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There canbenodoubtthalnoisei'amajor
problem in our communiti cs today. Adria n
Davis, of the MRC Institute for Hearing

Research, has estima ted that in Brit ain
arou Ddl5 peteen tofthepopulation has
SOme degrec of hearing loss amI, whil e
muc h of that may be attributed to aging,
certainly some significan t fraction is due

to noise expos ure. The 7th Inlcrruttio"" l
Congr~...s on Noise "" a Publio;:Heahh
Proble m, being held ill Sydney in Oct ober.

willbri ng together mtemationalexpen s
on many aspects of the probl ems which

noise brings 10 mo dern li fe and the
Auslralian Acoustical Society is proud to
have been a supporter o f this event. It is
app ropriate that we sho uld have

participa ted, for one of the roles of this
So<::ietyis to promote awarene ss of the
hannful effecls o f noise and to enwurage
resea n:h into me1hod~ of measu ring ,
reduci ng and alleviating its effects.

Australia is a sign ifican t player in this
research. We have a nwnber of people
working On various aspects of noise: illl
physica l, biological and psycholog ical
effeCls, its control in the env ironrnent , the

measurement and prevention of hea ring
loss and the basic pbysiology of hearing
A~d it is importan l that WC continue such
work, for, whi le ,orne may argue that Other
<.:ountrieswill do the work ifwe don't , I
argue that it is essenriaf that we d~ our
share,Apanfromthedirect respo nsibil ity
of pullin g our weigh t in the new
' globalised commu nity ' , we gain direct

b<.nefits from part icipating. We need a
pool of expertise in this country, a gro up
of peoplewho arewell 'l\\~reof lhe l atest

developments and who understand the
implica tions and significance of the
biologicaleffectsofnoise,inorderthal""'"
may lead the nation in implementing nC'"

policy and adopting new practices.

Acoustic s Austral ia is encouraging such

research in th is specia l issue, by letting

individual Australian researcl>ers explain

what they are doing and what impact their

work might have in the futu re. I

congratu late the Ed itorial Committee for

their initiative in pUlling togetbersuch an

issue and I urge all memb<.rs of the

Australian Acoustical Societ y to Wllport

Aust ralian reseateh by us ing every

opportu nity to poinl out to tbe public and

to po liticians just how Ihis research

b<.nefitsour country.

I also congratulate Dr Norman Cart er,

ch air of t he Congres s "'lt ani,i ng

committee , for h is splend id achievemen t

in bringing Ihe Congress to Australia and

for his skill in managing such a complex

projm

Noise of all sons - defined quite gencrally
as unwan ted infonn ation - is becoming
increasi ngly a fact of life. Fortunatclywe
can ski p advert isemellt pages in the
newspapers. tum off the IClevision, at>d
refuse to "surf thc net." But it is much

more difficult 10 avoid the noise of the
neighbours ' stereo system , thc roar of

overflying aiteraft, or Ihe relent less
poundi ng of machinery in our workplac es
In a manne r that people in other fields

might conside r parochia l, we defloe noise

torncan acoustic noise , and concentrate
allention on this!

Mostoftheeffects ofnoise,fromourpoint
of view,are broadJyspeaking"biological,~

and we devote this Specia l Issue of our
journal to the Biological EffeclS of Noise ,
in reo;:ognition of the importan t ICBEN

mccl ing, Noise Effects 98, to be held in
Sydney in a few months ' time

Within the area of biology, we can
reo;:ogni,ecertainquitedistincttypes of

problem sassocialed with noisc, Thefirst

Acousucs Austra lia

class might be ca lled ph ysiological,

bccausethey produc e effeo;:tsthat Can be
readily measur ed and rclatedtochanges

in tbe bod ics of the humans Or anima ls

involved . Some of these cha nges are

directly anato mical , such as the damag ing

cffe ct o f connnued extreme noi se

exposure on the outer hair cells o f the

cochle a, lead ing to impai red hear ing .

Some are indirect, like the complex

neurophysiological mechanism s thatcall.'<C

rai,ed blood prcs surc. ln eithercase,

bowever, those studying the problem have

some hope of tracking down the physica l

chain of events and quantifying them .

Another class of problems belongs to the

rteld of the socia l sciences. Noise causes

sleep disturbance and irritab ility,andthesc

in turn lead to problems in family and work

relationships. The psychol ogical factors

involved are much more d ifficuh 10 isolate ,

and the chain between caus e and effect is

much more individ ual.

Understanding what happen, 10 humans ,
and inde ed other animals, exposed to
excessive lI{lise levels is, however, only the

rust part of the probl em. Much more
difficult is to decide ",nat can realisti cally
be done abouti l. Here the clash is between
science and economics , and therefore
be"''''en science and politics.lgnoring lhe
effeo;:ts of noisc is certainly the easy and
cheap way to go in the soort term, as we

disco ver whe n we vis it some of our
develop ing neighbour OOWltries, but in Ihe
longrun this is no longer true. when we
consider the socia l and personal costs for
thc country as a whole, then the reduction
of noise should be a national economic
prion ty.

This issue has 'spac<:to touch upon only a
few of these matters, and some of them
will b<.taken up in subseq ucnt issues. We
hope that it will sharpenyour appetite for
mOre.

Neville Ffd c!U'r
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COMM UNITY REACTION TO NOISE
R. F. Soames Job & Juli e Hatfield
Dc-par1mfll lof Psych" IOC
Vnlwnilyo fSy dnt y
Sydn.-yI'\;S\\' 2006

AI:ISTRACf , Communi!)' fC'aClioo to DOiseis an importanl dfecl or noise exposure ,..hieb may lwm heahh. Amclioraliooofconununiry
l'Ul'Iion fC<luireothaI ,. be undemood. weolfer m<1hodological m;ommendalions in order to iml'fO"<"IlIo:". M ity and rel iabili ty of lbc:
reactiondata upon which \hi, undc'M8l1dingis bast'd . Evidence; s presented 10indicate that ruction ;, influenced by fulumof~ rt'roon
h...nng !he:nmse and the situaiiOflin which the noise is Mar d, as ....,n as f"atures Dr the no;", i•..,If. Consisten1 with ,hi. claim , lilt'
ft' l arion.hi pbffir,'ttfInoiscand",,~;.found tobestrongerwhenbasedongroupedratherthanindivMlualdata.Givmthecriric.1

influroce ofhurnan radon (incl uding ","ychological variables ) on whether a sound is pe=ivcd .. n<Mlle, and on the:react ion ,\ produces.
....en'i".thaldcvelopmeDlOfsolulion.,0lhcnoi"'problem.houldllOIbe rocused.,dusi~lyonnoi..,abalC'1l'1tDlmeasurn. Psychological
al'1'roacheslo""er(;o mi"llll>c:noi.., problem,as_Uas i.. ucs forfulu""researcb are .u~ed.

I . INTRODUCT IOr"i
The global trends towards larger cit ies and reduced
proportion svfpopulatiolls living ill rural setti ngs have
conce ntrated peuplc in more noisy areas. At the sam e time ,
industn ahsatio n and transport mechanisation have crea ted
substantial increases in noise product ion, The conflue nce of
th ese factors has resu lte d in a subs tantially inc reased
pro port ion of the popu lation being exposed to noise from
outside SVUTCCS while ill or around the ir homes. The noise
may arise from tra nspo rtation (motor traffic , aircraft, train s,
boat s), factvri es, eonstru~t ion, milling, power pla nts or
electric al tran smission line s, wind tu rbines, mus ic or
television, air-conditi onin g units , or neighbou rs and their pets .

Pecple may have a rnnge ofrcaetion s to thi s no ise,
amongst them dissatisfaet ion, ann oyance,angcr, frustrat ion,
disa ppointm ent, and/or distress [ I]. Th ese responses to noise
are generally known as rc mmuniry reacti on, Co mmun ity

reaction is impona nt for three reaso ns. f irst, it is one of the
undisp utcd effects ofnoisegenerally,andisollCofthetwo

undisputed effects of resident ial noise in parncular uhc oibe r
bci ngs lecp dis turbance[2,3,4]J. Se-cond, it is in its own righ t

a sign ificant factor in hum an qua lity oflifc and hca hh . People
who have the ir daily activities (eg. co nversation , listen ing to

music, watching telC"ision , reading, slccpi ng ) dis turbed, and
who are dissa tisfi ed and anrlOyCd, c1carly have reduced qua lity
of life. Thus, ~ommunity react ion constitutes a negat ive
hea lth fact or wi th in the World Healt h Or]lan isat ion' s

definitionofhealth (aswcll·hcing,notjust thea~eof

disease). Th ird, community reacl ion rnay con lribute lo olhcr

putative effec ts of noise suc h a.~ eleva ted blood pressure lSI
and mental health problems such as anxiety and dcprc-ssiun
[6,7). IndttdllC\'cra l studie s hav"C iden tifledreaction tonoise
as a better predictor of severa l noise-related hea lth effects than
is noise exposure itsc lf (eg. anti hypertensr."Ctrea tment (8]:
psychosocial well-be ing 191: [\('rvOIn stomach [10 1: and
genera l hca lth mtin!:s [11.12 ]), Mile thc!IC studies wm:
observational and so de 1101 providcoompellina eviden ce fOl'
causa lity, no ise. via the reactionsit gC1'loel1tn, remains the

sccosscs AUslfst is

mostlikcly cau sal agcn t (forrcvicwsee [4J)

This paper reviews sccio -acocstic studies of comm unity
react ion toooise. foc ussillg on lhcmea.sun:mcrtt of rca<,:tio rt to
noise, and noise-, person- and ~ituatiOll-relatcd fa~t'>t1I whic h
influen ce reaction. Unreso lvcd issuCl;arei<Jentifi cd for futu re
research

2. TH E MEASUREMl<:NT 0 .. REACTION
Th e mea surem en t of co mmunity reaction inevitahly relics
upon subjec tive report . Residents must tellus abo ut the ir
reaction s. This methodology has di ffi cultie~, includ ing the
possibility of inaccurate or incom plete recall. as well as
respunse bia >ICs. However, since most scclo-accusucsurveys
refe r ttl the recent past, mcmuf)' is unlikely to present a
prohlem. Psychologica l dllla sugges ts that people so not lie in
surve}'1l[ IJ ]. funher, whilst pev ple may be motivated to give
inaocurate reports ofthcir reac tion, this ",a y be minimised
with ap propr iate qucs tiun nai re cClnstrllctio n (<:g. sec point J
be low), and by stre ssing the impor tance of acc uracy tv
respo nde nts, Many response biases ca n bc also contro lled

with considere d questionnaire construction. The quali ty of
the da ta co llected in studies ofcomnt uniry reaction may be
impmv ed through a num ber of specific met hodol vgical
rcfiTII'IDCnts:

I. Ensuring random sampling of house holds and of residen ts
within lIouscllolds, to provi de an un biased samp lc.

2. Minimising refusa l ratcthroughthcuscofexpericnccd
interviewers 1141 and payment of ince ntiv es fo r
pani eipa tionI 15. 16]

3. ~01l"CVcali ng the focusof thesurveyonrca~tionslOnoise

until at lea.~l one critica l rea~'1ionque>;tion has been asked
hidden amon g questions on other aspc<,:ts of the
neighbo urllood I17 ,18,19,2 0].

4. UsingSC'llCTaIquestions to assess react ion, rather than a
singlc question, in order to improve rcliability (14,2 1,22j.
Wben several questions are used the mea.~urc is not as
suscept ible to rando m fluctua lions in response artd is thus
morereliabl e

Vol 26 (1998) No. 2 - 35



S. Employing the~lqueslionsfor a \'lli id aoo rc l iabic

measure of reaction, Reacti on 10 noise has typica lly been
lIlI~in lermsof~annoyance-, lI~r, thercare

many pussiblc reactions to noise besid6annoyance : for
exa mple , anxiety, distract io n, ex haustion, ange r,
fru>tralwn , disappoi ntmenl and fear. Empirical dala
indicate that cverau reactio n to noise ili caplurcd better by

a general scale of' reaction (involving quesrions such as
"bo w much are youaffectcd by [noise]"end "ra te your
dissatisfaction ....ith [noise),,) then by simple annoyance
measurcsl23,I ). Thus, these general question s appear to
be more valid meas ures ot reac non. Thc y have also been
shown to be morcrcliable both with respect to internal
consistency and stability Intem al Clmsislency refers lo the
extent to which the questions within one measure tap the
same underlyi ng variable; responses 10 general react ion
questions have been shown 10 be more consistent with
each other tban an: responses to annoyance quesliolL~ (for
review sce [24)). Slabih ty (ortest·retesl reliabi!ity) refen
to the extent to which quesl ions lap thesamevariable from
one measurement occasion 10 the next; responses to
general reacncn questions an: mon: simi lar ecrcss time
than ~ respolL<;CSlO annoyan«: questions(24]. Th us,
socto-accusuc sur.'eys would benefit from the
measurement of genera l reacnon to noise in addit ion to
meas urement specifically of annoyanee with noise.

