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'Noise-4'duced nearing foss is one of fue" most CQ~OR occupational ill­
nesses in the United St.ates. !tis cli.aracterized by a gradual worsening.of rugh­
·frequene::y hearing. fhresholds over time following chronic a:ti.d someti..rrles 

· acute exposurEi to excessive noise levels. Figure 1 illustraj:es a ty:pi~al progr,~s-
,:, I ' 
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Figure 1. Progression of hearing Joss following exposure to 95. dBA TWA Dat~ show 
hearing loss-for white males at ages 20, 30, 40! SO-and 60 years with 0, 10, 20, 30, and 
40 years of, exposi.Jre, reseectively{AN;SI S3.44-,1996). · 
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·rovements in technology, hearing aids do not restore "normal" hearing. 
Occupational noise-induced hearing loss is typically described in terms 
hift from baseline hearing thresholds. However, there is no consensus 

arcling how much hearing loss constitutes a significant change frem pre­
., ting hearing levels. The OSHA hearing conservation stan~ard for general 

try (29 CFR 1910.95) and MSHA (30 CFR 62) define a significant change 
. ·ch it calls a standard threshold shift, ot STS) as an average shift from 
eline of 10 dB or more across the. frequencies of 2000, 3000, and 4000 Hz in 
er ear. OSHA allows the subtraction of a correction factor for aging (i:fres­
usis) when computing $TS. NIOSH, in 1998, defined a significant thresh­
shift as an increase in hearing threshold of 15 dB or more at any one-fre­

i!ncy (500, 1000, 2000, 3000, 4000, or 6000 Hz) in either ear that is confirmed 
tt the same ear and frequency by a second test. NIOSH does not allow-age 

· h ection. The Department of Defense (DOD) has adopted OSHA's defini­
~n of STS; however, it has retained its criteria for a 15-dB shift at any single 
· quency (1000, 2000, 3000, or 4000 Hz) as an "early warning flag" for hear­
g loss. 

Even if a hearing loss meets the OSHA STS criteria, the hearing loss _may 
1may not need to be reported on an OSHA Log $00. In order to be rec:ord­
_le, a hearing lo.ss must_ (1) meet the criteria {or STS, and (2) result.iii an 
solute average threshold of 25 dB or great~r (averaged across 2000, 3~00, 
~ 4000 Hz; age correction not all.awed). A1so, tpe employer may se¢k to 
.ea "qtialified" health care p rQ.fessiortal maj:<e a determinati~n df wor~ 

' tedn~ss:- Co.tlSequently, the occiurrencre of: occ~patiQnal noise~mi1:t-c~d 
. · g_l?ss a~ measured by _OS~is u_sually·les!, than it istby o!her eri.fitifs . 
Ijearmg,loss m ay also be descnbed m terms of_abs lute unparrment.,(~ 
~ audiometric _zero). THere is no, t.uuvers~ly a~cepted boWldary detriar., 

tmg the p_oint at which hearing loss be<Zomes ~-b~aring imp~ent NIOSH 
·· id~rs fu~t ~ w.orker has ~ustained what. :,i! calls a .,,tna teri.al h earing 
_<!,i.rment'' when his or her average heating ffireshold Jevel for both ews 

s 2:S4B at the au4i_ometric frequencies -of 1000, 2000, ~nd 3000}:Iz. 
. ,; ""'. .;. . . , . . . ' .{If: 

rrence .c . . . •• 

E$1:imates sugiest t:fiat there are at 1e~st 5-<ntlllion, ·and perhaps as many . 
ao million, Americans <,>ccupationally expo'~ to noise levels greater than 
dBA. 4pproximately 50% of all oocupati()nal. noise exposures occur to 

~cturing anc:t_~tie~ workers; 20% to tr~tion workers; and tltf{. 
met-el." to wor~e.rs in a~tnre~construetio~".itlining, and the puli~· 

en at least 10 years of nois*t exposure a:t..85 dBA,. 8% t>f work~ will deve!-' 
. a .~leriat heating impffer4,tent (per the NI©SH deWrition) by a:ge-65. . · 

:l'i:,es to 22i>/i, 38%,. and 44o/o-,Wiflte · of 90, 95, an too dB4;, . 
J~lX· Accorlling to th• NIH, approximately one-third of all Jt~

