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INTRODUCTION

Thepncdoeafnnisemeammemmdassessmmtofiuimpaauponfiehdividualhas, in
largepan, evolvedinpamllelwhhdnedominan! workmehnologies and practices of the day.
mommmaiminefiecdvemessmentuimmdmndndshisnwessarymmkeinm
Wemgmlmisemvhmmmts.Anindicafinanwnoisefomsmdmvhmmenm
hawdevdopedwmbesemhmediminshedcapadtyofuifingmbeaimiaandpmcfices
to account for an increasing number of instances of apparently anomalous noise annoyance
complaim. Mmofmisemnoymoewfllmunmngmwingmberofinstances
whaemeimpauofmemiseuceedsflmpmdiuethispapamnsidushowwchagap
Wmmmmmmmwmmmmmmnmmm
MWFMumcyNoiseajmmmmymmtfisgmmoblem. Inordenoaddress
thisgenaalproblemhisneaesarymthetypeofpufommdemandsmmcumm
tnchnogieslmvemflibutedmwudsdefininglhewmkplane. Hmva-thiflbenrguedum
ammormismmfmmmmsmmmpmwdem

- basisfiumwhichamoymerespomwfllbeexpaimdwiminamgeofworkmdhome
ammunmmfifyingmemgeofvuinblesacdvewminmhnoisemvhonmenmm
pmventobeawnfinualchaflmge,bmmaywdlwmemdstefiecfivemethod of

BACKGROUND'

mWofNoiseCdmiazwyofmeWorkEnmm
Omnwmyuspeaofmeimmofwotkmlogiesmmcficumnoimassessmem
mMMmMmmmmmuumemmch
Wmmmme. finditionally,th:semmpmtxhavebemlikelywinduce
heatinglossmflzerflunmnoymeammhflmdfimn, 1973)beingcharacteristicof
heavyindnsu-ym lQ94).methese_smdiescamcaninueasedundamndingofthe
Wfisksofheafinglosmndumeuchmfimedayutadafinifionoffllespecific
mwmmmmmmmwmfiw
Wmmmqmammmmmotm hearing
nglfiddinescapableofmmmodafingdifluuuwmeleveband
dmfionmdbywmbiningmeamedheafinglwflhsanifivflynomsforagedepmdem
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presbyawsis it has been possible to predict likely consequences of noise exposure and to alter
work practices accordingly. Formal application of these guidelines and relationships can be
found in standardised criteria, including specific recommended dBA levels and general
statements arch as the 3-dB rule incorporated in the ISO 1999 (1990).

Changing Priorities
Improvingthe noun-any and the relevance of noise criteria in terms of the latest generation
of technology related noise environments has meant a continual need to quantify predominant
noisenntltask feannes. Forexample, criteriaand scales for speech intelligibility bavebeea
produced and consistently revised as the components within the noise/speech intelligibility
interaction have beenelaborated (Kryter. 1962, Lanrus, 1994). Specific A—weighted sound
pressure levels (SPL's) am now be recommded for particular environments as well as

the basis for intelligibility curves. For example, under outdoor conditions at a
distance of 1 metre, relaxed conversation can be conducted at approximately 54-56 dBA
(Kryta‘,l970) while [so 9921 states that 100% intelligibility will occur when the speech level
exceeds the noise level by l5-18 dBA.

TransportatimNoise (mafia: Quality of Living Envirme
MajOr alvimnmental changes have been associated with industrial and technological
developnmtsandmemajmareadmhasdvdopedmrmpmsemmwedemmdsofcbange
hasbemthatofuanspomtinn, withmecorrespondingimpactnponindividualsliving
environment. The resnlts ofa recent World Health Organimion study into the effects of
community noise (BerglundtkIJndvaIL 1995) foundthat25% ofdteBtuopeanpopulation
wasudemmspMnnisewufidBA(mava-ageenugyeqruvalentmcnnfinnousA—
wdgbtedsoundpresstneleveloverflhomsfllambertclvfllet, l994)andthata.lthoughthis
figurevmicdbetweenandwimineounniesitwasestimatedthatZO-255 ofpeopleintlte
cmmniesofGratBriuthmnee,Ga-manyandmeNethuhndswonexpaiuceuaflic
Manamisemoyancewflhw%ofEUresidmtsbdngamomdwmghtlevdsexeeedmg
SSdBLAquhwefigmsmconcunedpflmmflywimmnafficmisealthmghairnnffic
ispredictedtogmwbySO-NS intheU.K. (Large&House, 1989). 'l‘beeffectofmnch
marchinmflteimpadofnalficnoisehasbemmpmvideambofifieswimmahodsm ‘
mtgmmmemmyamenfingsdaivedfiomleqmes.MmMMS'pmalfies’finked f
topartieularacnusticfeannes.