3, FACl'ORS WIII eH INFLUl':NCE
REACT ION

Many factors have been idenlified u influencing reaction. It
should be noted thm often these factors have only been
identified mobservano nel (usually correlational) studies,

which thus do not identify the direc tion of causa lity. t1,,"'~er,

in many instanc es some causa l eccocn ts can be e1iminalcd.
For example, because the _ ak re lationsh ip bctween gendc'r
and rea<;tioo could not ari se from the noise inn umc ing gender,
it is taken to indicate that gender innueocn rcport ed reaetwn ,
although the mechanism of such an effect is not obvious. In
other-instances, labo ratory st"dies suggest lhe causal scqucnce
\2,4) or the nature of the observa tiona l data suggest an
interpretation [25)

Features of thc noise itself which influence reaction 10
noise include : the noise energy level, with greater energy
associ aledwith greater rea<;tion[21,26);lh en umberof evcols,
with more events inn ucneing reaction above and beyondtotal
noise energyexposure [27,2H); the frequency distribution of
the noise, with lower frequency leadingtn more reaetron (29);
tona lity, with rncre pure tonc components causing more
reaction [2J; impulsiviry, with rnnre impulsive noise causing
considerably more reaet ion(an effect equal to 2o-30dB (28J);
changes in noise o pm ure, which yield the exagger ated
changes of greatly reduced reaction when the noise exposure
drops andover·reacl ion when lhe noise exposure increases
[30 ,31).

Features of the pcrwn hcaring the noise also inl1uCTICC
reactio n: more rocgative anitud es to the noise source are
assoc iated Wilh more reaction (2,21J; more noise sensitive
residents show more reaction [2,21); those who O'l.TI their own
home show perhaps slillhtly more reaction (21]; expectations
of the level of future noise influence reaction . with those
expecting an incrcase in noise showing more reaction (32)
Per sonality influences reaction [2] often in a manner
consi stent with the heallh risks of differenl perwnality types
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bein g related to stressful reactions to nuise [33J; and, finally,
kn owl edge and be liefs re8m1inglhe health elf ec\li of' ooise
ma y innuel\oCc reaction [J41.

The ci rcu mstan ce in whic h the noi llC is heard 1150
influences reaction , with tTlO": ruction occwrieg if the noise
ill experienced:frtllll 1 noi 'lC.o urte wh ich i. visible from the
residence, d urin. a quid le twiry wh ich rcquirn concmtntion
12.,18J, {lI" I t n ighl (35).

4. CO RRE I.ATJO:\'S
A.ooutline~.reaclionlO noiscil inn..,nccdbylnumber

offeaturClofthe indlvidual heari ngtbenoillC. Tbll l, l'eIC1ion
,"lgi\nJc,.'ClofooillCcx~oouklbecxpectedtovary

from penon 10 per5OII, and COI"nlaliOfls between noi!IC
C-<pllSU te and rcldinn arc kl'I'O wbeo lbey arc baiCd 011

indrvidualdata. 1I~. nntsc and rcxtlOO may be~

acTOH IndMduaIs .., thm lroupi (Ill)', acmu indIVldua ls living
ina~lararnlmordcrtol'CllX"''Ctbeeffect:JofindMdual

d lftC'm'lCn before the ~bhnns arc aucued (using the
grouped ~), A eomiden.bIy higher _iatKltt ~ff!I
noiseC1pn5llf'CandftOiwrc.ctionrouldlhenbenpected (21).
\\ e tonductc4 an cx~siw~ of the rclevan h1cntllt'C.
5cleaed studies .. hi<:h f't'POI1ed'nnisc--rcxtinn COITClalinft.
idcn liflCd .. 1Iethcreacbeorrclation ..;as bu.cd 0ll indtvidu.alor
pouped dIt&, thm eak\lllllcd the ~l:e COI'RIannn for
iDdtviduaIand forJrouped data I_ Tabk II. Th:~

DOiSlC-lnCtiOl1 COI'Rbtinll is~ ",'hen baed on poupnt
taIhcTdwI indmdual dati. 1~, i1: ~ld be notcd tNl

on~enl:ennisecr.pnwn still aa:ounts foronly 65.6%o(thc
~ in oonwnunil )' n:xtion 10 1KJiK. NObelbdeu,1Im
pcICCfIl&gc 'M>Uldbe a rJlght lIIlderntimation dllC 10 errorsof
~ (in boIh IIOiscnpwun and n:ac11On ) and the
assumption of,linear rclaTinnshlp~ the ,wiabIn in I

cnrnLatinn ~te the reportocd doiIe-mIJIOO.'lC curva heinl
eurvihncar l26) .

5. THE FUTURE
Many impnttoanl!tleol'Ctiul i"",," rcl.1tllll 10 110_ reJidion
remain to be resn lVC'dand pract,cal iltllutiuns to the noise
problem ...-nich rK CIIlflioe the impnrurl(" e OfllOlK reJoCtion and
lither psye hn lntJical ~ariables n«d to be developed

For eutnple, has ee popu llltioo become IIIOf'e sens1t1ve 10

no ise wit h the " llruninl M o f DWIy other enviro nme ntal
U~, and if so bow? Of thole \'lIIiabics thou ght 10 modify
no ise rextinn. which have 'llcnui nr allll31 role, which arc
themselvCllinflu enced by react ion. and wh ich are components
of reacti on ? Il ow does penonahry aft ed reac tion, and what
implicatiotud,oe,tIUshavefor sel f·sel eet ioo ofreside nllli n
highc r noiseareas? l lr;>W isreaetinnrellt edto olherpnssiblc

healtheffccisornoise? SllChihucs~h"u1d ll"t bciilll\,red in

o ur ever increu inll focu s 00 thc inunooi atclJenefits of any
research upcndifUJe . The OOIOfy o r sden~-.: ~ho._. tha t bett er
unden;tandilll of the elact ca usa l Jeq ue lll:n involved in

llegative reacti ons to OOiK willllel!" the prnc"" (If comhatin8
iudetrimentalerreetl onpcoplc.

Thebe lid that Isik m world YrOIIld be the ideal 5Ollltioo to
the noiseprobl em ill misl:u ided , M uch ",urw,t ilnot.llnWlU1!ed.
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<lfld therefo re , by defi n ition , not no io;e, BOIh lhe p11lctieal a im

of zero so und an d the nai ve epidemiolOll.icalusc:nme nt of the
effects of sou nd in te rms of the \lo$c-rc"J'OllSC rela tion., h ips

bctw«n IOlaI sound e~fIO'Iure and elrectl (suc h ill reactio n or
health), ignon:psy.:ho.,lugica lreality MlIChsotmdisde~ired,

and isth\l.llun1ikely tobc:ltreWi rlll.~negative relC1ion, or

hannhealth .

Focu.. oo redu etinnor ehm ina tion of ROisc:mtiuio lll M .
sol ution 10 the no isc probl em ahou ld DOl prcdudc the:

de velo pme nt of oth er viilble meullres to al1rvi lte the
problem. AIICItLlItive JOllltiOtl$ lO1'Iich IN)' be fn! itfv.11y

researched or implcmenlCd inel ude : eha nging: feat~ of the
noioc othcr than iu_l1O' ln"C1 in ordcr tn rrd UC'C re.;linn ;

understanding and t'50h'ing ncptr-e reactionf,lO horne lIOi!IC
insub linn; promoting~tive anitudn towardsrck\'3II1noi!IC
SOIII'OeS;anduse ofpositivcsoundmvirotunentl.
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CONSEQUENCES OF NOISE-INDUCED
HEARING LOSS: EFFECTS OBSERVED IN
FAMILIES
William Noble
School oJ Psychnlng3'
Unl vl"nlty llf New ~:nll:' l nd

Armldal e,J"riSW 13!'i1

ABSTRACT , Th. phy.i Clll cff"" b of noi"" on hearing are well underst ood ; conseq uences lf I penona] and soc ial kvcl are DOlJOtvidenlly
appm:ia led. Noise-indU<.~ hcarin Gloss may he . specially assoc iated ",i\h the pheoom ma of, I) rd uct:mee on ee panof tl>ep<"ROIl",'it!l
the injury to a<:k.nowledge hearinll di, al>ililiea, and 2) mi. inlCTf'l'Cl."lion in I"': family of the dfeclSlIr hcari"8los~ These may be ..... in
Iwn Ill, I ) fear of di"",riminal ion al .....".k., and 2) lack of anti cipated hearing probl em. aI home . The impac'lo f hearinl injury .. _hin 1M
famiIY ' Y'lcm ta1co lhe furmof ballk.. O'VCrLh<:lcvclofthe TV, restricted social hve5, and Ios5 0f inlimacy "';lhi n ~ relalion-,hip

Par!nen 'adjustmento tutbc clfte l, of lll:lII'ingl"""ufT= d by a ,,'orking·agc ,poU!iCvary from acriooto llO:hiC\<C di_from orlO
minimise app;orcnl prob lcll\ll.,Of 10 pro tect the ,~use in contexts of communicalion diffi culty.

I. I :'IiT HOn UCTlOI'i
The ecese queeces for the sense of bearing that arise from
different amounts o f exposure 10 excr:ui ve noise are wd l
established and well known. Among several surveys, tha t by
BWTIS and Robinson (1970) rernaius a standard work of
referenceonrelatiollli bern.:enuoise d<>ses encountcred in
different occupational settings and resulling damage to the
auditory md-organ,as ref lectedin the mcreased thresboldfor
detc<.1ion of !Olles at different audio-frl'quencies

Also ....dl established, and reasonably well known , arc me
eoescquceces ofe-'en low IC"o'Cls of such injury for related
audilory functions, such as specch bc:aring in noise (l.ulman &
Robinson, 1992 ; Sutcr, 1978) and the dctecticn docalizarion of
meaningful environmental signals (Hetu, Getty & Quoc,
1995), Finally, il is evident that ooise-induced hearing loss
gives rise to personally c~pcrienceddisabi litiesandhandicaps,

as revealed through the application of self·as.sessmenlscalcs
(Noble,197 8).

The consequence s of noise-induced hearing loss lhal seem
lo be jess wen appreciated are to do with the family lives of
pcoplc whose hearing is affected by this aspect of the wor1<ing
envso nment. There is a body of research on that subject"
aspeces of which I will review in this article, but it remains
relatively less well reoognised than work which shows the
links between physical noise 'dose' , and (the average)
sensory/physiologic a l respo nse to that dose. One can
speculate that itis relatively straig htforward to unden.und
physical/physiologica l sorts oflin kages, complex though they
can be in relation 10 differences in temporal and spectral
pancrns of eXpoSUTC. It may call for the exercise of more
imagination for us to appreciate the ways in which a disorder
of hcaring, ongoingly sustained at work, man i fesl ~ at home.

lnterestingry and, so far as 1 can judge, the earliest
sys tematic srudy of effects flowing on to family life, as a
consequence of a member suffering noise-caused hearing
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injury, was one conducted in Australiaal lhe behest of the
Deafness Foundation (Victoria) (B1aikie & Uutbrte, 1984). It
is consistent with my sUllgeslion above, about the
' psychosocialdimcnsion being more obscurc. thaI Ihis study
has remained out, ide of Ihc u,o al domain of published
resea rch. It came 10 lillhl during a seminar lour on
Occupat ional Noise-Induced Hearing Les s undertaken in
November 1990 lly a groop compri, ing Louise CIcily and
Raymond Htt u of lhe Universily nfM onlreal, Dick Waugh of
worksafe Austrafia, and the prt'it'Jll aUlhor. Copies ofB laikie
and Gutllrie's report were given 10 each of the four seminar
presenters by representalives of the Deafness Foundation
whenthe lour reached Melbourne.

2. RLAIKI E.ANI'>GUTHRIE'S (1984) STU nY
The starti ng po int for this study was an exte nsive
ques t ionnaire-base d survey o f people who had ga ined
f inancial comre nsa tion for occ upatio nal noise-ind uced
hearing 10M during a 28-month period. The final _'lample
responding 10 the mail-out questionnaire was 313. O f these,
24 pcople {plus mcmhen of their families - making 6{1 in all)
...cre intervio:wed,oo thebasisofseveral relevatlt erileria. nol
the leas t being a report of family difficulties assoc iared wirh
the d aimant\ hellringl oss

The Interviews covered several lhemes. including the
expeneece of working in noisc, and lhc use of personal
hearing protection ; expcricnces in lhc family. and the extent of
reliance on l>ehavioural or technical aids 10 hearing. One
detail highliihted by the authors ....as the unwillingness of
participants to lodge claims for oompen.<oalion before they
retired, or in other Wll)'5 to draw arrennon 10 any problem with
their hearing, for fear of jeopardising their ongo ing
employment. This feature is related 10 one that has been noted

in hrer reseerchin Quebec. It censtinae s a consequence of
hearing loss that may be particular to lhis sector of the
population. intensifying the more genera lly observed
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phenomenon (e.g., Jones, Kyle & Wood, 1987) that loss of
hearing gradually acquired is not a condition sufferers rush to
acknowledge. Such reluctance has its own consequences for
family life, asI explain later.