. pe attno,µted at least qt,~ to no· . posute;~d the.most _com;. 
rc;e 'of ex~ve neise e~ure is k. the im:p,ct: <>1:Jt~g 
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impairment on occupational safety and health was underscored by a recen J 
finding that sensory impairment-particularly hearing loss-is associated wit j 
a substantially increased risk of occupational injury. j 

Although hearing normally declines with age, the average, healthy, non- j 
noise-exposed person will have essentially normal hearing at least up to age J 
60. According to the American National Standards Institute (ANSI), the medi- 1 
an hearing level averaged across 1000, 2000, 3000, and 400b Hz for non- f 
exposed 60-year-old males is 17 dB HL (Hearing Level) and females, 12 dB 1 

•(i 

HL. Thus, aging alone should not prevent the average person from enjoying ~ 
normal hearing throughout all or most of his or her working career. The audi- J 

"' tory effects of aging and noise are thought to be additive. Because of this and g 
because older workers tend to have greater lifetime noise exposures, the  
prevalence of occupational hearing loss increases with age. j_··. 

Individuals vary in their susceptibility to hearing loss. The prevalence of
hearing impairment is greater among whites than blacks and higher among j 
males than females . However, there is currently no reliable way to identify par-  
ticular individuals who may be most susceptible to noise-induced hearing loss. P 

~~  
Occasionally, a single traumatic exposure to noise-typically having an , 

inte::~lty in excess of 130-140 dB SPL (Sound Pressure Level)-may cause j 
hearing loss. More often, however, hearing loss is caused by repeated expo-  
sure to noise above 85 dBA over long periods, frequently as a mixture of  
impulsive and continuous-type noise. The risk of noise-induced hearing loss 
depends on both the intensity and duration of the exposure. As intensity  
increases, the length of time for which the exposure is "safe" decreases. The  

exchange rate is the relationship between exposure level and duration. It is  
defined as the change in allowable intensity level with each halving or dou-
bling of duration. For example, a 5-dB exchange rat~ permits the level to be  
increased by 5 dBA for each halving of exposure duration, and requires the  
maximum level to be decreased by 5 dB for each doubling of exposure dura-
tion. OSHA a~d MSHA use a PEL of :0 dBA with a ~-dB exchange rate for an 
8-hour, A-weighted exposure to continuous-type noise.  

NIOSH, the DOD, and ACGIH use an REL of 85 dBA with a 3-dB 
exchange rate (also called the "equal-energy" rule) . The EPA and most  
European countries also use the more conservative 3-dB exchange rate. The 
dBA scale is a logarithmic scale so that doubling the sound energy is equiva- '
lent to a 3-dBA increase; thus as noise level increases by 3 dBA, the permitted 
duration of exposure should decrease by half. The 3-dBA exchange rate is -
based on the theory that injury to the ear is proportional to the rate that sound ·.
energy is absorbed. If the sound energy doubles and the duration is :
decreased by half, the energy level remains constant. Hence, the rate of 
absorption is the same, and there is thought to be an equivalent risk of injury.J 

Determination of safe exposure levels is actually a value judgment based t
h 
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Table 1, Comparison of models for estimating the excess risk of hearing impairment 
at age 60 after a 40-year working lifetime of exposure to occupational noise. 

0.5-1-2 kHz Definition 1-2-3 kHz Definition . 
1~2-3-4,_kHz 
Definition 

Average 1971- 1972- 1973- 1990- 1997- 1972- 1990- 1997: 1990- 1997-
Exposure Level ISO NIOSH EPA ISO NIOSH NIOSH ISO NIOSH ISO NIOSH 

(dBA) 

90 21 29 22 3 23 29 14 32 17 25 

85 10 15 12 10 16 4 14 6 8 

80 0 3 5 0 4 3 0 5 

on statistical calculations of the excess risk of ht;aring loss. Table 1 illustratf.;S 
the percentage of an exposed population at risk of developing hearing· . 
impairment by age 60 after a 40-year working lifetime exp@sure to occupa: ·

. Jional noise. Ris~ estimates ~r:e shown.as a function of exposure l~vel for sev- n' 

eial different statjstical models for risk'q.~ageand three qifferf:µt _defutlfiol}p 
of material hearing impair.ment. Althetdgh the, _percen~ .ii~k . of hearing loss 
varies between models, a11 ·mooels;sh~w 1Ittle ·if any risk at -80.,_dBA exposure 
levels, ~d ge!ierally the risk of·devefopmg a .material he~iiirig;;i.Jnpairment 
do~l5Ies as'eiposu.re level inerea_ses fr0m 85 to 90 dBk \-'. ; .: -~ . 