compomtswhicheonnibutewelevewdamoymcemmbaamhamed,ingenaal,the
efiecfivmessofnoiseuitaiampmflddegmwfiofnoisemwithmmecnmunity.
Tbiseanbeseenbytheanmtionnewpaidtovariablmmchas;high-frequencyhearing,

i
lthuoflybemfirwghmeabflityofmeamhmpmweandidenfifymosedivaseaemuic
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Impulsive noise, dnrntionlintensity interactions and ototoxic drugs (Collins. 1988).
'lherapidgrowthinmechinery launchedindividualsintoworkingwithnewnniseformsand
the parammt need for hating protection has gradually evolved into hearing protection
criteria that impose a form of behavioural manageability upon the work environment.

Speech Intelligibility
The studies directed towards criteria for work place verbal communication have beenable to
takeaoeountofspeechpmcessingrequirements aspartoftheacouaicenvironmentinsuch
ammerthatcriterinmnotonly sensitivetomasldnglevelshutalsotofeahnessuchu;
Indoors/outdoors. familiarity of content. content complexity, speech late and listener anenu'on
span(l(ryter, l970).1heapproachhasngainbeentnsmdythefinedetailofthecomponent
parts of the acoustic interaction (stimulus/background) in order to deliver a degree of control
over the environment thereby promoting the desired behaviour.

TrenspomtionNoise
Thechallengeposedbynnnspomtionnoisetoassessmenteriterinisoneofcontinualclunge.
Consequ‘rmly, mutter-train have evolvedtolnkeintoaecountsuch variables as; engine
sin,mdsurfaeetype,meed,timeofdayefi'ectsmdmagnimdeoffluctuafioninSPL.
Indeed ifflleprediction from the OECD (I991) is accurate then “regrowth ingeographical
dispafimofmisesomoes,haea§ngspreadofmheexpoaneovwdmemdmeexpanding
nseofpowafidnoisesomeswfllensuretheneedforafimhermundofreviewnnd
adjustment.

laudan Model: Annoyanceisaformofbamage
'lhecapadtyfornoiseoonwl and assesSment practices 'to maintain effectiveness daives
largelyfiumtheabifltyofthe intensityledmodelofnoiseannoynncetoeiqilninheaflng
dmge,disunbaneemdmmymeeefimexpuiencedbyindivimrabexposedmamgeof

Itseemsthat'whacloudnessisaclearfeahne,ifnotsole
Wofmehdifidud'sreeponse,noisecfituinhavemawnhmemoawidespread
m.mmmmmmmMmmaA,mmexpmmm
methodsdesiguedtonplicitly mlateindividual’s hearingsensitivity (poplflation norm) to
noiselmpaaAsdreahovesecfiomhavemmpmdmshow,meanflysismdehbonfimof
mevuinblesassodmdwkhspedficfeahnesofhdifidud'shehafiowalresponsesm
diflaunnoisefmmsandalfimnmmhnvemfleduponmisfimdanmnlappmech.Nmely
midentifythedominantfeamreofmenoiseenvimnment,gnugethenahneofitsimpaetand
menseektncuntrol thxtimpact by reducing ewowre duration and/or SPL. However, as
mymchashavemmd,tbemeasuementofmnoyweeresponsesbasedupondBA
mahesflreesumpflmthmmeloudness-anmyancerdafionshipmyassumeanequafly
weighted conuibution fromacmssthenoise spectrum, the [audits-annoyance model is
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simply not sufficient, (Kroner & Leventhail, 1983, Petssnn et al, 1985).
There has been a growing recognition that hwwledge of the physical ’eompleaenm' or
'soundchamcter' ofnoisecanmarkoutthetypeand magnimdenfsuhjeetivemelikely
to own- (Bentan. 1991). For example measures of SPL dBA may be augmented by
Incorporating assessment of features such as; tonal quality, impulsivity, andspecuum shape
as well as by using comparative measures with dBC.

