiral
ganglion

8th nerve—__
(Afferent
axon)

Efferent  Basilar
axons membrane

Figur®ome2hazards to

auditory system
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* [nner ear
* Chemical imbalance

* Fluid pressure
disturbance
* Mechanical strain
* Blast and impulse
exposure
* Sensory cell disorders
e Quter hair cell

* Excitotoxicity and
metabolic
exhaustion

* Ototoxic exposures
* Inner hair cell
* Ototoxic exposures

Wesker, 2008; Wikimedia Commons

Figurfeddii.t3i onal h aszyasrtdesm tion vaouldviitnogg yt he i nner e
Hazards | =

80 |

* Noise exposure in daily life
* N=286; ages 20-68; > 8
person-years; occupations
primarily not considered highly
exposed
* Men have greater exposures
than women
* Occupation can be an effect
modifier
e Around 70% have average
levels greater than 75 dB peq s

Percent below
N W A o @ N
=] (=] o o o o
T T T T T T

=)
T

°
T

1
82 85 88 91 94 97 100 103

8-hour equivalent level, dBA

. . > .
|mp|lcat10n5. [} Men - current study
* Lower limit of achievable y Women - current study
2 —_—— — P —— — Shipbuilding industry
occupational exposure —_—_————— General industry - Switzerland
* Effect size for occupational | —————— e Mining incusiry
: ; T R A R S Al Eoroe < rilas exisosail
interventions —_— ——— - College-level musicians
—_— —— — —— Rural adole ts
Flamme et al., 2015 —

Fi gurNoi se exposur e:



* Inner ear
* Disordered transduction
between inner hair cell and
auditory nerve

* Central nervous System
* Disordered synchrony
(“neuropathy”)
* Reduced neuron insulation
* Mpyelin disorder
* Cross-talk
* Blunt force or blast-induced
head injury, whiplash
* Inflammation, axonal damage,
cross-talk
* Skull fracture

Broken _,
Terminals

Wang et al., 2019; Kreuzer et al., 2012

Auditory
Nerve

Tinnitus Handicap Inventory

8 3 3

Tinnitus Handicap Inventory

8
-

mean ¢ SO

&

notrauma noise  whipash  head  other

SASRAC

FigurExa@ampl es

gfelianeer aemar

centr al nervous

* Reduced audibility
* Signal minus greater of noise or threshold
* Masking from noise environment often
dominates

* Unabated, threshold shifts encroach on
audibility, reducing the redundancy of
speech cues

* Performance may be compromised

* Sound recognition

* Spatial hearing
* Vertical plane cues > 6 kHz
* Horizontal plane cues
* Interaural level differences
* Interaural time differences

After Weisser & Buchholz, 2019

SPL (dB)
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80|
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Living Room
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- = =Audiogram

B

125 250 500 1000 2000 4000 8000
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* Tinnitus
* Brain disorder, not an ear disorder
* Hard to measure conclusively
* Complicated, multiple causal factors
* Potential mechanisms

* Maladaptive plasticity/Central gain hypothesis

* Plausible if hearing sensitivity much poorer than
environmental noise

¢ Inflammation
* Biomarkers
* Neurotransmitter disturbance

* Similar response from noise and chemicals (e.g.,
salicylate)

* Smoking
¢ “Cross-talk” within central system
* Axonal injury, e.g., TBI and concussion
* Stress and Anxiety
* Nonauditory system
* Somatosensory pathway to dorsal cochlear nucleus

Dendrite

Axon Terminal

Node of
Ranvier

Schwann cell

Myelin sheath

Nodal
environment

Astrocyte

Microglia
# Oligodendrocyte
precursor cell

Christensen et al., 2022; Khan, et al, 2020; Lubetzki et al., 2020; Wang et al., 2020; Wikimedia Commons
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Drug interventions, and increasingly gene the
toward preventing hearing |l oss and restoring |
understanding that hair cel |IVadre atuhs caannt ioocxci udran
shown promise, i n ani mal and human studies, f
remai ns daion bree adconnieng beyond the audiogram to e
exampl e, and i mprovi mghddpgpromac hseusc hf carsn & ti inéhg it ru

deficits.

Building on the prior presentation about the
with the University of Texas, focused on the |
|l oss prevention and heasrsionrg ofe shteoarraitni go ns.c iLeen cPe
is also coinventor on patents owned by the Un
with funding from the industry and government
Many empl oyees are covered by regul ations
wor kpl acer,elyaettedhoheseeri ng damage is still wvery
to replace hearing protection ddviopas o(nP Q) ,
safeguard hear i ngex pionsceldu dwonrgk ewrhse narneo insoet wear i

HPDs do not provide sufficient attenuation fo
|l evel s of noise.

Labs w dwi de have made tremendous progre

- 0 O

I

cells to e, raising the promise of new phar
bi ol ogica y therapeutic | evalss wted | heaad cofmb i m
therapies, are being investigated for their p
the idstudeaed for some tdiinge ciumr rteme |ayn ibnealn gd o ne
humans as wel |

Chall enges to clinical trials |l oom | arge a
consensus among researchers on the definition
|l oss |l andscape has lapmg otvedn ddarngodapdyodafunokinc d&tDiAc
changed with the approval of the drug Pedmark
preventing hearing | ossneitmsechitli @€dnemrawicteln whoa
chemotherapy drug cisplatin.

Some basi-icsdwdedopatethol ogy are summari zed I
focused on three cell s:

A Hair.c&@héese cochlear amplifier cells, circ
dB of threshold sensitivity. When these ar
is |l ost. (Data is based on the prheestehnecre or
the stereocilia are broken aec hair cell d

A Stereodiolciagd ed at the tops [ cel |
the figurebs purple c'rcle@DALLAsereOC|

op



vul nerable to noise injury, aging, and ot o
functioning, they will fail to bend back
and forth appropriately to allow the crit.i
the cell s.

A lnner hair cellsThedsgndptbcyconaeneetions b
and the auditory nerve, shown within the r
have also been shown to be at risk for noi

Damage risk criteria are | a-aksngi hoedt heskgkobmer
humans. Al though there are damage risk criter
criteri-anfiocedotsmrnitus or eegichfioulnbise. umded:
how much noise it takes to break the i mportan
consequences of this | oss

By way of introduction as to why drugs mig
revealed that hair cell death for many noi se
14 days after the cul prit nadadinse hheasFicgeuasee d.. 2T
current understanding of gradidnall ddamasgenpttd ome
|l oud sounds damage hair cells by mechanically
is relatively i meadi age damadger svoehtdi mglly on s
entering in the first place.