1
,. • 

.. There are many nonoccupational · causes of hearing loss, indud;!ng 
itppacte;d cerumen, middJe ear ihfecti9ns, ang dis~ases such as meningitis . 
-~d Meniete's syndrome. Non9scu.pf1titma1-11oise-induced hearing loss tnay · 
·also·result fro~ .fteqrientexpostu:e to lottd.m usjcand noisy hobbies, particu- . 

·r1YJ thp.se ·inv~l~~ -~ · 
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?re11ention 
Because permanent noise-induced hearing loss is irreversible, prevention

is the only way of reducing the burden of this occupational disease. 
The Department of Labor has separate hearing conservation standards  

for general industry (29 CFR 1910.95), mining (30 CPR 62) and construction
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(NRR) specifying how much attenuation their product will provide. The NRR 
is based on performance obtained under ideal laboratory conditions. Usually, 
workers obtain far less protection than the labeled rating, and there is little 
correlation between the labeled rating and the actual protection obtained by 
workers in the field (Figure 2). Because of this, OSHA has adopted a 50% de­
rating of the NRR; NIOSH recommends a de-rating scheme of 25%, 50%, and 
70% for earmuffs~ slow-recovery formable earplugs, and all other earplugs, 
respectively. ANSI has approved a "subject fit" method (Method B of ANSI 
S12:6-1997) for estimating hearing protector attenuation which has proven an 
effective means for estimating the amount of protection workers can .realisti­
cally expect to obtain; some manufacturers are voluntarily includiijg this 
label on their products but it is not currently mandated by law. NIOSH rec­
ommends using "subject fit" (if they are available) instead of de-rated:.NRRs. 

The best heqring protector is not the one with the highest NRR, but th~ 
one that the worker will consistently wear whenever exposed to loud.noise.· 
Hearing protectors are unlikely to be worn unless care is taken to address the 
"four Cs": comfort, convenience, communication, and cost. There is no single 
protector that will fit everyone, be universally co~9rtable, and be approp:d­

. ate in every environment. Workers should be pe! mitted to select J rd.m an 
assortment of devices that provi~e the prop~t .f1tlenuation and are apwoprf-
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ate for their work environment. Simply passing out hearing prote~,tqrs is not 
sufficient; training must be provided in their use and .care as well,. .9s C?n the 
effects of noise and hearing loss in _general. Unless care.is ,takei:i ti}.iistill a 
positive workplace safety culture, the· social <mst of ":'ear~g HPDs i!1~t be too 
great and workers may not use HPDs even when they are ·approj:inate.-and 
readily available. ._, '.:t ,~,... 

If workers c\Fe exposed to TWAs of :2:105 dBA, the use of dual he .• . ro-
tection (muffs and p lugs) may be advisable. fu a recent review of this.li:;~~e, it 
was concluded that there are no available methods for predicting tlif '.~Bdi­
tional attenuation achieved by combining n:mffs with plugs. _';{be: gaifi;m,ay oe 
a~ little as Q dB at sqme frequencies, and as much as 15 d~:)it other£~f,9uen­
c1es. A good rule of thumb would be to_ ~dd 5 d~ to the exp~,ded atte~µation 
of the more protective ·device, wli:en u.si:hg dual protectioJ.i; :Because o. bo~ 
conduction pathways to the cochlea, th~ maximum attenuatibh,.is abotit ,;w to 
50 dB. . . ' · · . . ., · ;.'·~::~ 

- • • ·:.f "'titi . 
Audioµietric testing is necessary to monitd:r wor ~ers' hearing.,A ba~ 

hearing test should be obtained at the beginning of emplo:YJft~f, andj :ri.o · 
t9,ring au~ogtams --~h6uld be obtaine.d :. ·at least annually.. to. identify 

. chan~e h1 he~ring 'that migfit indifate unde:tprotectio.ru;f ,!jom ''the no· 
· ·. Monimririg·auruograms are best .obtained towards the end 4l the work s 
· ,- in qrd~r to identify· temporary threshold s}:lifts before they%5et::ome pe . : 
 ' nent. The annual hearing test ~ also an excellent_ oppor tuntrnto pro\f\de ' ' 
 . vi;dual "'.'70rke11 training and education. . - .. :.. · 1 .' · 