The principal issue for families is the stress and irritation
caused by the hearing impaired person's continual requests for
repetition of things said by other family members. The
ongoing expression of this behaviour leads to accusations of
inattention, of not caring about what is going on. A
consequence isexc1usion of the hearing impaired person from
conversation, inc1udingavoidance of conversation with her or
him by telephone (incidentally,most participants with hearing
impairment in this study were males). A critical source of
conflict is the volume setting of the family TV set: others in
the household are continually in conflict with the person who
cannot hear it properly at a level comfortable for them.
Paradoxically, and partly because other noise sources arc so
disruptive to hearing, children's audio gear (stereo systems
and the like), are complained about as being too loud for the
impaired hearer to bear. As clarified in subsequent work in
Quebec, the stress on the hearing impaired worker caused by
the noise of other appliances in the household is also due to
fatigue and irritation from being exposed to noise in the
workplace all day. Peace and quiet are actively sought - the
TV being, exceptionally, a source of information and
entertainment.

2.1 Interpreting these findings
A force that drives much of the domestic conflict reported by
the above authors is the absence of recognition that hearing
loss is the most parsimonious explanation for it. Here is where
the obscure nature of the problematic consequences of noise
induced hearing loss might need some imagination to
recognise. Even if members ofahousehold can 'rationally'
appreciate that hearing impairment would account for the non
responses or inappropriate responses of the partner or parent
in question, the emotional impact of communicative failure is
not diminished. The here-and-now expectation for
communicative competence overrides a 'sympathetic' reading
which might be made of any specific incident. Add to this the
point that reluctance to disclose impaired hearing in the
context of work may well generalise to the home setting, and
this can make acknowledgment of hearing loss as the cause of
communication failure harder to achieve (subsequent work in
Sweden bears on this issue).

An issue that lies amongst the foregoing ones is the
unpreparedness of relatively youthful families (people in their
40s, for example) for the 'brutal' fact that one member is
suffering a malady normally to be expected only of older-aged
people. This element possibly finds support in comparative
outcomes from studies in which effects of having a hearing
loss are rated by both the sufferer and by their partner. In a
recent analysis (Noble, in press), it was noted that certain
studies comparing 'self' and 'other' ratings of difficulties due
to hearing loss, have yielded somewhat contrary outcomes.
Thus, a report by Chmiel and Jerger (1993) showed similar
ratings by others compared with self-rating, whereas one by
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Noble (1967) showed greater self-rating of difficulty
compared with other's rating. One factor distinguishing the
samples was the greater age of the people in Chmiel and
Jerger's case. Furthermore, the people being rated had
comparatively mild hearing losses, and their partners could
well have had mild hearing losses also. In contrast, the sample
in Noble's case was younger, and those rated had varying
degrees of noise-induced hearing loss. In such cases there
would be little likelihood of hearing loss in the partners.
There was a low correlation between self and other's ratings of
hearing difficulties in Noble's sample, a rather closer one than
in Chmiel and Jerger's The suggestion in this contrast
between the samples is that rating by the other, in Chmiel and
Jerger's study, might contain an element of 'empathic' self
rating, whereas the partners in Noble's study would have no
personal awareness of the experience of hearing loss.

If the foregoing interpretation is plausible it suggests that
hearing loss is not anticipated, during someone's working
lifetime, as a feature of life in families in which one member
has noise-induced hearing loss. Combined with the reluctance
on the sufferer's part to acknowledge hearing loss as a fact of
their own life, a consequence within the family is less
likelihood that communication problems will be attributed to
the state ofthe person's hearing, more chance that they will be
perceived to arise from personal and interpersonal failings. A
further factor here is that other family members do not
experience the agent which is causing the injury, and there are
no signs of injury to the worker in the ordinary sense of that
term: no visible cuts or abrasions.

3. TIlE UNIVERSITY OF MONTREAL
ACOUSTICS GROUP

Several aspects of the above discussion are informed by
detailed studies undertaken by a research group in Quebec,
headed by Hetu and Getty (Hetu & Getty, 1990; Hetu, Lalonde
& Getty, 1987; Hetu, Riverin, Getty, Lalande & St.Cyr, 1990;
Hetu, Riverin, Lalande, Getty & St-Cyr, 1988). The program
of work there has been to reveal the patterns of difficulty
experienced by the partners of men whose hearing is affected
by noise. Besides the sorts of consequences within the
household identified in the Blaikie and Guthrie study, are
those experienced in larger social settings. Many of the wives
of the men reported the efforts they endure in social settings,
having to act as interpreters for their partners, being required
to be by their side at all times so that they will not be isolated
orata loss in terms of participating in conversation.

Beyond this were expressions of sadness and distress about
the lossofameaningful social life for themselves and their
partners-both feel cut off from ordinary interaction just
because of the continual dependence on the wife to act as
interpreter, to be 'the ears' for the two of them. The sense of
sorrow pervades the couple's relationship itself, and this is
brought home very poignantly in the severe limits on intimate
conversation at home. Such effects are not confined, of
course, to people whose hearing is injured by noise (see, e.g.,
Hetu, Jones & Getty, 1993; Jones et al., 1987). But the
'epidemic' character of these consequences (occurring across
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ALLOCATION OF MEASURED HEARING LOSS
BETW EEN AGE AND NOISE
Da,"id [ de n
Acoustic D}'lIaml cs PI)' Lid
57 Lo mbar d s treet
Glebe,N SW 20J1

ABSTRACT: Aoonvenicn\ .... y of allocating, pmon 's mca-<umi bearing10MOet"'Wlllbc wmpc:1init;llIUCS of . geand noi~ ~ c~pl.iMd.

II usa ~prWshed. and each of 1M person. measured bearing thrnholdi. 'fhc, ipKadshttl cornpaon ind ividual data 10 population do... in

Internation.al Standards ISO 1999 and ISO 702'.1. lbc: motbod lca<b 10. ca lculated """'om casc effecl of 'gc wa.uum ing . !)T ic. l pallc'nl of

age~lat«I hearing loss . This gives a mcuun: o f the individuals heari"ll "tougln:ss" or SU$Ccl" ibili'Y to 10M due to ' B"-A~g ,he
same suscepfibility ro noisc indl>c<:d lms of heariD.j!.. il is """,ible lOcaJeul. le hcanng los.n . t eacb /Tequency ' iS\1mi"ll ",el_ .....
penon's noise e>.pO<ure bisrory. The results ,.." p10md as g!3pbs . The technique has been found Wleful incoun casnforinduslrial

deafneM;. Apm l'ronl lhe ca lculation advan~ it craPh ically illU<ln1C1. ....ben tb= if, . com pontn l of heng lou cllpla inable """"'
probahly than l101by ooise cxpos ure.

1. SPREADSHEET CA LCULATION OF
"WORST CASE EFFECT OF AGE"

ISO 1999 Acoustics · Determination of occupational noise
ex posure and estimatio n of no ise induced noise impairment

[ I} sets out two databa ses for the compon ent of age related
l0S5or~aring.The "highlyscrcmcd"databasc Aisuscd to

ca1cullt ehearin, threshold solely as a funceion c f agc. The
methoddcscribcd in th is paper initially al kx:ates as much as
pos.~ible of a penon '!>mea.~ hearing loss to age related
hearing less (ARHL). lltat compon ent in decibels is given the
symbol A whe n "' 'C quantify ARHL.

The rea~on for doing this is In test whether adop tion of
w ch an . l1ocati(ll1 st ill fCsults in a peT$On having a noise
induced hearin g 10» (N IHL) or N when we quanlify NTHL

[SO 1999 and ISO 7029 1994 Acousrics • Threshold of
hearing by air conduction as a function of ag<' and SCJI for
oto logically norma l perso ns [2] sct out population statistics.
They give med ian beari ng thresholds and the standar d
devialion me35ure ofthep<lpu lalion variahi lity o f that mcdian.
Ana1yl;is leads 10 the probab ility nf a (lCm'ln's m~urcd

hearin g lo~ inthe p<ll'ulal ion di Siribuli ()n .

ln his book Medical-legal Evalua lion of HearingW"" 13].
Dobie sets out the proces s of different ial diagnO'lis
(identifying the ca use or ca ll'iC~ of hearing Ios.~) and of
alloca tion (eslimating the relative conlribution of differc nt
causes to the total hearin g loss and also to the total hearing
handicap),

2, CALCULATION 0 ..' TIl E AGE
CO:\l PO~ENT

The technique describe d here filS the individual directly inlo
the populatio n stati!ilics. By assum ing a person's hearing
threshold (or loss) is not worse than the measured loss, we
establi,;h the "wo~t case" susceptibility due to age. It is

Acocsucs Australia

"'>SUJlICd that the gencn. 1shape of ARII L gening worse with
increasin g frequency and with increas ing agc is eU L'l1y
descri bed by lhe popu lation stat iSlies summarised in ISO 1999
and 150 7029.

If the audiologist has been unable to exclude all of an
elll ggCt"ated loss, the person's sensorineural loss could be less.
If a conductive hearin g loss isprcscnt too, the person'!>loss
could be better than indicated too . Th is leads to some

certainty, required in court cases , that the noise induced
compo nent is no tnOI'C than calc ulated.

International Standards ISO 1999 and ISO 7029 describe
the med ian pcrman ent tlm:shold shifts (PT5) of hearin g as a
function of noise exposure and of age along wilh lheir
standard dev iations. The ir data are precise and easy to use in
computer spreadsheets

To calculate how much of a pcrson'll hearing loss is noise
indoced. or even whcmer any of tbe losscs arc due to noise,
assume all tile losses are due to age. Compared to other
allocation methods,thi~ tcchni quercduccs Wlcertaintyandthe

range of each allocation . So lving for "A~ first makes lhc
allocalionof hearing loss betwe en alternati ve causes easi er to
understand. The calculations are immediately simplified.

3. INDIVIDUALISING TH E DATA
To work out apcrwn's "wo rst case" susc eptibility to age, the
person'smeasured heari ng threshold at each test frequency is
examined to calcula te the likelih ood at each frequency that thc
threshold is entirely due {Otheir age at the time of the hearing
test. The minimum number of standard deviation s bencrthan
the median e:\plains their mea sured hearing threshold as a
function of age. The number of standard deviatio ns positions
that person's audiometric data in the nOIDla1 population
statistics

All the usuala ud iomctric tcst fl'C<luencies arc e:\aminedi n
the ahove analysis. It is necessary to have audiometry at 8,000
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Hz to identi fy the often better heari ng at HUlz in a pen on
who has nOLW i....oced hearin g loss al 3, 4 and 6 kHL A
per son wilh a signif lCanl noise induced hearing loss mighl
appear to have just Vf:l)' bad age Ielated hearing loss Wlleu
thelr bearin gis also meas ured at g kHz. The calculated re. ult
is illustrated in Figure I.

Aperson 'smeasured hcaringthreshold indecibeh ista bulatcd
as a function of frequency for each ear, shownat the top of
Tables I and 2. The dashed hne shows the person 's hearing
loss mea.~ured for his left ear al each frequency man ed with a
cross. The person's hearing los. in h i~ right hear is shown asa
solid line with circlesat each frequen cy. The rnan was aged 49
at the date of his audiomctry .

T.~ I ~1 ,.u..~d 1I,,"ln ~ lhrnhold

SOO lOW 1500 2000 JOOO 00110 6000 I!OOO

f _ "",, [herttl

F;I"~ I. Measured t...arina1oOl and won t ca.. e effect of age

The, dB bearing threshold in the man 's left ear at 2,000 Hz
corres ponding to 0.2 1 standard devia tions better hearing than
the median for 49 year old men in an otologically screened
population enables the "worst case effect" due to age to be:
calc ulated at the other test frequencies and ploa ed in the
gra ph. It ranges from 2 dB at 250 Hz 10 18 dB at 8,000 Hz
The spreadsheet calcula tion showing this is in Table 2.

Table 2 shows the popu lation median hearing threshold of
a man(in this ease ) aged 49 without ear di sease other than age
and noise . The spreadsheet calcu lation leek s for the ear with
the best hearing threshold at each frequency. The number of
standard devialion. from the median to reach the best hearing
at that frequency is then calculated. At 250 liz, the 10 dB
heari ng lhresholdin his le ft ear is 0.89 5W1dard devia liom

46-'101 . 26 (1996) No. 2

worse than the median. This is shown in Table 2 in the second
row labelled MStandarddevia lions from mcdian~. The man's
best hearin g compared to the nonnal popu lation dislribution is
his' dB hearin g threshol d in hi ~ left ear at 2,000 li z. It is 0.21
standard deviations better than the median. At all other
frequenci es, his best hcaring in each ear is eithcr O.04
standard deviations bencr then the median (at 1.' 00 liz) or
worse than the med ian age related loss of hearing for a 49 year
oldman.