Very-lkeivegH i mpul se noise can cause i mmedi at
me mbr anes. I n most cases, however, damage occ
bi ochemical cascades, including freetreadihaal
cells within the cochlea, which results in o0ox
deat h

Scientists are searching for therapeutic i
window of opportunity exists for halting hair
guinea pig model , & sval icoyyma h &davmeatrdeo xai idaemittso d e ¢
t he amount of permanent threshold shift in th
the antioxidant therapy was begun (from prior
antioxidants did nnostt choamprl ecteellly dperaotthe caan da ghaear
timing, and by five days after the nbababe, giyvVv
around the world have worked with various ant
with a pewemlsohgprotection shown in some of t
have been based on the clinical gold standard
audiogram is not a reliabl e toocihhndiosge mainfyf ihewal
and tinnitus, and these types of common defic
|l ack standardization including in the area of

Heariiimgi se deficits are among the most <c¢comr
they can occur even without Hhaa@iiseg dleds i tlisi to
with either pathology of t hue adu tpert hhwaaiyr, owelilcsh
both the cochlear synaptic connections and th



I n on€LetBdgll and coll eagues collected infi

nor mal hearing who attended recreational even
and findings are summarized in Figure 8.3, pa
reecaat i onal noi se exposures to repeat back word
back came progressively closer to the | evel o

Using thew@sigAttidmea v ehroaugre e(qiluwWAVYal(eBnt sound
estimate for individual sound exposure, resea
deficits the day after the eventnd rexlpatsad et.o A
reflected in the data i-nmbBigerde8i 4jtshent €¢mp
under the most difficult | istening conditions

| mportantly, the individuals did not have
day after exposirei.s@ndleftihei he awemeg not per mar
returning to baseline within a week.

I n the area of drug devel opment, efforts t
kinds of changes-ehavéaiococeéld onoobetceéeron, wit
agents being investigated so gflaurc:ocaonrttiiocxoiiddasnt
reduce inflammation; JNK inhibitors, which bl
which drives development of new cell s.

Many companies are working to develop agen
regeneration, tinnitus reduction, central hea
trdabme funded by the National Il nstiobdt andf H
Drug Administrationés (FDAOG6s) investi@ational
can be found at Clinical Trials. gov.

The speaker recently conducted a review of
nvestigational medi c3iFna@glurgr &d 6ctps efs@emttshe hien
trials reviewed. Of thedniced dtewdiiang fl osssed e
audiogram as the primary outcome measur e.

Lookingi mdudedghearing | oss (DIHL), sudden
(SSNHL), or stable sensorineur al hearing | oss |
the primary meadvPased MmMeasauvadisogdgoamt  hese drugs
alone. They | ook at the percenobgeowxifci dear di
(SOC) <criteria, the most common of-Lahgoeuhges t
Hearing Association (ASHAg9g .aTh@ ABHAhSOChaol dt g
frequency, a 10 dB shift at any two adjacent 1
frequencies where a response was obtained at

Figure 8.6 presents studies considered in

measures other than the audiogram. The resear
| ooki ng at t opiimcosi sseucahbialsi thye aorri radi naampg luist, u e fe
understanding the state of synapses.

2Grinn, S., Baker, J., Wi seman, K. and Le Prell, C. G.
exposure on cochlearFm.rnWeeamph|mﬂmeé508chamaes
SLe Prell CG. 2021. Il nvestigational medi ci nal product

Clinical JrAml Acgd B3Ry d60¥H4: 670
oT



A 2016esamidymped the suppl ement -chaQEOMge n(ea, ¢ o ml
vitamins C and E, and magnesium) for prevent:i
researchers found no evidence of TTS protecti
treat melngaceamal groups of about 4 dB.
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Noise-Induced Pathology

Injury to Outer Hair Cells correlated with
Permanent Threshold Shift (PTS); 100%
OHC loss results in ~40 dB PTS

Sudden and profound increase in PTS
above critical boundary, likely associated
with breach of

Shor’(_er/less intense noise _results in neural
swelling, damaged stereocilia, swollen or
misshapen cells

Permanent loss of synaptic connections
between Inner Hair Cells and auditory
nerve can occur in absence of PTS

PathF)IOgy iS not necessar:”y immediate ng;)?ases of Hearing Science (3rd Ed.). J.D. Durrant and J.H. Lovrinic
and is not strictly mechanical — there is an

active metabolic cell stress/cell death

process resulting in progressive cell death

over days to weeks

FigurMoii nduced pat
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| 7 i + Some OHCs die
0 ! I immediately but
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Temporary hearing-in-noise deficits the day after exposure
emerge at action level of 85 dBA TWA

=

» 28 participants attended recreational event they
deemed loud
+  Level: 93.3+7.8 dBA (range 73.1-104.2 dBA)
* Duration: 4.2+3.5 hrs (range 1.5-16.0 hrs)

» Average dose and TWA calculated using 29 CFR

HANF il o 1910.95 (OSHA)
*  168.4%%276% (range 3.5%—1,230.8%)

Total Words: p=-0.544, p?=0.296, P=0.0029

cbhbdbbhonvsromo

-

Change in Words Correct (per e2 Change in Words Correct (per ear)

cochlear nerve amplitude in humans. Frontiers in Neuroscience, 11:465;

60 70 80 90 100 110 120
OSHA Time Weighted Average (TWA) . 87..8 dBATWA+9.5 dBA (r.ange 65.8-108.1 dBATWA)
* No reliable threshold shift; dose -dependent
5 ageaophoces ) o
S s o, T e hearing-in-noise shift that recovered within 1
8 ‘ week
© ® oo .o e+ Marginally significant decrease in DPOAE
2 Sl ‘ amplitude at 24 hr but not 1 wk test
6 { s . .
M 1wk .+ No post-noise decrease in wave 1 amplitude
-1 .
60 70 80 90 100 110 120
OSHA Time Weighted Average (TWA) Grinn, S., Baker, J., Wiseman, K., and Le Prell, C. G. Hidden hearing loss? No effect of common recreational noise exposure  on

Figur®e@pdr ary mloé asrei deficits the day after

exposure

Temporary hearing-in-noise deficits evident in

MOST difficult listening conditions

—=— Baseline —a— Baseline —=— Baseline

g 5 -t ol K A\ e ek 5] " "’ﬂ—\ ek
5 4 £ R ’ Ny
£ et NENT
83 {3 3 X
E 2 2 ;! 2
§ 1 | OSHA Dose < 50% 1 50% > OSHA Dose < 100% \ 1 OSHA Dose >100%

n=9 ¥ n=10 : n=9

24 20 16 12 8 4 0 24 20 16 12 8 4 0 24 20 16 12 8

dB SNR dB SNR dB SNR

Exposure Data:
+ < 50% OSHA dose (4 male, 5 female)
* 50-100% OSHA dose (4 male, 6 female)
* > 100% OSHA dose (3 male, 6 female)

Average noise dose, calculated using 29 CFR 1910.95, was 168.4% + 276% (range 3.5% — 1,230.8%)

Grinn, S., Baker, J., Wiseman, K., and Le Prell, C. G. Hidden hearing loss? No effect of common recreational noise exposuoe cochlear
nerve amplitude in humansFrontiers in Neuroscience, 11:465;
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Audiogram is most common endpoint measure in hearing loss
prevention/hearing restoration trials posted on ClinicalTrials.gov

Primary, NIHL

(n=9)

SNHL
(n=13)

SSNHL
(n=9)

Secondary, or Other
Endpoint

Threshold Shift 7;78% 14; 47% 8; 62% 9; 100%
Rate of ASHA SOC 0 6; 20% 0 0
Rate of CTCAE 0 3; 10% 0 0
Rate of Brock 0 1; 3% 0 0
Rate <S>;‘0BF?ston 0 1: 3% 0 0
Rate of Tune 0 1; 3% 0 0
Other STS Rate 1; 1% 8; 27% 1; 8% 0

Le Prell CG. 2021. Investigational medicinal products for the inner ear: Review of clinical trial characteristics in ClinicalTrials.gov. J Am Acad Audiol, 32(10):670-694.