An a . cliometric database slfould Jie main~etl ·tQ eva).iiate the effecti _ 
 ,. ness of the p rogi;am in p~ventingheariftg. l<;>ss ar:nri11g its employees. Rec._o, 

· .of each component of the l)ecfring los~ptevention program shoulcl be 
_tained. · 



Part II: Occupational Diseases 231 

American National Standards Institute, 1996. 
Berger, EH. Noise Control and Hearing Conservation. In Berger EH, Royster, LH; 

Roster JD, et al. (Eds.), The Noise Manual (5th Edition). Fairfax, VA: American 
Industrial Hygiene Association, 2000, pp. 1-3. 

Berger EH. Hearing Protection Devices. In Berger EH, Royster LH, Roster JD; et al. 
(Eds.), The Noise Manual (5th Edition). Fairfax, VA: American Industrial Hygiene 
Association, 2000, pp. 424-425. 

Dobie RA. Medical-Legal Evaluation of Hearing Loss. New York: Van Nostrand Reinhold, '
Inc., 1993, pp. 1-3. . 

Morata TC. Effects of chemicals and noise on hearing. Journal of Occupational and 
Environmental Medicine 2003; 45: 676-682. .. · 

National Institu:tes of Health. Noise and Hearing Loss: NIH- Consensus. Development '"
Conference Consensus Statement 1990. Bethesda, MD: NIH, 1990. .

National Institute for Occupational Safety and Health. Revised c_riteria for a 
Recqmmended Standard: Occupational·tyoise Exposure (DHHS [NIOSH] Publication 
No. 98-126.) Washingto.o, DC: NIOSH; 1998. _ _ 

National Institute on Deafness and Other._Conununication Disord~rs. Noise-Induced ·
_ Hearing,·Loss (NIH },5uqlication No."9:?-4233), Bethesda, MD: NIJi,·J~r · . - . 
·Occupational Safety and EealthAdmiriistratjon. Occupational.Noise. Eiposure Standard. , 

1983; 29 CER (;hapte,r XVIT, P<lt't!9J.0.9?· - .. ,'!;ii,_ r: . . .
Prince MM, Stayner LT,. Smith RJ, et,ale' A".r&-exam:ihation ohisk estimates from thet:[

NIOS.f1:_ 9<:cupcitional·Noise and Hearin.g Survey (ONHS). Jourtml of the Acoustical t
Sdcieh; of America 199V; 101: 950-963. ·· - . · _ - : 

. World Health Oiganizatiom Noise and Health. Geneva: vyHO-r 2poo. 



Preventing 
Occupationa Disease 
and Injury Second Edith)ffll 

Edited by 
Barry S. levy, M.D. , M.P.H. 

Gregory R. Wagner, M.D. 
Kathleen M. Rest, Ph.D. , M.P.A. 

James L. Weeks~ Sc.D-. 



$.~. 

,Afuerican Public Health Association 
-· .,. 800 I Street, NW 

Washington, DC 20001-3710 
www.apha.org 

© 2005 by the American.Public Health Association 

All rights reserved. No part of this publication may be reproduced, 
stored in a retrieval system, or transmitted in any form or by any means, ~lec­
tronic, mechanical, ph,ot?copying, rE:cording, scanning, or othen,iise, except as 
permitted under Sections 107 and 108 of the 1976 lfnited States Copyright Act, 
without either the pripr,_ wri~en Permission 9£: the Puoli~her_ or auth~.rizatior: 
through p~;"ment eLthe ·appropriate per-copy fee tq ..tne <fopyright Clearance 
Center [2.22 Rosewoo.d,:Prive, Danvers/ MA 01923 (978) 750-:8400, fax (978) 750-
4i'44, www.copyright.cdm]. Requests to the Publisher for permission should be 
addressed. to the Permissions :Department, American ,Pub.lie Health 
As~0~ation, 800 I Sti'eet, .Nw, Washington, OC 20001-3710; fax (202) 777-2531. 

< '""k ··- ., . .. . ' . · 

Cover photographs by :Earl Dotter illustrate airboro~, e.rgonon;:ric, safety, anc,i 
physicalJ 1azards at workt all of :whi'11...,a:re p~ventable. .
, ~ ' i 

Geer~ C. Bertj~, M.D,.FACP 
Executive ,Director · 