Because his measuredheari ng threshold was ' dH at 2,000
Hz, at least in his left ear, we can assume that hi ~ hearing
"tou ghness" is at the 58thpercm tile. The word "t oughness" is
used, msrcad of "suscept ibility" because toughness in the
popul ation increases with mcreasin g percen tile. Note that the
population susce ptibility in ISO 1999 , ISO 1029 and
Australian Sta.ndardr.'ew Zealand Standard 1269:19\18 [41use
a popul alion descriplorthat has the 95th pcrc entilc as the least
susccpnhle and the Sthpttl:e ntile a..the most susceptible

In the absence of any hctter assumption, once a person's
susceptibility to age is known (as a WOT51 case asswni ng
reliableaudiometry), tllCir . usccpt ibil ity to hearin g loss from
ncee Cllposure is assumed to be the same . This seems
reasona ble because there are unex plained diffcrences in
hearing threshold between ea~ at frequen cies thought nO( to
be susceplible to noise induced hearin g loss (al 250 Hz in our
example). Because rhe rate at wh ich heari ng is lost with
frequency must also VBI)' betwe en individuals, the overall
population statistics indicate where an individual fits in a
populat ion but not how unusual their part itul ar shape of age
related bearing loss i5

4. CALCULATlO~ 0 .. THE NOIS E
CO:vlPO NF.NT

The ned part of the analysis expla ins some of the difference
betwe en the worst ease effect of age and lhe person's
measured hearin g loss .

Heari ng tou ghness at the 58th pereenlile can be used from
ISO 1999 to calc ulate the effect of 13 years ot exposure at 100
dB(A), shown in the second last row of the lal>le. The lasl row
o f the tabte shows the calculated hearing losses due to age and
noise added together with the slight compression (total Ion =
A + N - Ax.."I / 120) described in ISO 1999. The thin solid line
o ft hegrap h willt square boxes at the frequm d es from ' 00 li z
to 6,000 Hz show lite calculated combined age pl us noise
effects .
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Aflu lite penon i maximum SUKeplibilily to .g~ i sU ICULaled,
" N" is u lculaled al each frequency using tbe same
suoceptibiliry. Fil.'Ul'e 2 shows me perso n! heating at lhe
frequencies mod suscept ible 10 noise: induced hearing loss is
1TlC'3511lllbly wunelhanhisulculaledbcaring loss dueloallc
.100<.

u.:b (,Ilc ulated maximum effect of age asswnn a hearin g
IoNwithtllewne numbcrof standarddcviahonsfromthe
rncdm1 alea(h freqll(flC)'.~alwaysresultsin. simi1ar-_.

Robo:tt A Dobie (SI summarises other 'oto'Of1i. of the
reLationshipbetwem ARHl and NUlL .. ith -rtw inner eer
dq:mmotion WI KCOOlp.1ln ies~CiI~ a~
bc:uin!Iouth.alinitially affCClSlbchi~~jniD

most eut$. MenU$Ul.lIyba\1:gttatcrlosscsllwl1O'QlnCllof
the _ .,e.Hlie rqx;wt:stbat ~aging .ffcasK"o'aaJ clements
in the ro;hle& - . Iea5l:hair ceus, IICUIVIl5.. and Wi.t
,urul.,s - and Ihcit: dements.lll.1)' dcIenomc ITlOft or jess

ilMkpmdmlly. In thi$ 5CDSC. AlUIL is clearly chffaml from
noiK iDdu=I hearing10MIIobae . .. hair « llsan virtually the
only atro:drocuthleadcmcnts."

ARl lL lacb the dip betwccD 3 kHz and 6 kl iz KC11in
NUlL; ARlIL ac«'lenles O\'C!" lime , whik NlHL docclcnles.
"Allocal1oo" is the PJOCC'Ss of detcnnining tbe relat ive
contri butions ' Ile and noise have made 10 a person's
sellSOlinaJr.l l hean ng loss (SNHL). ASMJIJling head injury.
ototoxic drugs and other otologic di50Ncn have been
el iminaled by an ENTdoctor (p.262 ).

Los...:s uncxplainod byageandnoiK cooldbeduc lootbct
cau-'lQor~asurc~nl lol cranccs.

5. CONCLUSIO~

Theanump(ions made 10 .,,-M: at the al localioo between age
an.JnoiK .re sec out. Althooghindiv>duah""ln have~1Il:<m

of ~ dilTcnn 10 popu lation data, tile pvNbihly that a
po:n.on's 10M includes a noise compcmt"nl is di&played
gnphic.ally.
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SOME ISSUES IN NOISE-iNDUCED
SLEEP DISTURBANCE
Norman L. Carter
Department of Architectural and Design Science
University of Sydney
Sydney,NSW2006

ABSTRACT. Researchusingthe sleeppolygraphto monitorsleephas indicatedthe mainnoiseparametersrelatedto sleepdisturbanceand
thepreferrednoisemetriesto be used.Evaluationandpredictionof populationstatisticsof noise-inducedsleepdisturbancedueto noisehas
begun,usingmethodsof detectingsleepdisturbancemoresuitedto largepopulationtesting.Thisworkmustcontinueif adequateguidelines
for environmental noisecontrol forthe preventionof sleepdisturbancearc to be developed.Equally,theneedfor concurrentbasicresearch
on the effectsof noiseon sleep and healthmustnot be lost sightof.

1. INTRODUCTION
The problem of sleep disturbance by noise has long been
recognised in Australia. The 1971 report of the (Australian
Parliament) House of Representatives Select Committee on
Aircraft Noise (HORSCAN) stressed the need for research
into the effects of aircraft noise on sleep and rest, particularly
that of shift workers and older people [I).

In spite of this early recognition of the importance of sleep
research in the assessment of the effects ofaircraftnoisc on
people, such research has not been well supported here.
Exceptions have been some studies on possible health effects
of noise during sleep [2,3,4), and a laboratory study on traffic
noise and sleep (5).

Justification for noise effects research in Australia has
mainly been that it should lead to the development of
standards and regulations for noise control. The question of
regulations and standards on noise and sleep has not yet been
properly discussed in Australia, and so there is no agreement
yet on the preferred aims of this research. The main alternative
aims appear to be the following:

to provide methods for predicting sleep disturbance per se
(however that is defined);

• to find out whether or not there are harmful consequences
ofnoise-induccdsleep disturbance for health and/or daily
functioning;

to enableplanncrs to avoid complaints about noise from,
for example, airports and roadways;

all oftheabove.

The aims agreed on will influence the choice of methods
used in the research. In this paper the main methods for
measuring sleep are outlined. Fortunately, perhaps, for the
Australiancommunity,many studies have been carried out
elsewhere in the world which have yielded valuable
inforrnationforthe assessment of the effects of noise on sleep.
Somcresults from that research are presented. Some possible
health issues are also considered.

2. METHODS OF MEASURING SLEEP
DISTURBANCE

2.1. TheSleepPolygraph

The sleep polygraph records continuous electro
encephalograph (EEG) activity, eye movement and muscle
tone overnight. These data are used to classify sleep into
various 'stages'.

With the possible exccptionofeffects of noise on sleep
latency (time to fall asleep after lights out) and on total time
spent overnight in SlowWavc Sleep (SWS) in young people,
results of research on noise effects on total time in the various
stages of sleep have been inconsistent (6). Reasons for this are
not hard to find. Thcreis norrnal variation between people in
the duration of sleep and its various stages, and variation
between nights in the same people. Individuals differ in their
susceptibility to disturbance of sleep by noise. Substantial
numbers of subject/nights arc needed to obtain reliable results,
butthc costs of using the sleep polygraph in large population
studies are prohibitive.

Reliability aside, it has never been clear what the
implications of noise induced changes in overnight sleep
architecture were for people, largely because the biological
and psychological functions of the various sleep stages were
unknown [7].

Polygraphic indicators of responses to individual noise
events intbe forrn of changes in sleep stage, body movement,
arousal and awakening are much more repeatable measures
than measures of e.g. total slow wave sleep (SWS) overnight
[5). The latter are, however, essential for studies of possible
health effects and their mechanisms.

2.2. Actimetry

Actimetryrecords arousals and awakenings (activity) by
means of accelerometers (actimeters) worn on the sleeper's
wrist. Validated as measures of arousal/awakening against tbe
sleep polygraph, actimetryhasrecently been used to monitor
sleep disturbance in large numbers of people exposed to
aircraft noise while sleeping in their homes [8,9].

Actimetersare 'objective' (independent of subject bias),
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cheap and convenient, and have min imal cffccts on sleep,
faclors which make them lhe techniqueof choiccin lhe sludy
of noise-induced arousals in large populations. Disadvantages
are that they are limiled to det«: ting arousal s (du not reveal
sleep stage changes) and may nOI indicate how lung the
suhjeet rcma ins awake if they are lying quietly. This pr«: ludes
Iheir usc if the aim is 10 asscss slecp dislurbance in lenn s of
sleep slage changes, or i f K~h is aimed at find i ng what

a"pects of sl eep olber lhan number of arousals maybe~laled

to bealth or daytim e functioning

Fidel] et at [9] found Ihat whi le overall the correlation
between acl imetric measures of disturbance ("'mot ility" ) and
indoor A-weighted sound expo sure level (ASEL) of individual
noise C\'ents was relatively high, corre l31ion with measures of
behavioural awakening (bul1on-pre ssing) w'3S less thant1)ight
have been expected. Th is may be a defeo:tof the behavioural
awakening metllod rather than aetimetry.

1,J. Br h.n inura IA .. '. kening

Rel iable resultll have beenfound by a~king the subj«t lO
indicatcall awakenings by press ing a bullon connected toa
bcdsidc comfI!Jter [ IOJ

Th is method has a great <kal of face validity in that it can
hanl ly be ques tioned lhal tbe sa bject is awake for each bunon
press. II may have a higher (noise) thresho ld Ihan othe r
melhods of sleep monitoring . Unlike brief EEG arousals. it is
ea.~ily recalled the next day and should correlate highly wilh
public com plainlll ahout aircraft and traffic noise.

One disad\'anlage o f the method as a basis fur
standardisa tioo is that it may undcrntimale brief awaken ings,
especially from the ' deelX'r' stages of slee p (SWS), bccause of
the dcgrec of sleep inert ia prese nt at these limCll

Anot her disadvantage is thar subjects may give biassed
responses or unconsciously provide results which they believe
are ' desired' or expected by the experi menter, An important
question. not yet investigated, is the relation of noise-induced
sleep disturbanCClosubject s'grnerdl noise sensitivity and
Ihr ir an itudes tolhe soun:es and conlrol1ers of noise (airlines,
road transport authorities etc.). Attirude and noise sens itivity
have been shown to be powerfu l modifiers of annoyance due
to noise [ I I] and bec ause auditory scanning of the
environment and pe rception of the meaning of sounds
conrinuesd uring sleep l1 2,1 3] oouldaffect sleep disturhance
as well. Research on this issue requires lhallhe method of
sleep monito ring be (and be seen to be ) as objective as
possible.

As with actimetry, burton-pressin g cannot record how long
subjeclS remainedawakeafter arousal.

3. RESEARCII RJ<:SULrS

J.1. I"ioise Ch ar aet eri stln a nd ."'I etn n Relal ed 10 Sleep
Disturb an ce.

Laboratory and field research has established the following
(see[6J forreview):

• intermittent noise is more dislurbi ng lhan CUl\l;nUous noise
of similar average energy;

50-Vol. 26 (1998) No. 2

the probabili ty of sleep distu rbance is rclated tu the
maximum levels of single noise evcr ss (such as thaTdue to
lruck pa.," llys and aircra ft flyovcrs};

single event noise levels are best measured in LAma~ or
ASEL;

the likel ihood of sleep disturb ance due to noi~e events is
related to the 'emergence ' of noise evcnts t roughjyjbe
difference between LAmaxand ASEL of noise events and
background noiselevel};

total sleep distu rbance is re lated 10 the numbcrof single
noise events during the night . The fonn of This n:lationship
is nOI clear and may depend on which measure of sleep
quality is used u thc oulcome variallle.

3.1. Slee p Disturba net· [)O\../R~pnn"" Curves

Several authors have coll ated the results of a nwnber of
studies and developed dose/respon se cwves of probability of
arousa ls and awakenings, and sleep stage chanlfe (from
'deeper ' 10 ' lighter' Sfages of sleep) as a func tion of LAmax
or AS EL of noise events

Areview and analysis byPearsonselalr l 4lsh~that

coserresponsc curves derived from laboratory and Field
stud ies an:dramat ically diffl.....,nt,probably~u"Cpeoplc

sleeping al home in familiar surrou ndings y,ue muo.: h less
seesinve to disturbance by noise than ....ho:nthcy51epl in the
labora tory. Th is suggested Ihar muc h of lhe variation between
vario us published synthesised curves y,'as due 10 pooling data
obtained in the labora tory and in lhe field in varying
proportJOM .