Figurdaud8ibgramommomoesmndpoint in clinical

trials f

Other endpoint measures rarely used in hearing loss

prevention/hearing restoration trials posted on ClinicalTrials.gov
Primary,

Secondary, or Other (:':I‘:;) ‘Z?Eg)L
Endpoint
DPOAE shift 5;56% 10; 33% 1; 8% 0
EHF Threshold shift 1; 1% 5, 17% 2; 15% 0
Word Recognition 0 2: 7% 6: 46% 4: 44%
Change
Hearéng in Noise 2: 22% 2: 7% 5: 38% 0
hange
Change in Tinnitus 5; 56% 7; 23% 5; 38% 1;11%
ABR Amplitude L i
Shift 0 0 2; 15% 0

Le Prell CG. 2021. Investigational medicinal products for the inner ear: Review of clinical trial characteristics in Clinica  [Trials.gov. J Am Acad Audiol, 32(10):670-694.
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Dose-dependent decrease in average Rate of TTS > 10 dB
TTS with ebselen reduced by ebselen

—e— Placebo (n=40) 07 mm

3} cebo ( 20)
—w— 200 mg BID (n=40) =] Pacebo (n.

e [ 200 mg ebselen (n=20)
TTS-15min @ 400 mg BID (n=40) [ 400 mg ebselen (n=20)
& 600 mg BID (n=40) = 50 A 2] 600 mg ebselen (n=21
2F no shift S
2
z @ T & 40
o 0] o
T o0 < =4 o o =] L
£ L b 5
7] w o 30 -
© 3 —
2 2 }/}\1\'k 5 b
73 c
o 1\ [}
£ 1 §
= [}
4 - I a
10
6 . )
0.1 1 10 0
Frequency (kHz) 15-min post music

Kil J, Lobarinas E, Spankovich C, Griffiths SK, Antonelli PJ, Lynch ED, Le Prell CG. 2017. Safety and efficacy of ebselen for the prevention of noise -induced hearing loss: a
randomised, double-blind, placebo-controlled, phase 2 trial. Lancet. 390(10098):969-979.

FigurAan®Bi dxi dant ebselen found to significan
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Anot her attendee raised the | ack of commer
chall enge for data collection, with Byrne not
sound | evel meter manufacturers aba@uturtehd heaerste
measurements. A workshop participant added t h:
measurement o to make, and is already commonly
machinery.

I n response to another question, about add
Byrne said, AThatos &rwawsi NIJOSKH PO sumiemd oy ngo

Reiterating a point he made during an ear |
NI OSH consider broadening the understanding o
integration of otoprotective agesntast eidnttach ahte a\rl
is taking steps in this area.

Finally, a participant asked whether NI OSH
workers of the mutual benefits of focusing on
protection devices The participantaddmoni she
compl etely away from engineering control, if
recognizes the i mportant benefits of noise co
emphasize this component of protecting worker

U.S. Occupational Safety and Health Framework

. Research and
Regulation/Enforcement : .
Prevention Recommendations

Department of
Department of Labor Health and Human Services
(DOL) (HHS)

/ \ Centers for Disease

Control and Prevention
(CDC)

“
National Institute for

‘ Occupational Safety '
and Health (NIOSH)

Mine Safety Occupational
and Health Safety and Health

Administration Administration
(MSHA) (OSHA)

Figur &l @9SH, MSHA, OSHA: Structure and areas of



- Laboratory vs. Field Attenuation Measurements
INRR
a0k [JField Attenuation i
27
26
25

25 II -
1]
o
£
g 20 21 .
| =t
2 18
©
215 .
2
5 12

10 =

5 -
0
Pre-molded Custom Formable Banded Earmuff
I

FigurkeaB®oras orfyi el d hearing protector attenuat|

~

@
S o

T T T
~i-Continuous Noise W
[~i-Impact Noise

a
=)

* Two groups of chinchillas

N
S

)
=]

L ./'\. -
 Continuous Noise and ] \l ]
Impulse Noise with same %0 J

Frequency (Hz)
spectra and Leq levels

n
o

Permanent Threshold Shift (dB)
S

=)

T T T T T T T T T T
-e-Continuous Noise Leq =110.0dB

.
—u-Impulse Noise L__=110.6 dB /\
eq /-

— : i / \=::>; 1
= /\\,/ \/t’*:::f/ \.\-\ |

o
T
1

=)
38

* Impulse noise group
exhibited significantly more
NIHL

©
=]

@
S

-—

[ S—o—¢ e -]
® - 3. S

!

~
=)

1/3rd Octave Band Level (dB re 20Pa)

1 L 1 1 1
40 80 160 5 1250 2500 5000 10000 20000
Frequency (Hz)

Dunn, Davis, Merry, & Franks, (1991)J. Acoust Soc. Am. DOI: 10.1121/1.401677

FigurRelBaBive risk of NIHL: impulse noise vers



Mn® YSey2:G4S ! RRNBaayY {dNIBSAtflFryOS 2F b2:asS |y

9t A

Occ
app
exp
WO r
dec
i nd
var
wor
i nt

EIl i
Res
hea

T 1 0SUK 1bd oa2lydGfSNE2&o (i dziS F2NJ hOOdzLJ a2y £ { |

| oss el atedehehl thecmadt t
cent of the US working po,

ational h ng
er
edomi nant c auislel iodn oxuwrurpeanti
to
h

Xxi mately
ure i s t

~o = C
- DO W T O®wmwOT

< ST~ 0o =

ry of occupational noi se
22 millexposexpwoedkeeaschny
ear ilnyg blyo s sn dpurset wayl eanncde ovcacruyp
of noise and ot her f arcitsokr sg r oSuuprsv ec
ding prevention and research eff o

- c —

=~

zabeth -Masestdresatnprcof NIOSHOs -$Hleatromg Loss
earch Program, presented a keynote address
ring loss in the United States.

Occupational h eraerai cnhgi nl go spsr oibsl eam waindde one of

worrkl ated il l nesses, with about 12 percent of

di f
wor

ficulty, 8 percent reportingndtiitninointsus ,A nomdy
kers, 24 percent of heari nargeldaitfefd ceuxl ptoys uirse s

notesxeposed workers, 58 percent of hearing diff

me a
a r

mi |
mi |
i mp
fra
per
14

wor
wor

me mber

|l ev
wor

WO r
dat

ning 58 percent sofambeagriexgpodiedlf woulkty scaoe
eduction in noise to a safe | evel
Among veterans, tinnit-asnnsecthbhd thosabptevs
|l i on cases compensated in 2022, and hearin
|l i on cases compensated i n 20 22.seWeetreer ahnesa rail
air menuettenrasan ;m.onvVet erans who served in the
me are four times more |ikelyeterhase #Hbvea
cent-daoafyaservece membeairrsmeératv,e & emrrawngl eance
percent when Coast Guard and Reserve membe
Noi se can be hazardous at or above 85 deci
kpl ace, exposure to noise is referred to a
king population (including matvidlataipnvenef via
s) ,0 ablouni | A&dhgneea cae nhi st ory of occupation
el at or above 85 decibels. About 22 mill i
kpl ac noi se each year.
Less
or di
S
g

e
t han -ehlxglofs ead® Ada ik#deaveamt hearing protect
ng to survey results. More workers may
t hi survey, however, given t hadt esotmeomsur v
hough they do not. .

