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"THE BESTHEARING
ii! PROTECTORISTHE ONE

THAT GETSWORN."!:
_.lt! Totheabove oh-quotedsayingwe would add: thedecibel,is based ona logarithmicscaleis per-
_J 'all thelimeit isneeded", hops themainreasonfor Ibis.Wecannotaddor
.,_ Clearlya hyper-effecliveprolector thatistoo subtractdecibelsaswe do ordinarylinearunJls.
! uncomfortable1ousedefeats[is purpose.We A more obviousdanger is thatunlessyouknow

t! would, however,go a stepfurther: it isfor belier to exactlywhenlheywJ]Jhappen, inlermitlentperiods"Z!
_! usea comforlabreprotectorwith somewhatless ofextremelyharmfulhigh-energynoisemayoccurat_enual[onduring a highproporlionofa noise whitetheearsare unprotecled.

_ exposurelhan reluctantlyweara high-atlenuation Thispublicalion aims toillustratelhotthe
!_; protector now and then. attenuationofa hearingpro_ectorhas Jittlebearing

Thedanger of wearing hearingproteclorsfor onthe actualor effectiveprolectlongiven,unless
only partof thenoiseexposuretimeisnot readily _heprotectorcan beworn for thefufFdura_ionof lhe
appreciated. Thefact _haltheunitof soundlevel, noiseexposure.
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I THE RISKOF
INJURYDEPENDS ON THE

TOTAL NOISE DOSE.
,i

• When we assesstheriskof permanenthearing ditionsfromthe durationsand dB(A}-Ievelsof the ii:,
damageforpeopleexposedtonoise, weworkwilh dlfferentnolseexposures.Takingah,picalworking r,

._ a numberof simplifications, day aso sample, we calculate theequivalentcon-
One suchsimplificationis to measurethe t_nuoussound level Leq that wouldgivelhesame /LI

overaflintensityof soundind8 A). Another isto risko injuryas Jheactual exposure.
estimale fhe riskcriteriao non.unlformnoisecon-

EQUIVALENTCONTINUOUS SOUND LEVEL(Leq).
In calculating e_uivalenlcontinuoussoundlevels halved.And, as a logarithmicscale isused,halv-
wemakeuseofageneratlyaccepledtradingrela, ingiheenergycorrespondsioadecreaseinsound
lionbetween dB A) levelsand exposurelime,This levelof3 dB{AI. ,
relalion isbased on Iheapproximationthat the risk Simplystc_ted,then,we can find the Leqfor
of inury depends onthefatalsound energy • non-continuousexposureby measuring!hediffer:-

, reachingthe ear,regardlessof how lhe energy is ent soundlevelsand durQlionsof the exposures
. dislribuled Jntime.Thisis knownas theequal and calculatingtheaverage noisedose spread

• energy ruleand implieslhatif/he exposurelime is overaneighhhourday.
doubled, lhe permissibleenergylevel mustbe
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' Two VASTLYDIFFERENT
NOISE EXPOSURES

THAT CARRYTHE SAME
'!, HEARING DANAGE RISK.
.t
•.. A man issubectedto thepaltern ofsoundshown

, 'i n fg. 1, namely: Sound level dB[A)

_._ O_,o,o,of 120' : SOundc_&(Allavel 5 hours
-"' ,0-J H

1
1Drains

";,I 105 . 45 mins

For theremainderof lheday Ihesound level 100
(s70dB(A) orbelowand cansafelybe(gnared,

Usinglhemethodofcalculalionrecommen- 90-_

ded by ISO (InternationalOrganiza_fonfor Stan- t
' dardizafion)the Leqworksoutat 100dB(A)tothe 80 '

:_ nearestdecibel. 70 _ ' _ 'Lnfig.2 the harm{uLexposureis restrictedto
a soundlevelof 115dB(A fora durationof 16 O 2 4 8hours
minutes.TheLeqinthiscasea soworksout al
100dB(A}. Fig.1

The _iluafionin fig, 2 canbe likenedto !!mr Soundlevel dB(A)• whorea manwear_ hearingprotectorsprachcal-

ly the wholeday ina steadysoundlevelof 115 120-_ii dBA).The protectorsare capableofattenu_ting