It was also clear thai sleep stage change was much more
scnsilive to noisc lhan arou.\&ls/awakcnings in both laborllTury
and Fieldstudies. The curve for slee p stage change from field
studies ....as very similar 10 that of laboratory studies of
arousa L·awakenings. Three f ield studies ofain:raft eoise and
sleep disturb ance, usin g actimc try and /or behavioura l
awakening as the response measure. have been repon ed since
Ihis review waswri nl"Il,broadlyconfinning thcdoscircspo1L<e
curve for arousal/awakening developed by Pearsons et al. from
previous fiel d studies [8, 9, 10].

3.J. Predi ct ion Of Ch ronic ~ol$e- l ndueed Slee p
[)i<tunlan ee

pesschier-vermeer [15] developed a calcul ation method which
pcrm its lhc number ofaircra tl overfl ighlSto be increascdif the
l.-vel of individual ovcrl1ighls is reduced In her method the
prollallility of sleep stage change and arousals/awakenings
(based on work by Pearsons et al., 114] andHom c et a1. [SlJ
wcrea linear function of the numherof noise evenls ovemight
and the ASEL of these events, but she combined These
measures of individua l noise events overnight in an LAeq. and
the limiT of permissible exposure was set in LAeq. For
example, ira maximumpermissible LAcq O\'ern ight of 27 dB
is set, then (in terms of'percentage awakenings) the worst case
(mosl arousals or sleep stage cbangcs ) consisten t with this
value is 5 aircraft noise events per eight.all with indoor ASEL
....4Iucs of 64<!RA. This is calculatcd to induce an average of
13 ain:ntft noise -induced awakcnings per person pcr year in an
average population. Fewer aircraft with highe r levels than 64
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ASEL (up to a maximum permitted level), or a greater number
of aircraft flyovers with lower noise levels, will lead to fewer
awakenings. Similar calculations for sleep stage change
showed a much greater number of sleep stage changes
overnight and over one year than arousalslawakenings.

3.4. Outdoor/lndoorNoiseAttenuation

Estimates of noise-induced sleep disturbance require indoor
noise levels, but environmental noise assessment necessarily
entails outdoor noise measurements. The available data on
outdoor/indoor noise attenuation are quite inadequate to
estimate indoor noise levels.

Finegold et a!. [16] refer to the US Environmental
Protection Authority's (USEPA) "average house noise
reduction" as 17 dB for windows open and 27 dB for windows
closed. The influence of noise spectrum and other variables
[17] on outdoor!indoor attenuation make it unlikely that these
values will be accurate for all environmental noise sources.

Pas schier-Vermeer [19] assumed outdoor/indoor
attenuation of 15 dB with single glazing (presumably
windows closed) and 25 dB for double glazing. For regulatory
purposes she stated that 15 dB was appropriate. However she
later indicated that Netherlands' night time aircraft noise
regulations specified that sound insulation be determined for
windows in the "ventilation position" (partly open). For this
window position the attenuation was given as 22 dBA for
landings and 20.5 dBAfortake-offs. For windows fully open
the attcnuation is Iesscned by S dBA [15].

Carter, Ingham and Tran [17], in a study of traffic noise in
a Sydney suburb, found that the average attenuation depended
on which noise metric was used, and whether the window was
closed or partially open (up 20 em), the latter probably
corresponding to Passchier-Vcrmeer's "ventilation position".
The mean attenuation values in dB (windows partially open)

LAeq LAmax LApk LA90 LA10 LAI

17.05 17.35 17.2 13.39 17.77 17.63

For windows closed the attenuation values (in dB) were:

LAeq LAmax LApk LA90 LAIO LAI

21.5223.0821.1112.0523.72 23.72

USEPA attenuation values for open windows and Carter et
al.s [17] data for partially open windows are somewhat similar
but since the latter were determined for traffic noise they may
not be appropriate for aircraft noise [cf. 16]. On the other hand
the Netherlands' [15] regulatory figures (20.5 and 22 dB) may
well be appropriate for aircraft noise and apartment buildings,

but not for single storey dwellings.

The magnitude of variations in estimates of outdoor /indo or
attenuation are significant in the context of noise reduction
achievable by quieting aircraft and motor vehicles, buffer
zones for airports, and sound barriers near roadways. Further
field work on noise and sleep should take every opportunity to
increase information on bedroom outdoor/indoor noise
attenuation values and their determinants.

3,5. The Context: Non Noise-Induced Awakenings

Fidell et a!. have consistently argued that in studying noise
induced sleep disturbance, cognizance should also be taken of
the likelihood of an arousal/awakening in the absence ofa
noise event [18]. Ina field study using behavioural awakening
they found that the number of awakenings in the absence of
any noise event was only slightly less than the number of non
noise induced awakenings [9]. Home et al., [8] found that
idiosyncratic, non-noise factors accounted for more arousals
than aircraft noise events, though in their study the levels of
aircraft noise were lower than in many areas near airports, and
the prevalence of double-glazing was greater. Ina laboratory
study of traffic noise Carter and Ingham [5] found that the
total number of body movements was similar in subjects
exposed to noise and quiet overnight, even though there were
clear (polygraphic) arousal responses to particular noise
events. They suggested that this may be because body
movements are necessary during sleep to relieve pressure
points, and that noise events sometimes triggered body
movements which may soon have occurred anyway.

'Net' increase in arousals! awakenings or sleep stage
changes should be considered in assessing noise-induced
sleep disturbance in the community. Nevertheless public
policy must be accountable for sleep disturbance for which
avoidable sound sources such as aircraft and traffic noise are
responsible.

4. NOISE-INDUCED SLEEP DISTURBANCE,
HEALTH, TASK PERFORMANCE

4.1. TaskPerformance

LeVere ct al. [20] exposed subjects to bursts of narrow band
noise during sleep. They found that even though the EEG
response to each noise event decreased as the number of noise
events increased, impairment of performance of a reaction
time task the next day was proportional to the number of noise
events. This could mean that counting arousal responses
overnight may underestimate the effects of chronic exposure
to noise during sleep. However, data by Carter and Ingham [5]
did not support this earlier finding.

4.2. B1oodPressureResponse

GuiIleminauIt and Stoohs [21] exposed sleeping subjects to 5
sec. 1000 Hztoncs. They found that an increase in diastolic
and systolic blood pressures folIowedthe tone, even when
there was no EEG response. Chronic repetition of such blood
pressure changes could in theory lead to morphological
changes in arterial blood vessels and perrnanent increases in
blood pressure [22]. A study measuring blood pressure
response in subjects exposed to traffic and aircraft noise
during sleep is presently being completed in Sydney.

4.3. Immune Response

Twelve reports have suggested that slow wave sleep (SWS) is
reduced by noise [cf. 6]. It has been speculated that reduction
in SWS may impact on immune response [23], and an
exploratory laboratory study has been carried out [4]. Until
this question is clarified it constitutes a further reason for
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adoptillg a conservative approa ch 10 setting cri ter ia for
permi~~ible noise u posure for the prolecl ioll of sleep.

5. CONCLUSIONS AND
RECOM M ENDATIO NS

PasIre:;eafChhlls provided uluabie insighlsilllo lloiseand
sleep . Ncvenhc:less the aims o f research 011 noise aoo sleep
sltould be re-examined . Tbe re is a cnncal dl ffm:ncc: bc tw..zen
research which is limited to do;tenn illillgthc: CAtellt o r steep
disturbance (as a form o f aet i\"ily dislurb;mce and a forerurtJll: r

o f complaillts) and W t aimed at determ illing .. 'hdher or not
Iherc <Ul: effects oli dai ly fW1Clioning and p~ical andior

p.y<:ho log ical hea lth. While il may appc::arthal 1TICiISUIn0 f

sleep dislurbancearc rdatedto lheli kelihood of healtheffects
this is not necessarily 50, and until thi s is cslablished health
\ 'lriabks shoul d be studied in their 0WtI right

Most sleep.·noise resea reh to date has ooncmtl1ltal on
rd atlllg melSIIJeS of noise to measurn of sleep disturbance .
H "", TVe'l". the role of psychological facto::n (fOl" nample
attitulk to lhc: noise source and ooise sensltrvtty)hf~e

variables (such as shif\'o.vcrk)and demograph ic modifien
(age) Jnily pTO"'e to be as influentia l as noi se kvel in
det emt ining d fC'CU of noise on sleep and health.

I'oise-induced s1cC'p lfuturbmce tw mainly been re lated

to iDdoor noisc lcvels,but regu latioosand slaodanh must be
sta ted ill te rms of OUldoot noise lo:\'el s. Variation ill
outdoor/indoor attmualion is of the sameorder ofmagnilUde
aspolCTllial no ise red uct ion due to quietillg ooise 1OtI l'CeS,

buff er lOllC$ and noi se ban'ieD. Tbe ... .. ilable in fonnalion on

ou ldoor-/indoor attenua lion is illlldeq uate fOl"es nmatin g the
eff«ts ofrnost no isc envirottments on slttp.
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THE NATURE AND ORIGIN OF OTO-ACOUSTIC
EMIS SIONS
GraemeK.¥ales.
Th e Auditory LMbonlory. [k,partm cnl of Ph~ s1l1logy,

Th e Unhe " k )' or WC'SI..rn Au\ tra lia. ~f'd la nds 6907, WA

ABSTRA CT : l'tanoienl-evokcd otoao;ollMiI:emiMions have b«n u>edfor wme ~lIflI now u • >crcenin g and diagnosric 1001in de1cdin il
hearing loss ofrochlearOfigin bul l1illlinle is known aboul bow these emi... ions an: gmcnltN and ...hat information ;s Tull y carried in
them. In shon , the ha.i c phy!.ioJogysimply has 001 b<xndooc_ R""" ntly, Robcr1 Withndl .",j I ha~ been ~igal;ng emi•• ion, from
the l'ticnlifie TIthe than din ;"l l vitwpoinl and hsve shown that, in !he guino:api, at least, Illeyare 001....hallLa. previOl.l>ly bem .....med
They arc ;n facta form " rnontine ar diSlortionand this ha.'isome significance fOl'the inttTpretal;oooftran"ien t Oloaooll,ticcmi.. iOll'

I. INTRODucnON
You can probab ly image lhe scepticism which greeted the
announcement by David Kemp, in 197K, that he had recorded
echoes apparently coming from within the inner car. li e had
in'\ertcd ligh tly·f in ing probes, conlaining a hearing aid
receiver and microp hone, into the externa l ear canals of
human volunteers, geneated a shon d ick with the receiver
and then recorded the '10000 in the ear cana l in thl:: lime
folming. To the greae surpr ise of almost everyon e excepe
himsclf herec ordc:d,.inlheperiodaftert hei niliallntnsienthad
<.ical~ 'e<:hocs 'orn::-emissioll$ofSO\l11dexlCndingouttall-s

much as fi fty milliseconds. A succe.....)oo ofw: iem ifk: papers
in the following two years I:\"\;nt u.ll ly COIDlOCcd "h nml
o:veryonc: thaI thc:scechoes were gL11uioely from the cochlea
and that they were evidence for a mech anical amplifier . It is
now widely accep ted that there is such ao amplifier and lhat it
act s within the ear to enhance the vibrations of the basila r
mcmbrenc. ube structure within the coch lea that carries and
stimulat<;sthcscnsory cellsof the ear.

In the years since then these md related w undt. Irom
within the ear, conecnvcty known a.~ ceo-ecocsre cm i>siom,
have beenapplied clinica lly with "M)"ing ikg rees Of5Ucc:e» .
Theideaisthat i ftheem;ssiOrtsgenui ncly~flectthe slatu.sof

lhe cochlear amp lifier tben they should also reflect any
hearing l~causedbydamage IoUteeochleararnp li fiet",the

mosl rommon~ ofacquin:d hcariog loss. Today they form
an C'i'iCntial pan of the audiologist 's to\llbo" . providing a
ll'iCful adjunct to standa rd audiology both for screee ang and
diagnostic fIUTJIOM'S. Unforrun ately, the headlong rush 10
embrace oec-aceus tic emiss ions c by ambitious political and
commercial forces together with well-me aning health 
workers, has driven as the 'new technology' of audiology
aheadofUtcbasic l'Cience.Today itis inwide'T'~ad use and

yet its basic mechanisms arc still poorly lloocrst<M>d

Several years hack l reahscd that the need fur sume basic
research here was cri tical: how could we have full confidence
in using oto-aco ustic emissions to screen all ncw-borns Ias is
now mandatory in some states of the USA ), to a~~ workers
far compeosa tioll damages, to distinguish between simple
hearing loss and acous tic nerve tumours and to suppo n
expensive epidemiological $tUdies when we still do not

understend evenrhe basics of how they are generated. True,
several clinical studies have shown their empirical usefulness,
usually in simple pass-fail scree ning programs such as m pre
lerm nconatal clinics or populatioo studi<;~ but we can have
little coorldence in the more subtle interpretations o f the
various form s of em issions app lied clinical ly. How do we
int~t s~tralchanges intbe clic k-evokedemission,for

eu mple? Can we simply look al such an crnis<iun arHl
con rtdently infer the precise locatien of heanng josa In a
palien t? ArHl can """e accept some of the claims for a
' pred ictive' abiliry fc r oto-ecoustic emission s cr is tbe,,: an
altcm;st r. c C'lplanatioo? r unding from lhe Australian Nalional
Hcallh and Mcrlirn l Rcsotarcb Council has made it possible for
me to make a start on this basic research.