By way of comparison with cmﬂ‘%’fa’w‘éﬂ?&"’&w~=u~~c chemi ca
kpl ace, about 10 million wc 1O. are expos
ing back to 1987): 12.7 mi NN nsmoker s

nT



S
e

e
X

W 0
Lowpreval ernicek amdcupations include teachers, n
and most office professional s.

con
pos
Cu
hi s
mb e
i se
rce
per

hand smoke (according to much more rece
d to other ototoxicants.
rendubagtbeevi ce members, numbering abou
ory of exposure to weapons fire during
S participate I a hearmrisngviddnaer vha tsit omr
e
t
Cc
0
e

-~ =0 Qa

n
Xposure at wor k, 7 percent reported he
reported bot conditions. Among those
ent reported earing difficulty, 15 pel
t h nditions. The contrast demonstrates a
i se Xposure and bdowiht h etag a magntdhadstsstsr nmgolrtei nm
tesxeposed group, for exampl e.

As aring | osrsi snku mibred wss tfroire & fien hti hgeh el$ S
i mi ni ng, odn gturrwec tlicOan, (amdd pmerdu ffa
esents surveillande oadt i maltuesg riyn
hearing difficulty, which is t|
ries, such as real estate, fina
ROoPpechade phieglaé¢ence, according
these number s: N oo fi nndouisster yo rc aont o
u
h

5

|
r
h
h

O

>

(72}

(72}
o~ —h
= ® O

keaway
emi cal res.

|l ndustry where a person works) must be di
per son eaesv)a.l erhicgchk emmadcupati ons include mine
specially railroad workers)ctmeohwor kser and
odworkers, and carpenters; farm operators a

Figure 10.2 (adapted from Masterson et . al

among -expiosseed wor ker s dywairndlegtmeyia & @ ir oHe ari8alg

I
p

(0]
e

w h

ss prevalence for al/|l i ndust rinets, coovnebri ntehdi sr
riod. I't declined significantly in the agr.i
il e increasing in the mining, quarrying, an
As reflected in Figure 10.3 (adapted from
ci dence -eaxnpoonsge dn owosrek 20 0 ,f rtolme 1li9r8dkGi dence decr
rcent to 7 percent for all i nduser heghesmbi
ring most time periods. Cons+ddeponiseg woehkaes s
own in Figure 10.4 (adapted from Kerns et.
th all industries conpdarnceant aady eurst2id ywdasrks ,d
gni fi canti2y 1100 wermpial e BAM®a®A4986di ti onal dat a
alyzed, NI OSH wi | | update these data to inc
To review some i mportant points from the pl
evention is key for protecting workers. He a
cupational exposures, SO0 work expbsarenmust
ss prevention efforesposetd werkedsr wakémnnf o
the mining, construction, and manufacturin
afeo or removed from thechsesmesamerkpobuness:



consi
popul ati ons.
popul ati on

nomotresxeposed

skewed
suspended

col
pr

T—zso0oTs @~
T 09 oS TO0O oSS uw—=oT
QW Onw O®OODdOoO T nm o

-~ 0 4
> 35 T T

t hat

noi

-0 9 0

— 0 ~+ =

A di s
der

An at

b

|l ect e

esent

An at
heal
eratu
ume t
ustry
king
Xi mit
r
r
t
S
C
I

c S S S ¢ ¢

Qo —*> —-o = o
O3 Tas TS 0ow
—"0OT ODC® TD®O OO

C T 0w ®|wWoO<SS A~

n
noi

S e e X

cCussi
ed e

on

He
and
tend
y c¢h

ee

ang
ter
r s
gni
ee

ar e
ont
noi
t hi

d

S n o

O 0o —To ™

a
t
t
r
h

~—+

S5 T O 0
=}

ot
und

ar e
nce

QO ®® — "W O =

<
(7]
o

0]
S

p o

(0]
t

S
e

C OSSO P>P< O =ODODT0O0 —

- <Q o0
—

n

X ami

wor ker

abs.

peri
ni ng
not ed
not j us

od
t

ask
es
20
ome f
ficant
asked i
i ndust
ains | i
se expo
S secto
Masbe
her mac
noi se.

S
e d
dur i
19 f
o}
n

np ewasso nfnoeclu s

d hat
d
C

t
an
and

how
| d

5 — >

i
: s he
wer e

day.

he disc
exposur
mu st a l

|
|

t
C
p
o f

ar e
whet

0
ren
t h
pos
p i
er
ng the
or some
those ¢

f ol
he t
t hat
t ex
ty
h

Mast e
t hat

i
f
;
t
S i S
r
r
h i

ry
at

top
wer e
day
s th
e Wwo
ted
on

us si
e i s
way s

on
no
be

| owed

cal l

doenn t al I

t he
ds i n
e

ed work

y
steps
COVID vy

compamdaiensg f or

ompani e

ssugegirvbhothkat

rson
wer e

co

not
stood

a

or wor k
tendee

i ndust
me d i
car e
at wo
rkers

s e
r k
S

not
mu s t

out i
Btpemaldzlalt eedryhbsi mg

abs

presen

er s. M

test
be

ear s.

She
dat

pr

S .

ul d

probl e
n

ers |
not ed
wi t h
es i

n

roi

r vi
ers 1in
uch as

t at |

prevalence
dectl h amte se rsthiorwen

ast
ed,
t a
Mas
tv
f e
a w
ovi

overexpose
i ndowsemapeoml abwiudn

m f
ter

cre
t ha
ma c
n t

callt hh abor at
ces.

t h
] a

oudt @ hiand u tsreya r rcd

their p
session
t conf i
consi d

hones

; t he
ned to
ered r

Surveillance Estimates among Workers in Highest Risk Industry Sectors

Prevalence

Incidence

Occupational
Noise
Exposure
(Among All)

Self-Reported

HPDs Among
Noise-exposed

Non-Use of

Self-
Reported
Hearing
Difficulty
(Among All)

Material Hearing
Impairment
Among
Noise-exposed

Among

Material Hearing
Impairment

Noise-exposed

Mining

61%

28%

23%

24% -

Mining

8%

Construction

51%

52%

14%

25%

9%

Manufactunng

28%

18%

=d Table Il from Themann & Masterson (2019)
£ - "
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Figure |. Prevalence of Hearing Loss by Time Period and
Industry Sector, 1981 - 2010, for 1,816,812 Workers
35
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5 4 ——Transportation/Whrse/Utilities
~&—Wholesale/Retail Trade
’ '1981-1985 '1986-1990 '1991-199 '1996-2000 '2001-2005 '2006-2010
Time Periods