Thepragmaficview ofannoyancebeingthatifnnaisecanbedeteaedthmwithevezy
inaementinloudnessthaewomdbeagreamfikefihoodofinueasedMamageMingloss),
speech disruption (intelligibility) and annoyance (reduction in quality of In brief,
whendienuditoiy mechanismsmoverloaned, damage mayooclninasimflarmnerto
when some loud sounds overload individuals tolerance when the hearing salsil‘ivity (times
would provide a bench mark of likely -

Howevu,weareincreas'ngly becoming awarethattolmncetonoisemustusuaflymkeplaee
whhinmemntenofwmpenngdemndsmdmatindifidualsmahlewimpose'mlmoe'
nponnoiseinawaythatishothflexibleand responsivenazvhonmmmlflskdemandsJ‘his
flexihflityofrespmsewfllheundqpinnedhyamgeofsmsmy/wgtifivemeoding
promdsignedtopmmotethcahflitymopmteamamngeofmvimnmaml
mndifionsmdadifiainghvdsofdismcdm.hmflawachievemisflmdbflhythesym
isoqnippedwdfipowufidsugwy/wgnifivepomesmflflisfldfislevdthmasepmme
viewot‘annoyanee,panicularlyielevanttoLN,maybeuploredJ‘hesensifivityofm
individualmnyhetehtedmafaflmofthesepmesses,mdmthesepmoemesare
wisely/cognitive the psychophysicai atn-ihuti: of a noise will play a major part in
detammmgmeukdyrqnnseloudnesswiumesmtmmflmmnnddepmdmgmthe
wanflprmessingdemnndsufiumnnibmmammlefia‘degnemfltefmmfimof
mmoymeeresponse.Fmexnmple,intheabovecasesofheatmgdamgemdspeech
inmeuigibflity.reduoedloudnessshmfldleadtoteduoeddamagemdimpmved
perception/Won respectively. However, what happenwhat SPL'sofspecific fiequmcies
oomhinemchaflengeindividunls'flenbflhy’inwchnmannulhnmovaimdofthe
msoryloognifivesyaemmnlm. hutlheacmistie loadinglemainslow‘l

low Frequency Annoyance: Failtn'e to Control
InwhntwaynndhowisLFNdifierenttnuflia-typeofenvimnmmnoiee? Theefi‘ectsof
LFNueparfimlmlypmhlemafieduewmefideqneadincideneeofUNmoeuegnk
conditioning unitsandenmpressors), combined with efficient propagation durum-isms and
assodmdmdueedcapacityofstruchnestoattenualeLFNflxvemhall, 1988).
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lthasbeensuggestedby lindbergandnaclnzmn (l988)thatLFNconhihutestoannoyance
responsesinunee_difierentways(l)mtessensafionofpxesnneinmeearmpaiodic
maskingefieasonmediummdhighfiequendes,withasuongmommfionefieamatcan
act to disturb conversation and (3) through secondary vibratory effects typically experienced
withinhomesJ'hegeuunl. theformofsympmmsrqaonednfiociatedwithLFNhnvebeen
welldocumentedandwmild, ingeneml seemtobewnsistentwiflithemgoflespmvided
by Lindberg and Backteman above. The findings summarised in a wide ranging study by
Passon-Waye(l995)gatheted finmamixnueofmeyandexperimmmlevidmoeconfirms
that LFN can lead to various negative symptoms at appamfly innoaious dBA levels
including; Task performance deteriomtion (e.g. secondary task emu-s with nanow band fc
70H: a: lid]! above individuals threshold matched to a lWHz tone). reduced wakefulness
(e.g poor vigilance with 42Hz at 70d]! SPL), and sleep disun‘bance, headaches, initiation
(e.g.with SSdB at 31H: and 60dB at 16l-lz).

CleaflylFNcanactnsasei-iousvironmentalpollutantnndmeprimaryfeamreofits
impactwmlldsecmtohethatitdoesnotneedtobepemeivedas’lwd'inorderforitto
causevnriousfotmsofannnyanoe. Moreover, mhhnsshofinthatsomeofthese
(psychophysieal) symptoms mayinaease inmngnitude withdeaeasingSPL‘s. How might
thiscmrupfimofmesmsifivitymodelundulyingamoymceuimiabeachieved? Whataxe
the feannes ofthe sum/cognitive interactions whidunark LFN mm a special category
ofpollutant.