RobcnWithnell, a PhD. student in this lahoralory, and I
starred with the click-cvoked em i.. ion first, Almosl all
research labs world_wide use the commercially -available
system widely available and endorsed by the USA National
Im.titutes nf Health fer use in screening programmes, hut I felt
IIl.1t il ....'31 t"o i n fl ex i bl e for ba sic re~earch. So we put together
our O\IIn .yslem after searching widely for the best sound
b"Cner,don. and microphones ,",'e could find for our pUl"pl>iiC,
and we wrote our own softwarc so that we could \'iI.ry our
experiments as we saw the need . The rest of this paper
discusses some of our recen t findings and their p<.>ss iblc
implications

2, TH E CLlCK -E\"OKJo:I> EJ\.IISSIO:\"
Cum.'1It wisdom has il that a c lick slimulllS sets lhe enlire
length of the basilar memb rane vibrating and thai the
mechanical amphfieris thcn: fore stimlilatc."da lung theemire
length of the cochlea . The emiss ion then results, it is held
from re flection of a small pan uf lhe stimulU5energy from
ilTeb'Ularities along the cochlea; that the vibrat ions arc not
perfect ly balanced along the basilar membrane and some of
the original sound energy, or of the nL'W encrgy from the
amplifier. is sent back towards the midd1c ear to be reco rded
in the ear canal as a delayed cchoofthe original. As such, the
spectrum of the emissio n should contam energy
corresponding only 10 regions of the ear which are working
competently and any spectra l defic its should reveal problems
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with hearing. The problem is that there have been some
serious holes in this argument for some time: for example, the
work of Paul Avan in France showed that high-frequency
hearing loss had an effect on the low-frequency region of the
emission spectrum, an entirely unexpected result.

We started work with experimental animals, using guinea
pigs to study how the click-evoked emission really was
generated. The first work was to use masking tones to inhibit
locally small regions of the cochlea. We reasoned that the
conventional explanations implied that the tones should
function as a local hearing loss (this is certain1ywhat happens
in recordings from individual nerve fibres in the same animal)
and that emissions should be inhibited in the small range of
frequencies either side. In fact we found no such inhibition but
instead found a complex pattern of interactions across the
emission spectrum, sometimes increasing, sometimes
decreasing the emissions (Withnell and Yates, 1998). We were
forced to the conclusion that energy at any specific frequency
in the click-evoked emission could come from almost any
part, and probably from all parts, of the cochlea,

How could this come about? We know that the cochlea is
a highly non-linear mechanical system and if we present two
tones to the ear simultaneously, a third tone may be heard quite
clearly, slightlyout-of-key and at a frequency lower than the
original two. This new tone may also be detected in the sound
field of the external ear canal. It has a simple frequency
relationship with the original two and is produced by
nonlinear distortion generating the new tone as an
intermodulation product of the original two tones. Its
frequency is equal to the frequency of the lower tone minus
thedifferencebetweenthelowerandthehighertone,or2fj 
j,. It is another form of oto-acoustic emission and is known as
the cubic distortion tone (CDT). It is not the only
intermodulation product, however, and a range of other new
frequencies are detectable, at frequencies ofmfj -nf"where
mandnareintegers.

Now, since a click is a wide-band stimulus, consisting of
all frequencies across the bandwidth of the loudspeaker, it
presents many opportunities for intermodulation distortion.
Every spectral component of the click could, potentially,
interact with every other component, each interaction
producing its own range of intermodulation products. If this
were in fact what was producing the click-evoked emissions
then it would easily explain our perplexing 'suppression'
results: simply suppressing one region of the cochlea would
not change emissions particularly at that frequency but would
only reduce the contribution of the suppressed region to a
wide range of emission frequencies. But how to confirm this?
In general, if you want to detect intermodulation distortion in
a system, you introduce a signal consisting of two or more

<, frequencies and look for new frequencies not present in the
stimulus and generated by the system. Since the click has a
continuous spectrum there are no 'holes' between frequencies
in which we could look for intermodulation distortion, so we
had to make a hole in order that any distortion could be seen
separately from the stimulus.

In fact, we chose high-pass filtered clicks, not entirely
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arbitrarily but based on an understanding of cochlear
mechanics. We generated a high-pass filtered click by direct
software synthesis rather than passing a wide-band click
through a filter, so that we could be sure it contained no low
frequency components. When we played this filtered click to
theearsofgnineapigs and recorded the total sound, stimulus
and potential distortion components, in the ear canal, we
found a wide range of additional frequencies present below
the 4 kHz cut-off frequency of the click, and at a surprisingly
high relative amplitude, well above the 60 dB or greater stop
band of the stimulus waveform. The distortion components of
the spectrum were only 30-40 dB below the stimulus
components, indicating a very high degree of distortion within
the cochlea. Several tests convinced us the distortion was
genuinely coming from within the cochlea: first we could find
almost no distortion when we tested the transducers in a
plastic cavity, second, the phase characteristics told us that the
distortion was generated later than the stimulus, by between
300 ms and 2 ms, and third, when we interrupted the middle
ear chain, by breaking the ossicles, the distortion all but
vanished. Clearly the click-evoked emission consisted of
intermodulation distortion at a level much higher than that
generated by our equipment.

When we reported these new results at the Midwinter
Meeting of the Association for Research in Otolaryngology, in
Florida in February 1998, we expected some serious
challenges on our claim, but received none, even from David
Kemp himself who was in the audience.

So how does this new interpretation influence the raft of
existing results on click-evoked oto-acoustic emissions? In
fact it doesn't change a lot of the basic confidence in the
technique, especially in its role as a simple screening tool. No
understanding of basic physiology can ignore the fact that
many large studies have confirmed that click-evoked
emissions can indeed detect hearing loss. If the cochlear
amplifier is not working well in a given subject, then the
basilar membrane vibrations will not be great enough to
generate distortion components and so little or no emission
will be recorded. It is in the more subtle aspects of their use,
however, where the results must be more cautiously
interpreted. For example, Paul Avan's studies are now easily
understood. Remember, Avan found that high-frequency loss
in humans resulted in a decrease, on average, in the amplitude
of low-frequency emissions. We now see how this comes
about. The standard testing equipment generates a click
extending up to around 10kHz, stimulating well into the basal
region of the cochlea, and yet it records emissions only up to
6 kHz in frequency. In the case of a normally hearing person,
we expect intermodulation products from all regions of the
cochlea, including and regions processing the higher
frequencies. If the higher frequency regions, say 6-10 kHz, are
damaged, however, they will generate little intermodulation
and so we expect the emissions to fall, even at lower
frequencies around 1-2 kHz. In other words, the changes in the
click-evoked emission do not necessarily imply threshold
changes in the corresponding regions of the cochlea: they
simply imply losses in some region.



3, ORIGIN OF THE 2/1 - Ii. DlSTORTIO:"l
PRODUCT

The other cochlear emission whic h has become of clinica l
im portance is the simple intermodulatic n distortion
component , various ly lmmvn as the cubic distortio n produc t
(CO T, afte r the polynomial sim plification for it 's
mathematical analysis ), the intennodulation distortion product
(lDP),2f, -f, (the formula for calculating its frcqucncyfrom
tho se of the primaries) and, simply, the distortion product
(DP). It arises as one of several spectral lines which are
generatedbythcinncrcarwh~'tlprcscntedwithtwo,purcsine

waves. The la'b'tst, most easily seen and certa inly the most
easilyheardofthe Jinesis theoneatfrequency2fj- fi · lIhas
been found usefu l in clin ical practice but has the perce ived
disadvantage that it moni tors hearing at only a single site
alongthecochlca. Thebasicmodeofgencr<lli<Jl1,h~ver,is

stillvery poorly understood

Perhaps one of the bigge st mysteries is why this particular
spectral line should be most promi nent. Theoretica lly, its
symm etrica l counterpart, at 2fi - fj , should be jus t as
prom inent but it is only seen at somewha t highcr inteusities.
Des Kirk and I have been studying elect rica lly-evoked
emissions and we believe we know the answer. Electrically
evoked oro-acoustic emissions (EEOAEs) are similar to other
emissio ns but are generated by direct electrical stimulation of
the cochlea. Of course , we can do this only on experimental
animal s at the moment,but it tells us a great deal about the
mec han isms by whic h emissions propagate with in the
cochl ea. We have found that energy genera ted at any part icular
place along the coch lea wiJl only propaga te back to the midd le
ear, where it emerges into the external ear cana l as emissions,
will only propagat e ifits frequency is below that at which the
particu lar site responds best , its charactcristic frequency (CF)
This is not a dear-cut rule, the separat ion is not abso lute, but
there is a very great asy mmetry on the magnitude of
propagatio n above and below CF. The explanation lies,
however, in the nuid mechanics of the basilar membrane,
which analyses the incom ing sound signal into its Fourier
components. Althoog b its tun ing properties are bandpass, its
propagation propert ies are lowpass, i.e., any given place along
the cochlea wiJI propagare a wave so 1000gasits frequency is
lower than the local CF, but the magnitude will vary. For
frequencies above CF, howeve r, the wave motion is evanescen t
and decays away exponentially and, since the physics is
reversible, no energy will propagate as an emission if its
frequency is greate r than the CF of the site at which it is
generated. When we consider me diston ion products, it is
clear tha t the frequency 2f,-fi is always below the CF of the
primary genera tion site, i.e., somewhere between the f, and fi
sites, whereas 2fi -f, is always above the primary ·site CF.

4. CONCLUSION
Ours is bas ic resea rch . O ur day-to--day efforts are nol
immediat ely direct ed to solving pract ical problems o f
audiology. Rather , Yo"eare tlk ing the longer-tenn view, that if

we can understan d the basic physics and biology beh ind the

hearing process we will then be better equ ipped 10 tackle the

other, clinically·relevant problems of heari ng.
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OCCUPATIONAL NOISE-INDUCED HEAIDNG LOSS:
OlUGIN, CHARACTERISATION AND PREVENTION
Eric LePage
Hearing Loss Prevention Research, National Acoustic Laboratories,
126 Greville Street, Chatswood, NSW 2067.

ABSTRACT: Permanenthearing loss due to noiseexposureconstitutesprematureagingof the ear causedby depletionof the outer hair
cell population. Describingit is complexbecausemanyother factorsalso contributeto this depletion. Managingit is stillmoredifficult
becausereductionof sound levelsreachingthe ear is not an adcquatc strategyby itself. Adequatepreventionof any disabilityis only
affordedby predeterminationof individualrisk coupledwith comprehensionof its severity. Otoacousticemissiondata showthat neither
havetraditionalhearingtestsgivenearlywarning,norhas the terminology'mild hearingloss' indicatedthatextensivecochleardamagehas
accumulated.

1. ORIGIN
The cause of noise-induced hearing loss is, by definition,
over-exposure to loud sound. The condition was first
described over a hundred years ago when Dr. Thomas Barr of
Glasgow realised that boilermakers suffered premature loss of
hearing. In modern times the condition is regarded as avery
complex problem. Last year it cost over one hundred million
dollars in direct compensation costs (Macrae, 1998) and
indirect legal costs as well as all the social consequences of
poor communication at a personal level.

The primary factor responsible for Noise-Induced Hearing
Loss (NIHL) is premature depletion of the three rows of cells
in the cochlea called the Outer Hair Cells (OHC). The motor
activity of these cells (dubbed the "cochlear amplifier") is
essential to normal hearing. When the OHC are subjected to
very loud sounds (120 to 130 dB SPL), the basilar membrane
on whiehthey sit can be forced into vibrational amplitudes
approaching the size of the cells themselves, causing shear
forces rupturing cell membranes or, for still louder sounds,
producing complete disruption of the surrounding structure.
In the mammalian ear new cells do not re-grow - the damage
is permanent. Typically the spatial pattern of permanent loss
of cells is related to the frequency and level of the sounds. An
exposure to one-third-octave white noise for years will
typically result inhcavy loss ofOHCofup to one tenth the
length of the basilar membrane; repetitive impact noise can
take out one third the startingpopulationOHC (about 12000
in each ear). This adds to the scattered loss of OHC that
occurs with aging beginning from birth, with the cells at the
high frequency end being more vulnerable.