Adapted Figure 1 from Masterson et sl (2015)
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Figure Il. Incidence of Hearing Loss by Time Period and
Industry Sector, 1986 - 2010, for 560,320 Workers
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= All Industries
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Adapted Figure 2 from Masterson et al. (2015)
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Figure Ill. Risk of Incident Hearing Loss Compared to the 1986-
1990 Time Period, by Industry Sector, for 560,320 Workers
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Adapted Figure 3 from Masterson =t al. (2015)
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The burden of occupational noi se exposure i s
underestimate the i mpact of noise exposure at
determine the true burden of ths sumsadrengp amtdi r
il 1l nesses and injuries, and the need to accou
guadidtye i mpacts

Jenni fer Tufts, with the University of Connec:
of noise exposure on individuals, employers,

preview dfeveheplighs to be covered:

A The economic i mpact of occupational noi se
underesti mate the true burden of noise exp

A The question of values must be addressed w

the foundati onal nature of personal and so
workers from occupational safety and heal't
A Cost models have considerable |imitations

realdme in part to |Iimited incentives for e

protection when its costs are borne | argel
I n terms of the costs of occupational noi se e
Figure 11.1 reflects direct costs (in orange)
those associated with hear,i nngo rlkoesrss 6p rceovirepretni soan
medi cal needs, assistive |istening devices, a
related to | oss of productivity/ absenteeism d
(hypertension, for example), poorer economic
quality of 1ife.

Check marks in the figure reflect a rudi me
each item, and the placement of some of these
concept being conveyed is that <®sprsodaucecery mht
rather are distributed, with much of the burd
are naturallynpae@atcupapioosablexposd wbhoseand t h
resulting hearing damalge rcaaln owo rbled nferadrm ye dp lvc
hearidmgedwlsts in costs that fall not only on af
generally.

A sampling of cost estimates according to
Masterson and her coll eagues examined average
|l oss (OHL)20h3 tthiem@& 0f0Pame, find®nmi moant sor &¢
mi | I i on I n France, researchers an
occupational noi se in that Countunl!znsqvgyscncNm|21 bil

PpH



reflects the i mmense uncertainty that can be
t he annual cost of lost productivity from adu
extremely wide range of $1.8 billion to $1914

As compelling as these numbers are, they u
nNoi se exposur e. Reasons are |isted in Figure
and injuries by compani es andtiadgnsaot ibzye dwoarsk ew ess
i ncompl ete, missing, or inaccessible data as

Personal and societal values are foundatio
are rarely made explicit in economic model s.
which attendees were asked t o cnoonissiedeerx ptohseuirre,
using sever al qguestions as prompt s:

A What would a figuieter Americaodo sound |ike?

A How much money would you be willing to spe

A How much regul atdtome ods e oafr lacafi vhltowesr s, f

pickéewbald you tolerate?

A How would your neighbors and others answer
A spectrum could be envisioned with respect t
related to occupational safety and health, wi
i mportanceo at the ot her . iFoer 8i9t/s3 9pla/rEtE C tohne ok
safety and health, AWorkersd safety, hygiene :
purely economic considerations. o As |l ong ago
benefits is toobeodomwerlkeavihleyalitm . foav

I n using cost momeaekKisng,o tgwd deomdmean stimnl s f ¢
options for taking deniednt(@amahgsact iacmn) same i
benefit analysis evaluates al t esr ntahtee nsocsetn afr bi aon
the buck, 0 while sensitivity analysis explore
Sensitivity analysis provides | ower and upper
Figure 11.4 il l ustr atye prtelsee ndacenrc efTputf tss iamg & od
study | ooked at average pr-opcucdced HhHedreitngnel €
a US Navy machinistdés mate, as a function of
anal ysi sexpasuwvarledel and exposure duration
found that a 50 percent reduction in exposure
a 50 percent reduction in years affeklposaost.
benefit analysis or calcul ate each strategy6s

Cost models have considerable I imitations
guestions. This is particularly true bécause
dol I ars spent and &waré&eiif heada&zméptad by eic ©i Delky
must be made with respect to: Which costs wil
included because it is considered meaningful,
guality of Ilife isudenisndermoaddelmpomhdowanwi itlo 1 m:
answers to these questions wil/ reflect the wu
Because the costs of exposure to occupational

po



society, incentives for the employer to inves"
Navy be motivated to invest in measures such
for example, WwWhes|l moted Ilteasatisnagirliosredsl dtiegre,i mft
when the Department of Veterans Aff aiGiyxenVA) ¢
the |l ack of incentive on the part of the empl
societyods resparmpsithiel iptrye.s elnnt awiimdi,ngfuft s summ
and health policy, | think, should reflect th
There are all &lieglisslodt imee& hamd sjmsdi ci al acti or
busssnees and researchers, union act&Stinlaty,calmldde
help in this regard. For its part, -etbeomi ¢cea
way t o i mpllreeeesschya bdamaslheaf pr 6s ehEaIDthpencg-plae pos
presentation discussion period, participants

A Noise exposure, and r¢eulmt ipngbheari madl pe®
have no appetite for spending money to sol

A While -gfuafetffactors are fundamentall not
di sabadjusyed | ife years and willing t o
pl ace monetary values on what i s in [

COST EMPLOYER INDIVIDUAL SOCIETY

HLPP costs

Insurance (e.g., workers’ comp)
Medical costs directly related
Assistive listening devices

Lost income

Loss of productivity

Medical costs potentially related
Poorer economic prospects

Lost household production

Lower quality of life

FigureDilrlecit and indirect costs associated wi



A sampling of cost estimates
Amount  [what s

$49 — S67M Average annual cost of claims for OHL (U.S.), 2009-2013 Masterson et al. (2023)
€21B Annual social cost* of occupational noise in France Mietlicki et al. (2022)

AUD 21.3B Projected productivity loss, current cohort of Australian Si et al. (2020)
working population, followed to age 65

$1.8B-5$194B  Annual cost of lost productivity, adult HL (U.S.) Huddle et al. (2017)

$3.9B Annual projected cost savings and productivity gains due to Swinburn et al. (2015)
reduced incidence of hypertension and CHD with a
hypothetical 5-dB LDN reduction in environmental noise (U.S.)

*Includes property depreciation, productivity losses, and health expenses caused by noise *and* economic
valuation of the loss of well-being due to health effects

Fi gur eRelsle&r ch is up against major uncertainty in esti
and environment al causes

Cost figures underestimate true burden

* Underreporting of ilinesses and injuries by companies and by workers
(Phillips et al., 2019)

* Most OHL is uncompensated (Masterson et al., 2023)
* Incomplete, missing, or inaccessible data (Tufts et al., 2010)

* “Downstream” effects of hearing loss often not included in models
(Huddle et al., 2017)

* Impacts on biodiversity, ecotourism, etc. (due to environmental
noise) (Mietlicki et al., 2022)

Figurevalrli.o3us factors contribute to the underesti mat

pp



Sensitivity analysis: a 50% reduction
i in exposure level would yield slightly
3 years 1 greater cost savings than a 50%
Nominal case . .

reduction in years of exposure

»n
o
8
o

—_
“
(2]
2
=
g

Caveat: No cost-benefit analysis;
we didn’t calculate the NET costs of
implementing either strategy

Exposure level (dBA)

Tufts et al. (2010): Average projected lifetime
NIHL-related cost of a US Navy machinist’s mate,
as a function of normalized noise exposure level.