, Ht thesoundtolho maximumpermittedlevel,but 110--t
i are uncomfortable.Themanremoveslham fora Leq100 dB(A)

few mlnutesat a fime.-inall16minut-spot day. 100]
'{' Ha wouldthenbe exposedto thesamehearing
"f' damaga.rlsk as if he wont wllh unprotectedoars 90-)/-! ina continuoussoundlevelof 100dB(A)durra9

80cm8-hour duy.
'I Thoactualor of[activeprotoctmnachieved

in thiscase amountsto a roductlonintheLotl 70 ,
_ from115to 100dB(A)-sfilla dangerouslevel by 0 2 4 6 8hours
J any criterion,
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THE DRAMATIC
EFFECT OF REMOVING

HEARING PROTECTORS '
DURING NOISE EXPOSURE.

Fromthe foregeing examples, we have seen that attenuation-no sound energy at all reaches the

relatively short exposures _ohigh noise levels in- ears while lhey are worn. And yet even these
valve e serious hearing damage dsk. We have also ideal protectors would hove Io be worn for a vary
seen that the effecfive praleclion of hearing prolec- high proportion of the exposure lime to give
tars can be expressed in terms of the reduc*ion in adequate on-the- ob protection.
Leq achieved by the wearing of them. In practice, of course, hearing prolectors do

The effect of removing hearing protectors netprovide inlinile aflenuation. Somesound enar-
during a noise exposure is simply illuslreted in fig. gy reaches lhe ears while they are being worn.
3. Here the proteclors are assumed rogive infinite

The graph has bean construcled from Iheexpression:

E|facfive pr°te¢li°n dB(A) - 10log (10(_-%100imeworn•

6 IAfler D. Else)

T_





ABETwREALISTICCOMPARISON
EEN TWO TYPES OF

HEARING PROTECTORS.
- uff_ _rOctica]lyby d eJinifion"are unc°m"

or thiscomparison we have chosen two pro|eclats fion n_ --_ , , __,,.. ^__i,._e,Moreover,
_,tb, wLdeJvdiffer ng characleris"cs. One Is o.. }ortablee_O_eairr'_irg_noY_iee_ug_;,_n 'a i ',he speech ,

frequencies, t 1erewould be a lendency to take;s_pet' muffWilh high atlenuolion, padic_larly in becaus
e ow frequency range, them off du_ ng conversations,_neral down plugs ({ g 5 hove none

th The o her is o e inserl |ype. Fo[ conve_- As the mJ..... -'_ ,-, 'suner ' muffs,
• -- - _.... sed Ihe attenualion data roJu

_/eeaT_owne_ rplUg, whi_hleiSc_eneraUyac" °Hhe inhe_ren''d'saav__:LuX,:'_ina u"sedi°r |he
there severy cnonce_l _)'_,, -z- -._ ...... .ion

cepled as a com{ortoble pr . ent r_ exposure flm,e./,tlelr nom_na_,_i_v,_
,Thee,ec|ive p,o_ecfion cu ryes jot Ihe respec" va ue. woulc__henoe It_esame_°_ '_'__ ienu_o n

eshownlnfi s4and5 protedion _iven mprC_Cce,_.,,,
bye protectors,ar .... L_, _.ho ._ net' muffs hi h.-frequency componen s of he noise,

Weseelrom'_.g,,'_,_u:"_'_SnU_seexDosure , oilhe g," - .__...;,,_,_uenciesisiin'filed. Bul

emove_ lot 1u 7ooH_,_ ,,_ - ' e later, nlnn uuuu_were,!o be r ..... li0n would be no more than True, penarmRnce a,l)u,T_".'_.afion at ow ke-
thee_eCl_vep_u,=_- . ._ r,_,eisevervreason aswe.wdlse ,, .j_,_,,_he,suoer, mu{{s,,,4so_[
10dB at all trequencles. ,_,n_ '_]_e, ved-i;eauenlly uencles"'_s auoru=u..,,_,.- . _'. s
IOassume thal they wou!a ue "_",',_ ,._,,. stSnua- _oubfful va}ue in placgcC_lno_ses_tuallan '
and for long periOdS,ToDeem wlln, n_u- a
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'SUPER'MUFFS MINERALDOWN PLUGS
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•Theallenualionvaluesfor bothprotectors where:
are astestedby KarolinskaInstituterinStock- ALe -- Iheeffectiveproteclion
holm,the upperlimitof theIo_;erquartilebeing ,*'L = thenominalattenualionofthehearing
takenasthenominalottenuaJIon, protector

, • .... Theformulausedto obtainthe frequency- tr = exposuredurotionwithouthearingprotector
dependenteffectiveprotectionin relationto the t_ = exposuredurationwithheatingprotector
time wornisasfollows: T = tl + t2= totalduralionolnoiseexposure.
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THE PRACTICAL
NOISE SITUATION.