Recent research has focussed on the many mutually
potentiating influences (McFadden, 1986a; Morata, 1998)
which act upon the ear reducing the population of active OHC.
These include hereditary factors (several lines of defective
genes are being studied) and the protective presence of
melanin in the cochlea (originally assessed using eye colour).
Then there are the acquired defects such as due to maternal
infection during pregnancy, birth trauma leading to hypoxia,
infections, particularly during the first decade of life, plus a
whole gamut of toxic influences ranging from heavy-metal
poisoning, naturally occurring toxins and commercially-

produced chemicals including solvents such as benzine and
toluene (Johnson, 1994) to antibiotics and loop diuretics. To
these we have to add physical injury, due to head impacts and
raised barometric pressure. In the past these many effects
have been regarded as outside the area of interest. The reason
for considering all these "unrelated" effects here is that we
now suspect that all these other synergistic factors (let us lump
them together as determining "individual susceptibility") are
swamping the main noise effect we are trying to measure,
confounding attempts to control the rate of accumulation of
cochlear damage by setting limits on sound exposure. A
second reason the problem is difficult to manage is that we
have no way of isolating occupational noise exposure from
any other kind of excess sound exposure, eg. music exposure
-it all appears to add up to deplete the OHCpopulation.

2. CHARACTERISATION - OLD AND NEW
Typically the first clinical signs of noise-induced hearing loss
are indistinct speech perception, particularly in conditions of
raised background noise, while pure tone audiometry first
reveals a"noise-notch"at4 to 6 kHz. It is generally accepted
that this dip in sensitivity occurs because the ear canal and
drum has a resonance at 3 to 4 kHz emphasising this
componcntofany sound to peak levels at the ear drum of up
to +20 dB higher than entering the ear canal and producing a
loss of sensitivity at a higher frequency (McFadden, 1986b).

By the time a person seeks help for a noise-induced
hearing loss the noise-notch may be no more than 25 dB in
depth, and the person is accordedtypicallya5percenthearing
loss (Macrae, 1998). In traditional compensation parlance the
disability is termed "mild" by comparison with possible
moderate and severe noise-induced hearing loss. Despite this,
it is not the loss of hearing sensitivity that drives sufferers to
seek help. Ironically, the most common symptom first
presented is the loss of voluntary ability to distinguish
between sounds of different source location or frequency,
particularly under conditions of multiple sources,
reverberation or moderately raised background noise. There
exist audiometric tests for cochlear selectivity, which is
essential for voluntary selection (both pure tone masking and
speech in noise tests). However, until now this initial and
significant form of hearing disability has not only been too
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time-consuming to test, it has been still harder to describe in
lay or even legal terms.

The inherent difficulty in raising awareness of, and
preventing the most common form of hearing loss is describing
what the average person wishes they had avoided only after the
symptoms of loss ofsclectivity developed. Yet there is a
simple experiment that any person can conduct on himself or
herself which we suspect better describes hearing loss than
simply reducing the volume to mimic loss of sensitivity. Turn
on the radio to a talk program and have the volume at normal
speaking level. Now try to hold a conversation with someone.
Next, tum down the radio and experience the relief. Finally,
turn it up again and imagine the frustration of never being able
to turn the radio down in situations of such conflict. Hearing
loss is so subtle and so poorly appreciated because the nature
of the complaint is qualitatively no different from the
experience of a normal-hearing listener. We learn from birth to
wait for a gap in the conservation before beginning to speak. It
is not so much that competing sounds are "masking" what our
listener is trying to "hear", it is more the case that once the
signal-to-noise ratio drops below about 10 dB (where here
"noise" is defined as any signal we are not interested in) even
the normal hearing listener doesn't cope too well. However,
once the active aRC processing power is degraded the central
task of voluntarily selection is disabled. Theonsetofhearing
loss is so subtle because qualitatively things are the same as for
the normal listener. Quantitatively, however,thepresence of
competing sound affects the damaged ear much more. For the
person with a problern with selection, if they cannot remove
the competing sound, such as trying to "hear" in a crowded
room, they cannot cope.

The important question investigated at NAL since 1989 is
whether the otoacoustic emission technique can provide not
justa fast objective measure of hearing ability (LePage etal,
1993), but yield a parameter which better indicates loss of
frequency selection ability than behavioural tests. Otoacoustic
emissions being objective, there is a good likelihood that they
will indicate loss of aRC function as a general slowing of
cochlear activity, Further impetus to test this idea came from
an animal study by Altschuleret al (\992), in which it was
shown that while the inner hair cells and just one row of aRC
remain intact, hearing sensitivitycanremainnormal,which
suggests that the mammalian ear uses redundancy, or excess
numbers of OHC to cope with progressive aging of, and
damage to the hearing organ. Sinceaudiometryisanuntimed
test it gives absolutely no indication that the loss of aRC
amounts to a significant reduction in the rate of adjustment to
sound level. If such redundancy is demonstrable in humans
then a possible correlate maybe the net level or reduction in
the rate of activity of the outer hair cells before symptoms
present.

A transient otoacoustic emission is the soundre-emitted
into the ear canal due to an incident click. Important to this
endeavour is the understanding that this stimulus is just large
enough to drive all aRC into saturation. The 40 us pulse
delivered to the earphone generates a click, which is preset to
80±1.5 dB SPL peak. Kemp has shown that this level obtains
a saturating response suggesting that the net emission power
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should reflect the remaining number of active aRc. The
resulting emission is typically 0 to 10 dB SPL and so signal
averaging (sample period of40 us, duration 20.48 ms) is used
to improve the signal to noise ratio by 24 or 30 dB, taking
about one minute. Also because the click response will be
determined by the characteristics of the external ear and
middle ear as well, in the standard protocol, a method of
differencing is employed such that clicks of two different levels
are used and any linear component of the response is
subtracted away leaving only the nonlinear response due to the
level-dependent change in outer hair cell activity. Also
alternate responses are summed into two arrays and the
reproducibility between the final averaged waveforms is
calculated. If the ear has a fast recovery from the previous
click it will respond with high waveform reproducibility (a
correlation coefficient of 1.0); if the ear is still recovering it
will respond differently and the reproducibility will be lower,
towards zero. Itturusoutthatthisparametercanbethoughtof
as speed of recovery or more loosely, "reaction time".
However, being a bounded parameter [-1, I] and non-normally
distributed, the waveform reproducibility is typically used to
weight the sound level of the emission so that the net response
isasoundlevel. Inourexperimentswehaveusedaparameter
Coherent Emission Strength (CES dB SPL, which is the
average sound pressure multiplied by the square of the
reproducibility) to quantify the average reproducible (or
coherent) component of the emission sound level. Test-retest
variability for CES is ±4 dB SPL (Murray et aI, 1997).

By comparing strength of the emission with hearing
thresholds for the same frequency range (I to 4 kHz) there
should be a range of emission strengths over which hearing
sensitivity does not change. Figure I shows the results ofa
study of 505 ears (LePage and Murray, 1993) if the strength of
the emission is compared to hearing level for the same
frequency range (1-4 kHz). It is seen that most cases of
hearing loss are on the left side of the figure for which the
emission strength is below some critical value (LePage etal,
1994) less than 0 dB SPL. The notable exceptions to the
pattern, points on the right side of the figure, were cases
subsequently confirmed as belonging to two categories: those
with a hearing loss which is more central in origin, or those
from individuals who at first did not correctly indicate their
lruethresholds. Naturally the figure docs not include points
from newborns for which CES values have been recorded up to
38dBSPL. The complete picture including neonates suggests
that there is a range ofCES (about 80% of the total) for which
the hearing level does not change, supporting the notion of
redundancy in aRC motor capacity. This suggests that there
is a period of accumulation of latent or subcritical damage
during which a person who has had occupational exposure for
some years may not be distinguished audiornetrically from one
whom has led a noise-free life.

In tum Fig. I may explain why in the new standard
(ASINZSI269:1998) emphasis upon monitoring hearing
thresholds in occupational workers has been reduced in favour
of higher attention to noise-level management. Regular
hearing tests not only provide no early warning, they
essentially do not measure the .parameter which most



e-_Of.-.-....,_f_I_SI

-"r~-

Ifl\1l"'~t~f¥'!ft\!:Il!'P;~':'::~·=-';1C:c.
as ~dB SPl) (1" _H:l

Figure I. Con,pari50nof behavioLlral andobject;w me"""",.
of hearing for SOS caJ!i.Theordinatc isa 3freq llcney averngc
hearing level (al 1, 2 and 4 kHz) a. u.ually ploued in
audiog1'llm, versus frequency. The absci, ,,", i. Cohell'nt
Emi.. ioo Slrmglh tCES dB SPL) - a musum"""t or the
Il'pulll""ible rom""""nt of JlO""CT of lhe eliek evokcd tmiu ion
Thcbcavy 1inc ~ndtquUCsymbolsrcpresentlheme.on v:aluc: of
Ihc bearing thrahold . for lheappro priale Sd l:lband of CI'S
""lues. Thc dashedline.reprcscm ±I5l .ndard deviltionabout
thooeme"" ....l~

represents the disability - loss of select ion. Our estimates
suggest thai a S percent hearing loss (Macrae , 1988) may
eonstitut e in excess 0( 110"10lcs s of omer hatr celts whilc a Zn
percent hearing loss , the mos t ever typ ically presemcd in
ca ses of com pen sat ion for noise- induced hearin g los. ,
represents almost IOlal Ion of OHC processing power,
certa inly thc case for frequencie s above I kHz. Theadvcnt of
the rapid, objective, non-traumatic otoacoust ic emiss ion lest
d early has highl ightcd the inadequac ies of tra ditional
approach cs lo OlXuJlalional ooisc-inducedhcaring loss aoo of
compensanon essces.

Whil e many hundreds of sludies cond ucted using
Tran sient Evo ked Emissions (TEE ) have concern ed
themsel ves with necna tal screening, Narelle Murray and 1
have been quest ioning why the problem of noise-ind uced
hearing loss is inhel"!:lI\ly difficult 10 manage and have
proceede d 10 separate the norma l aging effect from any
accelerated aging effect . Webclieve theotoaco uslicc mission
results have again shed new light

Using the more sensitive technique has revealed that
population variance in emission stret1l(1h is huge. Figun: 2
shows a scarier plot of CES for teenage andadull subjects
between IIw:ages of 10 and 60. Tbesedata ""present llte
largeS11111nsienl emissiOl1databasc(203gpcople,p;lthologka l
cases removed) so far presented in the literanjre. AI any
particular age, !be range or emesion strengths is abou l 80
percen t of the tota l span of40dR. The highlevelof scatter
implies that the re are significa nt addi tional sources of
variability never previously seen in otcacousuc emissio n data,
or allemative ly discounted . Of immediate concern is that the
scalier repres ents a problem in the measurement tcchniquc

Acoustics Austraha

(sU(hasvariabililyof lra11smissio nl hrough lhe middleear)so
that thc wriatiun is nOlduc 10 varia tion in OIlC motility (for
whatever cause ). After nearly a decade of study at NAt~
su.~pcct that the scatter in the se results im spective of age is
real and 11<.11al1ribulable to some form of measurement error or
misint erp retation of the origin of the emiss ions. The
variahilit y is more likely to re flect some individunl component
of the OHC response such as efferent involvement in the
determina tion of suscepebilityor maybe systematic variations
in eond it ions of coch lear regula lion (LePage , 1993).

Comparing Figs I and 2, if subjects with emissio n
strengths below SO!TICcritical value are more suso..'l:p1iblc 10

acqu iring a hearing loss lhan lhose with lIery ltigh valllt.'S then
the scaner indicates that many young people are at immincn t
risk of hearing loss. Also since Ihe relationship in Fig. I is
monotonic, _ suspect that any lowering of emission stren gth
represcnts increasedrisk. Indeed we have s1udicdthc llpparent
dip (Fig. 2) in The values in teenagers and young adults with
norma l hearing (Lel'a ge and Murray , 1998) and conclude tha t
despite IIw: scalter, there arc highly significant effects of
certain kinds ofn ui<eexposure such as personal stereos. The
sloping linesshowtheTeSnh_~ofa l inear regrcssionfor leftand

right ears sepa ratel y ( left belo w right ) and indica te a
significant d«lillCwith age. Ou re urrcnt studiesalsoi nclodc
a cohort in whom we are trackin g both TEEs and pun: lone
audiometryfortonfinnaTion.