Figur eMoldle.ld ng expecrneldatlad edagnes NflHL a US Navy p
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Dementia is a cruci al and growing public heal:
potentially modifiable risk factor for dement
interventions as the US ptopdilead i onc hages .t Ceo nAC
are providing critical i nformation about addr
cognitive decline.
Frank Lin, a Johns Hopkins University physici
shared his expertise relating to hearing | oss
his presentation were findiemgantfimRaomMrteventamane
|l ntervention, and Care (an expert panel set u
related to potentially modifiable risk factor
from the NationdINIAnstfiumudteea dGiWmighagighhegaldt Cogwnal
El derso (ACHI EVE) tri al

Dementia is a critical public health prior
idea of potentially targeting modifiable risk
prevalence down the road. o0 I ntBa@2Oheahengahos:
and | ate |ife was the single | argest risk fac:
factors appear in Figure 12.1, along with the
achieved by eliismi Mfatcitoomr .of each r

Hearing from an epidemiol ogicalf rpgruemeyt i v
pure tone average (PTA) in the better ear. An
seen in this figure, using a 2&nd8 oclutbééar ohg:
the US nearly doubles with each age decade.

Cognbbroadly defined as thinking and memor
such as memory, execut i vod yfpunccatliloyn ,d eacn d nperso cger:
age, begi-hnfeg Cobgmidion can be emddswr eébdatrteaetrh
tests Neurocognitive testing tends to be per-
domain specifically. Most tests are not | i mit
accurate concl usi oms aoldowtpeeadiniutnidenr srt eaquari chige
circumstances), which can be tested and accou

Dementia, in basic terms, generally occurs
cognitive decline, and reflects the point whe
undertake regular daily activenmntieas.alMé eAlt zvioe imr
di sease and microvascutlaanme dd csrerasleatoifonn hcko dg an ¢
the amount of pathology in the brain and cl in
bet ween pathologypeanatplenotnypihealf opme of <cl in
canodét | ook at an MRI scan and say, OThis per si

How is auditory periphery related to cogni
processes could be involved. F ould in
dysfunction, microvascular dis W ecting
genetic predisposition, and ot Jof{.\l.\fb\”hl,)l.,(.{m i's i mp

pT



beyond the academic issue of correlation and
mechani sms exist through which hearing |l oss ¢

As presented in Figure 12.3, three major m
hearing | oss could directly, mechanically con:
dementia over ti me.dtThhaet fiisr,s ti fia stthteg gbnrieati env & ish gc
i mpaired, garbled auditory signal from the 1in
to deal with decoding these messages, at the
systems. fARather thaeiagrabast abbgnitoi hel peba
pat hol ogy and prevent it from presenting phen
on the effort to decode a more garbled audito
itsel fectoluy ddegrade brain neur al pat hways and
third, | ack of soci al engagement and, in turn
heal t h.

Because these factors cannot be studied ex
inferred from very | arge epidemiological stud
measurements of hearing, cogniti cen,ada@mdhotalser
age, health conditions such as dc¢amebescamtdr dl
for. AEpidemiology is by no means definitive,
confounders and | ooki ng satr ewhadteldert oorc ogmmti th evae
i mpairment/ dementia. o

Figure 12.4 presents three early studies p
Lancet Commi ssion elucidating the relationshi
i mpairment/ dementia. Hearing f aectldrns sorhitguol
reasons: First, the risk ratios between hear.i
500 percent increased risk, theoretically). Al
|l argest risk faondrtion demermtrameTlgecommon,
adul t s.

|l f hearing |l oss is treated with existing i
decline? Randomi zed controlled trials are nee
cannot provide the answer s befcarues ebe twhdarl ei m etoe
cognition, this cannot be attributed directly
hearing aids are overald/l heal thier, wealthier,

Theoretically, there is reason to believe 1
could directly maodiefdyci elgecagini patvewdyad by p
signal and supporting d&ancd atlh eemeglmyyemeediuty e f dec |
dementi a APl ausi BIwh,i cthe arrien g rierattd ryv aamtdieo rug i |
avail abl e, addo wplreeskketberoefriicikal . 0

To answer the basic question of whether, i
cognitive decline within thr eespyoenasrosr,e dt hAeC HN | EHV
clinical trial was kicked off inae2by71, 0dbe de:
participants aged 70 to 84, i's summari zed 1in
participants threatthée ongdiyn & nfoevaar tas " At her oscl
(ARI'C), and healthy commuFRiigtuyr ev oll2u.n5t)e.e rTsh e( "rdaen
of participants received either a hearing int
with a study audiologist) or a control interv

Py



Data from the ARIC group suggests that
within three years by 48 percent 1in
6). The complex findings are summamatzedni
f ounhdt tapts : / / www. aA hb oelviessm udogn olrgysi on, as
fBased on evidence from the ACHI EVE study,
gl obal public health target for dementi a

I n conclusion, ACHIEVE findings suppor
Lancet Commi ssion on Dementia and the 202
address hearing |l oss in dementia prevamti
benefits, including a substanti al reduct. i
Government actions are needed to:

A Help gain insurance coverage of hear.|
A Devel op r egud laceoiua(n@ITrG)orh eoavreirng ai ds t

affordability; and

Early life

Lancet
Commission on
Dementia
Prevention,

Intervention &
Care

Potentially Modifiable
Risk Factors for Dementia

Physical inactivity

Q¢ -

G. Livingston et al., Lancet 2020

FigureDdmedti a ri sk

A Create public
Ssimpl€refgoency
smartphones for

pur e

P

factors

awar eness

hear i

Percentage reduction in dementia prevalence
if this risk factor is efiminated

Newly-identified risk factors

Hearing loss in
mid & late life
identified as the
single largest
potentially
modifiable risk
factor for
dementia

and their

campaigns on
tone average as
ng awareness.

popul ati o
cahi
publ i
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https://www.achievestudy.org/
https://www.achievestudy.org/

“Hearing loss” — Functional status of the cochlea
characterized by pure tone audiometry.