Intrusivenecs and km of oonuullnbility.
ltissuggestedthatoneessenfinlelemtmanyindexofanoisemanmyshouldbea
meamofimenpacitytninvade’ 'a'lvironmemsandinsodoingmchangeindividuals
psthophysioalbehaviour. Inbmadtemsthefeahneofinhusinnhashemreoopisefleg.
speechhtélflgibflhywmmesumgthofwmmafimisumanydefinedmlafivemmnty
levels. Thenofimof'envhunmmt'beingmggestedhaepexmitsflmlawinmfitylevels
mypmduoesnmgmdunwantedefiembecauseoffiaeintsacfimwhiehmfltbawem

msmissihleapollumt. thegmaterthe readmntcomplexity ofiuta-avimnmmtinmlsions.
Widlamhhsmnoeofinnusimthepomfiflwdflbeaeated'fwachngeintheldndof
impmlflcelymoeanmmmicedflnmghminmmofenvmmmkdmndsand
mempadtyofLFNwMVndeindividnkmmfim.Atmygivmmomflnflleindividualwfll
bepmocmingmfmmafioninmdamminmnalopaafimswmnflmquimmmts.
Avmietyofcomplninformafionhandlingpxooessesennbletheindividualtoeopewiththe
mmfidimensionalmskofmeefingbothexpflcitandimpfichalfimnmmldemmds. ltis
powiblemdofiisbemuseinfmmafionmyheufilizedfmbofidesabfivemdhfaeufial
purposes. Fmexample,anyh1dividtmlperformingntaskwillbeprooesinginfomafion
within difiu'entmvimnments. task, psychological some, psychological dimension
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(predisposition) and context. These environments are suucnunlly dynamic (containing
numnsgndadms)mdmnkoinmcfiw.€onsequenfly,anysenmxyhflu§onisa
mmfi-dimmdnmlwmtwimassodawdmmmddymmicefiem;1hisiswhyfliesame
noisemayhaveadifierent impact uponanindividual at any given moment. Inordcr for the
mnmwmwmmmmnkmmrmmmmemmmymmm
mlxfiveanmflamwhiahpamimfiwidmfifimduhmhfimitymspmseahocessing
ofinformationwilloocuratdifferentoogfitivelevelsandinotdcrtomuimisepmcessing
definition (e.g. featm mommy), non redundant will be given priority
ovaredundammtaintheboundarybetwemtheredundnmmdnmredmdmtmtaial
isconfinuauymnimred.ThemannerinwhichmamalisorgmisedisuncleaI-,butitseems
Mlheredundammatniflisheldmsomfnrmofmuamdmte,whichisrewon§vem
magmtnwdswhflenmmmhguponseleaedpdofifiesJflsabflitymamummW
maybetheprecmsortohabinnfion, whichisnpowerful sensory/cognitive tool designedto
pmmiimitcddiremdanentionspacefiom incumions from low priority information.

Connol:SoundChnmcter
WhmIFNisofequainudncssmoma-noisesitmndsmbenmdasmomanmyingm
undlgvmihalLI985).Thisggests,thxtforsnmereason,mesmmdchmctnrofLFNis
foundbyindividualsmbemorediffiaflttnignmeortoamm.Failedanmuafionwould
ieadmnnducfionmmnahflhymwnuolmeimpactumaaimulusmigmhavewhfleit
mmflsolmdmmemofdishnbimafimJtisweudowmmdflmindividuals
mfiuingfinmLFNmmymoedesmibemcnoiseas(l)onmipman,aflmund,a)mnnm
beignnredG)womeindoms(4)cannmlocateitand(5)mnedintoiLItislikelythatsuch
complainisareindicafiveofafaflhgindiesensory/cognifivepmcesstohnbimatetoflle
signal.

Behavimnnl Control: Someemnples (Demon, 1994)
Undawchmdifiomwmplainmmysodxmimpounbehnfimnfloonmlmnmemise
hyusingmepsychophysicalhfmmfimwhichappeammbelwflable.Auemmwlowe
membemmhhibimdwmmhadshadowm,whichmemfinmfomsm
mdividnfl’smfimuponmennise.WNlenyingmredueememmd'smmnessbydodng
domsmdwindowswiflmnhdmnoisewmseasamsukofthepmpagafimdmnflmisfics
ofLFNnndtlIelow—pasfihu-ingefiectofmemme. Moreover. maskingofflleumis
madediffimlthydmnsymmeuicnamofmefrequmy
mambewmedenmflisndmdmionsnsmmmsmwnmlmemisefaflmdmeomy
wfowsmenoisewithhmeindividnalauenfionspmJtesimfimmnybewmeevmmbm
anxiaypmwflngfwindividmkifalowmdlowfiequmcynoisekmbjecmdwmmm
odeA.
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Conclusion
The progress and success of noise assessment criteria have been based upon an approach that

hasbeenpreparedtoreexamineestahlishedpractice inordertoaddressemergingneeds. The

environment within which noise assessment has been characterised by a range of industrial

and technology driven priorities. It is suggested that LFN may represent an important part

of the emu-ging community noise priorities which are increasingly concerned with annoyance

lures relating to quality of living.
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