Frequencyspectra (distrfbutianof soundenergy II isthereforesafeto assumelhat lheyarealso
wilh regard to frequency}van/greo_y n industry. _ypicalfor otherindustrializedcountries.
Consequentlythe protectionprovidedby ag ven The firsl lhlngwe see from a studyof lhese
prolectorwill alsovary. spectrais that_hevast ma or ty representsound lo-

In fig. 6 theA-weighJed_oundleves o 1OO velsbelow 100dBA). Also clear is ha_ heh gh
noisespeclra have beenplottedagainst thed ffer- soundJeveJsapplypredominantlywhere the
encebetween their C-weighted andA-we ghled LC-LAvalueindicatespowerful high frequency
soundlevels (Lc-LA .Thegreater thedi terence, components.

lhe morepowerfu the bw-frequency components ofthetwo _ypesof protector figs 4 and 5 in Ihe
and viceversa. The nextstage isIo evaluatethe performance

Thespectra are thosese actedby heNa|io- contextof the 100typ cal spectra.
hal Institutefor Occupational Safelyand Heallh
INIOSH) as being typicat for indusfn/inthe USA.

/
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100 A-WEIGHTED NIOSH SPECTRA
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THE POTENTIAL DANGERS
OFOVERPROTECTION.

Figures7 and8 show the [niluenceof wearing lime on w benullified ifthe mineral down plugsare

on the performanceof hearingproleclors inpracli- worn as littleas -3% more of the fatalexposure

colnoisesituations,Thecurveswere arrived,atby lime. Andas veryhighattenuation andcomfortap-
calcua ing the percentageof lhe 100NIOSH pear to be ncompatiblecharacteristicsin hearing
specra reduced o an I.eqbelow the riskcriteriaof protectors,the cl'_ancesera that the mineraldown

" I 85and 90 dB(A}respec velyby lhe wearingof pugs wouldbe wornconsiderably longer thanthe
hearingprotectorsfordifferenl Iraclions c.flhe super muffsand therebygive betler overa pro-
exposuretime.The redcurverepresenlsIhe lection,
'suaer' muffsand the bluecurve the mineraldown Theimplicationof this clear: Ihe useorpro-
ea_'pugs seefigs 4 and 5). leclorswilh higherattenuationthan necessary

From hediagram we see thai inpraclicelhe involvesaserioushearingdamage risk.
benefitof lhe super'_'nuffshighnominal attenua-
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CONCLUSIONS.
As shown by Robinsonin 1968the riskof occu- greeter proportionof theexposureduralion.
pational deafnesscan be predicted fromthe Iotal A recentcomparative investigationo hear-
A-weighted noisedose receivedby the exposed ing proreclorscarriedout by the Universityo Lurid
person.Clearly,lhen,theeffectivenessof a hear- ino largeSwedishshipyardprovidesstals ca
ing prolector is governedbyitsability1oreduce suppedfor ourcontention,TheresultsJndicatethat
A-weighted noisedose ratherthan instcmlcmeous Jheworkerswho wear protectorswithrelatively
soundbveL high a tenua Ion (earmuffsfittedtohelmetsI have

We hopewe hove.beenable to show that generallymoreseverehearingimpairmentthan
thisobflityis dependenton theextent_owhich the those who use more comfortable earplugs with
hearln_protector iswornduringa noiseexposure. 10.-15dB lessnominalattenuation.
Ifa higTI-altenuatianproteclor s no worn for he ThestudyconcludesIhat thisparadoxical
full duration of a noiseexposure,thesamedegree situationarisesfromthefact Ihat the highattenu-
of protection orgreatermay beobtainedwith a a/ion prolectorsareoften removedduringa no_se
protectorwhich affordslessnominalaltenuotion exposure.
provided i iscomfortableenoughtobeworn or a
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