AUDIOGRAM Prevalence of Hearing Loss in the U.S., 2001-2008

Left Ear X  Right Ear O
-----'l'

Severe Hearing Loss. 12-19 20-29 30-39 40-49 50-59 60-69 70-79 280
|| Age (years)
Better-ear PTA > 25 dB; Lin 2011, Arch Int Med

Pure tone
average (PTA)
Of 05N B
4 kHz tones in

the better-
hearing ear

Normal Hearing

Mid Hearing Loss

Prevalence (%)

50 } }
Moderate Hearing Loss

Hearing Level in Decibels (dB)

500 1000 2000 4000 8000
Frequency in Hertz (Hz)

FigureMd&s@ring hearing | oss; and hearing | oss

Hearing Loss & Dementia
or Modifiable Risk Factor

- N

Hearing Cognitive
\ / Dementia

Common

pathological process . .
F Lin & M Albert, Aging Ment Health 2014

FigureMd@h8&8ni sms | inking hearing |l oss and cogniti



BLS BALTIMORE LONGITUDINA
STUDY OF AGING

Moderate

Severe
HR 95% Cl p

Mild 1.89 1.00-3.58 0.05
Moderate  3.00 1.43-6.30 .004

6 8 10 12 14 16

Time from baseline (yr)

Lin et al., Arch

FigureEdRlL A research

| seerease 1os-22a o 1,889 older adults

Dementia in 1057 Men Followed for 17 years
in the Caerphilly Prospective Study (U.K.)

Model 2: adjusted for age,  Model 3: adjusted for age,

Model 1: adjusted for age, social class, anxiety,
Cognitive impairment OR* (95% Cil. p value OR* (95% Cll. p value

All domentia (n = 79) 4.07(221-7501 <0.001
Vescular dementia (n = 38)

Nonvascular dementia (n = 41)

CIND (n = 146)

All dementia (n = 46), omitting

men with evidence of earty
cognitive decline

social class, anxiety. premorbid
Jotallipance OR(85% CIl p vakue

Dementia in

Hazard Ratio

followed for 9
years

Hearing Impairment (dB HL)

Figure 2. Multivariable-adjusted association between PTA and incident

Q ! BC dementia, Health ABC Study, N= 1,889, 1993-2008. HR of incident dementia

J. Deal et al., J. Geron Med Sci, 2016

ACHIEVE STUDY DESIGN

Recruitment
& Randomization

Existing heart health
study participants
(n=238) PARTICIPANTS

Atherosclerosis Risk in
Communities study (ARIC) group
70-84 years old

Untreated hearing loss

New healthy Normal cognition
community volunteers
(n=739)

De novo group

2018-2019

Semi-Annual
Intervention Sessions Follow-Up Visits

Hearing Intervention

Audiological counseling and provision
of hearing aids & related technologies.

LEE” Successful Aging Health
= Education Control

Sessions with a health educator covering

topics relevant to chronic disease &
disability prevention.

2018-2021

Final 3-Year
Outcomes

Cognitive Decline
Brain Structure

Mental Health
& Well-Being

Physical Function

Health Care Use

2021-2022

FigureACHIL BVE study:

Clinical trial

of hear

ng

0SS

providing demenhciangoewiedénoa
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3-Year Change in Cognitive Function

3-Year Change Favors Favors
B (95% CI) Control Intervention

Total (N =977) In the ARIC cohort,
Control . -0.202 (-0.258, -0.145) hearing
Intervention -0.200 (-0.256, -0.144) o = a "

ARIC (N=238) intervention
Control -0.402 (-0.536, -0.267) reduced 3-year
Intervention -0.211 (-0.349, -0.073) ¢ global cognitive

De Novo (N=739) : o,
Control -0.151 (-0.215, -0.087) ek decline by 48%
Intervention -0.213 (-0.277,-0.148) T r .

-0.50 -0.25 0.00 0.25 0.50
Rates of cognitive change ~3x Biffcrénee Berweeh
faster in ARIC than Intervention & Control 3-way interaction:
3-Year Change p =0.010 20
De novo controls
FigureACHIL BVE stwayr dharmrge in cognitive

Hearing Intervention & 3-Year Cognitive Outcomes

® |n the total combined cohort, hearing intervention had no effect on reducing cognitive decline

within 3 years

® Strong effects in ARIC (48% reduction) suggests that hearing intervention reduces cognitive

decline within 3 years in populations at risk for cognitive decline

e No effect observed in De novo > Slow rate of cog. change may limit ability to observe any

positive effect of hearing intervention within just 3 years

o  Slow cognitive decline likely reflects self-selection of “healthy volunteers” in the de novo

cohort (vs. ARIC participants coming from a randomly selected cohort recruited 30+ years

ago)

FigureACHL EVE Study:

H e a ryi enagr

funct

i cnotgenrivteinvtei oonu tacnodm e3s
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The Iink between noise ¢Nbeosuire] umi ¢é¢dheofwloe kpl a
argument for employers to pay attention to wo
prove more persuasive t-thammah esarsasmogned disnc ursoitn gv
empl oyers to reduce wod kpthodi ngi sareReklentde:
of Michigan studies and a rigorous, dcfyseremat i
evidence of strongs easesxopca saurieo nasn do eitnwjeuerny nroiis Kk .
I n his second presentation of the AOccupation
the University of Michigands Richard Neitzel |
occupational injuries. Adreosn ga momr kseA nsg edineda eel mpyl
hearing | oss prevention is typrcamodtliyvatoe cons
empl oyers and employees to pay attention to t
i s-tdjreob i njuries. SucphiopuwzihaAs@i mige e amMcdatba et
to the government and spotlighted by the medi

Neitzel s research team and other research
exposure and the risk of ocmogdgiatiabhé faguorese
be associated with injury risrkoi siencdxupdasnugr ef,a ca
presented in Figure 13. 1. Modi fi able factors
wor kl oad, as well as wuse of hearing protectio
AWe think al/l of MHlhe sfea ptodresntdrad | p/a rmo da ff itah e ¢
being exposed to noi se dalma ittheiim tlhe efldrhm oadf oc
or even fatal injury.o

Recent studies have shown associations bet
controlling for factors such as a personé6és he
US study involving more than 9,i00p®damameariacd .ur
Researchers observed statistically significan
and as noise exposure increased, controlling
factors for injuries.

Anot her | arge Canadian study foll owed mor e
exposure in workplaces spanning various indus:
more than 43,000 injuries. The stthued yp rsehvoaw eedn cae
injuries, as hearing status ranged from nor ma
13. 3.

Il n anot her study, the i mpact of tinnitus ol
along with the effects of noise exposure and
hearing | oss were seen to haveed 295 pédosenwhi
neither condition, controlling for noise expo

The University of Michigan has ducted v
years | ooking at noise exposur e a juries.
experiences of miners, who-imaj\ue:eaj high p
hearing | oss, oftemi giltseer hreatre 1 gt p - dse®ni mtc

co



industries, and have very high fatality rates

hearing | oss can increase the risk of

getting injured, wearing hearing protectors c

ability to hear what i s going on in the worki
[

Three University of Michiganhestuadi ¢bewpresamo

A Crosectional study of aboveground miners
(https:// pubmed. BORGHhkembni A, g&wmi BBEOEBE M, Breg:¢
Evaluating Occupational Noi se Exposure as a
Wor k Expo Health. 2082.Ndwi i516609P31harmhweh/
36053031.

Boosted regression tree analysis all owed res
i mporodotsapneccei fi cally, in this case, the i mport
t he workplace. Among the 18 @lIr&tdiixceée oir mp @ IXtaanm
AThis indicates that noise may have much mor
injury than wedve recognized historically.o
noi serelated injury becamed satsadiae stginmteald! aver g
(TWA) of 88 dB(A). | mportantly, workers with
one of every fda edmdengpuornisees frienpdoirntgedi mpor t ant
epidemi ol ogi cal research.

A Study of all reported US workplace injuries
(https:// pubmed. ncbhi.nlm.nih.gov/ 34697222/

Researchers were interes
sound | evel LAeq over 85
statistic that, in 2019, r4e3ds,l @0 iimj ur
away from work, the Universi of Michigan r
acut e oiand jmorsité shi5g OtO Ohave been prevented i f tF
to noise. The r esearactht rtliebaunt mgbsutrii mast @ ch tt thaet Un
have been associated with medical costs of &
in this study can really help us home in on
notrsed ated injumyheTlpatarigett effmorc¢cas to redu
injuries for those workers. o

A Retrospective assessment of occupational noi
(https:// pubmed. nchiShkembni A, g&mi 8h70MLO00BEI t
Retrospective assessment of the associati on
injury rates among miners in the United Stat
Jan; 6540L.) :dBdi : 10.1002/ ajim.23305. Epub 2021

wHatu rprao®ao ratgie
, by the Stanodoa

\<r—|'v3

ong mi nifnagt aMmo riknejrusr yo fwintohn wor kdays | o
cantly elevated, and risk of any ki nd
increase in TWA. The | artgewsats rniostke dw al
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https://pubmed.ncbi.nlm.nih.gov/36053031/
https://pubmed.ncbi.nlm.nih.gov/36053031/
https://pubmed.ncbi.nlm.nih.gov/36053031/
https://pubmed.ncbi.nlm.nih.gov/36053031/
https://pubmed.ncbi.nlm.nih.gov/34697222/
https://pubmed.ncbi.nlm.nih.gov/34697222/
https://pubmed.ncbi.nlm.nih.gov/34697222/
https://pubmed.ncbi.nlm.nih.gov/34706100/
https://pubmed.ncbi.nlm.nih.gov/34706100/
https://pubmed.ncbi.nlm.nih.gov/34706100/

Admi ni

stration revised their noise regulatia

injury rates and noise | evels went down, as
evidence that, i f we can moti vattoe wdnakndgres i n
onl vy n terms of noise exposure but also in
materi al rel ated tlot tthdg s/ /st alidsye .i sshiarvyad d md.lieo
A systematic review conducted by researchers
number of studies | ooking at the risk of inju
The research found a significaghégt hegpesuras
compared to those with | ow exposures.
Conclusions from the four studies are summ
points to the conclusion that fApreventing noi
the workplace. 0 The evidence Asupporéemphowmarch
the right thing, beyond simply telling employ
that may arise 20 years from now. 60
The American Conference of Government al I n
statement with the threshold Iimit value (TLV,
for audi ble sound, the term the foregmniozeaetrisomr
protecting their workers against hearing | oss
wor kpl ace. Il njury risk might odbientteirefde rtion gb rwietfh
shouted warndngthéorthanmalVleeaglke. The ri sk ma)
factors independent of the intensity of sound
bet ween workplace noise and injury risk.
During a discussion session following the
approaches for reducing noise exposures are n
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Hypothesized
relationship between
noise and injuries

Shkembi et al. Noise exposure and mental workload:
evaluating the role of multiple noise exposure metrics
using BKMR modeling among surface miners in the US
Midwest. Appl Ergonom 103, 103772.
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Occupational noise, hearing loss, & injuries

Retros pe ctive Table 5. Fully adjusted multivariate mixed model results with random intercepts for plant, job and person within plant-job. [RR=relative risk;

cohort,
9,220

Noise (mean dBA)
workers P
82-84.99
6 years 45-87.99
288
HTL (average 0.5,1, 2, 3 kHz) (dB)
<10
10-24.99
225
Age (each 1 year increase)
Female
Heavy/very heavy physical demands
Tenure < 1 year
White

manufacturing  Noise and HTL modeled as categorical variables

Cantley et al. Association between ambient noise exposure, hearing acuity, and risk of acute
occupational injury. Scan J Work Environ Health, 2015. 1;41(1):75-83. PMC433739.

95% C1=95% confidence interval; Pr>F=significance test for fixed effects; HTL=hearing threshold level; dBA=A-weighted decibels; dB=decibel]
Acute injury (including minor injuries) Serious * acute injury
RR® 95% Cl PrF RR® 95% Cl Pr>F
Reference 0.0135 Reference 0.0005
1.00 1.00
1.15 0.94-1.41 1.26 0.96-1.64
1.34 1.07-1.70 9 1.05-1.85
1.61 1.13-2.30 9 152-347
Reference 0.0008 Reference 0.2751
1.00 1.00
1.06 1.00-1.13 1.07 0.94-1.20
1.09-1.33 1.17 0.96-1.42
: 0.98-0.99 <0.0001 0.99 0.98,1.00 0.0038
1.63 151177 <0.0001 146 124172 <0.0001
1.16 0.90-1.50 0.2427 140 1.04-1.89 0.0274
129 1.15-1.44 <0.0001 1.07 0.84-1.36 0.5796
0.88 0.81-0.96 0.0026 0.96 0.82-1.13 0.6486
3
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Hearing loss and injuries
. 14
Retrospective e
1,35
cohort across .»1_Near-monotonic increase in prevalence _— —
multiple industries .. /¢ R i
52,982 workers ~ E 1, P
with noise >80 2 116 i '/
dBA § 4
5 years i 08 _ //./
43,250 injuries , e
Category of hearing sensitivity 0,85
09
Normal hearing (0-15dB) normal heanng  just noticeable hearing loss  mild hearing loss moderate heanng loss  severe hearing loss
Just noticeable hearing loss (16-30dB) Hearing Status
Mild hearing loss (31-40dB)
Moderate hearing loss (41-50dB) l bbbl 9 goran) Promcton o o [r——
Severe hearing loss (=51dB)
Miess propiortion Fig. 2. Accident risk depending if hearing is treated categorically or as a discrete (continuous) variable.
Picard et al. Association of work -related accidents with noise exposure in the workplace and
noise-induced hearing loss based on the experience of some 240,000 person  -years of 4
observation. Accid Anal Prev. 2008 Sep;40(5):1644 -52
Fi gur eRel a.t3bentsveie;m preval ence of occupational i njur

|
3. Retrospective assessment of noise and injuries: Results

=
c

Significant reductions in all
types of injury rates at all
types of mines following
changes to HCP regulation

Pre-HCP
Post-HCP

d Bl sl

i ul ul =

Average NDL Rate per 100 FTE
Average NFDL Rate per 100 FTE

°
C

1

| N B

Nonmetal

Average All Injury Rate per 100 FTE
Average Fatality Rate per 10,000 FTE

*p<0.05, **p<0.01, and ***p < 0.001.

114l ¥

Shkembi et al. Retrospective assessment of the association between noise exposure and nonfatal and fatal

injury rates among miners in the United States from 1983 to 2014 Am J Ind Med . 2022 Jan;65(1):30  -40. i
Figurénid8r4 rate reductions at mines foll ow
to hearing control protection regul atio
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