The interp ret ation of the scatte r (Fig. 2) we arc
invest igating i' lhat iTrepresenL. high variability in individual
,usCl:ptibility to hearing loss due to tbe very many synergistic
factors mentioned in Sectio n I. These must be taken imo
accou nt in any trend analysis in whicb the independent
variable is aginl! elTect, or noise eJ\posure, or elTcct of TUJ\ie
substances or head inju ry and so on. Althou gh our
longitudinal epi demiological stu dy has made several
a.ssumpt ions, our dala SUJlport the notion of redunda ncy of
OIl C fuoction_ Since mamma lian O tiC do no! regeneralc
when permane ntly damaged it would almosl appear that , like
many OIlier Syslems in lite human body sUI;h as thai involved
ininsulin prodUl;tion. thccv-olutionary process has arrivedala
cochlcar structure with conside rable excess capac ily. We
appear to have many more O!lC at birthThan we 1I« d to hear
nonna lly (OTin terms of the cochlear amplifier hypothe sis,
than we need to mainta in adcquate gain] so we can affo rd to
lose the grealer porlio n of them before any disability i.
evidenT

J . PREVE~TION
Prev ious Aus tralian Standard s (eg. ASI269-1970) have
~pcci fied three: basic aims: I) reduce the level of the noise
being produced by mach inery or enclose il 10 keep the sound
inside tbe enclosure. 2) if silenci ng is not possible 10 an
acceptable level then red uce the level of noisc:reachin g the ear
drum withobligaToryheari ng (In.,tectino devices (car muff s or
ear plugs)and3) morutor the heari nglevcls to idenliry those
at risk for noise damage. Until re<.:cntly mo. t efforts 10 limit
liOundexposurcs have nOl heensupporlc d by convincing
evidence of e reduction on numbers affccted tgoys ter, 1993).
\o\lty'! Is it simplya problemof more elTectivelyenforcingor
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Fq """ 2. A ICMl<lrpIolofCobernll: EmiMioD SIJ'eD&tb .. a
function "f aS~ ", the l i mc of nooonlins in. populalioo or20 l8
pevple~Illl 00 currenl bellli.niproblem.. kft and ri~hf

e.... _ The rqrnoioo I..... indicale a ~ighl bo.d lipirlCUll
d«line ,..,nu•• •ge{kft bclowri ghll. ~irnp>rtam fellurn art

thc !llJl'll\lllly large ", all'" in ~al"". "femi";OII .trl:nl\th .nd lhe

flll:! th.t ""~;nllll,......lue. can occUl'al any age. ", l1«li nll hill1<
riokforhearin s oo

fIl{KiV.linJ empl~rsand work<:tS toc"nformlOguidc l i ne,.

Ol' i,thefea~basic ~l5OII?

The key 10 It.c: su<:teU of any j'll'e\"'elltioo prognm is carly
warn ing. In the past behavioura l hearing !e'Sll soch IS pu~

tone audiometry _~ lhe only _y of lOOllitorin l! hearin lJand

wtrcmJ the inherent probkm of Ir}'inll 10 ese lhe ~
parwnctC'l' boch as a measure of disabilily and .100 as •
JlKdiclOT for tb.al d.isa bilit y. We ,"""" . ppm::iale that
be haviounl Inb Nove provided no ea rly .. ami ng.
ACOOfdingly. the tille of the b lest A~i.iNC'* Zealand
StmdanlAS!NZ1269-1~8 has beenITIIoUI1Cd~upational

NoUe p,.~ 10 ~Oed llw _ nnptwiJ i , bcin&
rpveu lorod.ucin g..-.und.hebalsource llldlns~h.uis

givm 10 lho: monilOring of !he onset of hnrinl lou by
~ionalmeul.. but ~tbeuse of Oloaooustic

cmi~ionf; inthe futuroc .

Therationale of lhe new standard. wntinues 10 be bued on
the logic thM limiling lhe peak sound k\iel , in the IWrl:p1ace
l\.lIy frotn L_valuesof 90 dB IOSS dH SPL musl limit
workere~f'l>'W~ and lher~fore should produce . red uClion in
the iocidcnce of Nlll L. lt i s too soon,h('/\\'CVCT, to k'lIi f l~se

lat....u meuures 8Jl: effective. The basic prino;iple ....hich bas
guided thetrade-offbetwec:nllCcepta blelO undll:Vel.and time
or exposure dares trornsh e so-called Eqe al Energy Hypothesis
_ a 3 dH il'lCT'e"" in sound level equa tCl 10 hah 'ing the
muimllm duration of exposure , !he: point of reference now
bemg an L........ ofllSdH. 88 dH equa k, lo a 4 hout limit and
so on, louy. l lS dD al whieh level the ru le limits u po:sure lO
less tIun a minute , SetintheCXlllICl<t of lhedi!K~iD

Se<:tion 2. we c. n see Ihis tradi lional rule is import ant for
rroteo.:tingthebulk ofthepopulation.but it may do lIerj Iinle

6O- VQl 26 (1998INo.2

for the most suscep tible people. Withou t them being
identifi ed and wyekd for spec ia l allention lbey will likely
sti1lbethe fi l'lt in any program to sulfer abc:aring Ion and
so the ir managernern program will appear lO be iaeffective,
whetns it is only ~.kinlJ down by failing lO deleC1those
most al risk .

M och effo n has else been upended on obuinill& an
adapwe method of Rlin g 1Ieuing prol ettors 10 W I the IypI:

ofdaicc can be IIIaIclledto the appIQlion. not jos bow Its

rating mu5l depend upoo bow !hey are WOIll in pmct~ but
takin g imo acwunt ....... ~ty the rating D1U..t be dcgradc.-d
foriDtc:nn illrnt uw-.8«alliCof ll'eDlelldou$variabihl)'iJl rca l
ear aneou.&tion. lkbatc (XJlllJnUt'S ti 10 !be bcsI: method o f
rating themso1l'lat .. leaslmost of the population of useB ltal
their hcarin S protcctcd. Tbe predomiIwJt ntin&: mcfho:od in

. AUsln iia "o. nin..... u lhe so-called ""SLc. w
_ • 110m""'"

~real-world"' value of anenuatioo 1l'Ia1 derived f'tom Ihe
pioneering.......-it of Dick Waugh at NAt.. Thi5rnetOOd of
rating it desi gned lOlIem huring loss by protCl;ljng Ihe bu ll

of lhc noise -o.J'tI"Cd_rker population. but our coecemher'e
is for workers ....bo may alrcady be rn..stat ris1. -in Figu~2 .

tbose ",ith cn ticalty low em ission JI~ngths. The tradition al
approac h may DOl do much for pn'liC'n 'ing I~ir hearin g
because worker, ....hoS<;o n e proce!>Si ng power is reduced
may be lhe very peuple who feci theif immediate need to hear
is bein g comprorniocd fun be. by lbe wearing ofprolecton. In
addition Ihe ootion of redundancy means that any measure
designedlO~duee lbe inciJ""eeofoeeupation.al bearing lo!iS

may no! be manifest fer dttadn. We are theref..re opIimmic
tha i the OIoocouatic eml lSion approl'lCh may be an important
adjW1CllOhearing CXlll!KTVIIlion strlltegics .Clearly _ncedlo
COIItinuelOreducc:oo.-enll ratC' of accelo:ralCddepletioo of the
oue populalioo by reduc ml aound 1C've1s. fully reah si"llbat
irrnpmi" e of lhat measurethe mosl suscepl ible people will
stIll hlely be outl ideltlal leYel ofcornrol.. Hmcc _1R'
1HJI'1cing toowvdsa _ _ qy for adoption sornetime in !he

,,""Mlllennium.\\'e advoc:ale . ~prongedappl'UKb,l )kt

reduce IOWldIc-.els.lhuaprOl«linl the bull<of the popub.tion
~21 1ointrod..cethe lllOR' semitivemcthod of-Wn&lhe

1~'elof redundanc)' inOlle aetn'K) providinl!lhe ear-bihty

ofu:sing limiled~to~e1 'M:ldera most at ri .... in
plrn ly of time for all concmJcd 10 consider all the career
cl\oleC$still _ ilabie lOlhm\.

4. SUMMARY ,
We Ita"e shown that individ ual susceptibifuy ma y be
hampe ring QUf elf 0"1 10 Ihow that indumial he.ri ng
conse rvatio n prllgram~ arc \won hwhik an d we shou ld
oonl inuc 10 push for reducl iOllof noise levels. Hcwever.jt is
unrealistic to O'~pcct 10 ..... an.e tfect except in the lonll tenn
using behavioura l meuure~ such as audio metry Refinement
of tho:rKW objec tive techniq ues such es oroaccustic erni" ions
may providea bener Nondle on rearly warning in lenn s of the
noIiOll ofasxs~ingcochlearmlundancy. If th;, ncw~b

canevenluallybe u.'lCdwith moreOOltfidence toqu~tifythe

popu lation ofOliC in u:y e:u' iI is possible 10 conce ive it may
be used as. g<'I'lCT&l lcr~l'Ilnl!: tool for early dctmlOl"l l ucb u
has hem app lied 10 early ",arning of glaucoma . Finally



reseerch into ucise -indcced bearing loss is leading to some
excitin g deve lopmenl S hom in basic hearing scleflCt' and in
practical rleld slr.llegin wh ich may even tu ally Subst 3.JIlially

ch3.JIgc lhc: incidenuofpremature heari ng loss.
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AN OVERVIEW OF RESEARCH ON THE
EFFECTS OF NOISE ON ANIMALS
A. L. Brown and S. Raghu
Faculty of Environmental Sciences
GriffithUniversity
Nathan,Qld4111

ABSTRACT: While there is recognitionworldwidefor the need to assessthe influenceof noise on animals,both in tenns of ecological
disturbancein the wild,and effectson stressorproductivityof dornesticatedanirnals,limitedresearchhas beenundertakenin thesefields.
The paperpresentsan overviewof thisresearchactivityandthe contcxtsin whichit hasbeencarriedout.Muchof the literaturedealswith
thc impactof militaryactivities,seismicand otherexplorationactivities,and transport. The paper identifiesrelevantAustralianworkin
the field and identifiessomelimitationin currentworkand avenuesforfu rtherrcsearch.

1. INTRODUCTION
The effects of noise on humans have long been recognised. In
contrast, the effect of noise as a stressor for wildlife and for
captive/domesticated animals has received far less attention
[I]. Animals depend on acoustic stimuli for communication,
navigation, mating and foraging functions. Research into the
effects of noise on these functions, and the effects of noise on
overall disturbance to the individual animal, the habitat and
the ecosystem in which they reside, is important for wildlife
management, formanagementofantbropofaunal conflict in
areas such as tourism and aviation, and for sustaining or
maximising animal productivity. Research into the effects of
noise on animals has also been undertaken for the purpose of
extrapolating the results to humans, particularly within a
health context.

This brief article provides a sketch of the body of research
activity in this field, illustrates the different categories of
research undertaken, introduces the reader to the published
Australian work in this field, and some work in progress.

Most of the work on noise and animals can be placed
within the four broad research methodologies shown in
TableI, These methodologies include studies based on field
observations, and both field-based and laboratory-based
experiments. Much of the literature reports research based on
field observations, and while this has provided valuable
insights, the absence of any control over the acoustic stimulus
and little other than gross measures of response (for example,
observing gross fly off, or observing "no visible response")
means that these studies have little chance of replication.
Field experiments, controlling the stimulus, and/or making
detailed measures of response, are extremely difficult to
conduct, and this presumably explains their paucity in the
literature. Laboratory experiments are far simpler, but of
course raise questions of applicability of their results in the
field, particularly given the complexity of the ecology of
disturbance discussed below. The fourth category, in Table I,
while not measuring effect, provides critical baseline studies
of natural acoustic environments in which organisms live and

against which measures of intrusive human generated noise
can be assessed. For example, Cato [2,3] has made significant
contributions to the understanding of the acoustic
characteristics of the marine habitat near Australian waters.
His studies provide a setting within which biological effects of
marine acoustical disturbance can be addressed.

Table!. Researchmethodologies

RESEARCH POTENTIAL
METHODOLOGY EXPERIMENTAL

TREATMENTS

Baseline acoustic
studies

2. CONTEXT AND MANAGEMENT
IMPLICATIONS

Research into the effects of noise on animals has been in two
major contexts: animals in the wild, and captive/domestic
animals. Table 2 indicates the scope and areas of management
implication within each of these contexts, and cites
representative research studies. The examples in Table 2 are
by no means a comprehensive survey of the literature, but
provide at least a starting point for readers interested in
particular situations. Australian studies are indicated in Table 2.

Research on the effects of noise on wildlife (and to some
extent on captive/domestic animals) needs to be undertaken
within a theoretical framework of the ecology of disturbance
of animals as illustrated in Figure I [40]. This framework
incorporates various existing ecological models for concepts
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eatthq uakes). In the context of the ecol"l!:yof distllrbancc:(40]
thcsc: data providea descriptionofthcacoL1.'i tic habilat
characteri stics. He then reviews the potential disturbance
~haractcristics, seis mic s urvey sounds, and goes on to
comprehensively dncwn ent thc characteristics of marine
organ isms ~nd their various li fe- h istory strateg ies wh ich make

them more susceptible to impacts res ulting from noise
exposure, and reviews the pat hological and hehaviourul effects
of seismic exploration noi se amon g the various taxa
McCaulcy [19) defines various zones of inlluenee of marine
acoustic disturba nce that include audibility, ma sking ,
h<:havioural respon se, avoi dance. pathological effects and
lethal effects. A zone refers to the radius from a point source
within which organism s exposed are susceptible to a cenai n
effect. Under each of these zones he addresses the dfecb on
variousmarine fauna andidentifiC!luiSling gapsinlhe
knol,"ledge. He also ran ks the sign ificance provid ing a
framework for the effects of noise as ecological disturbanc e,
and p~nts the long term implicatiOfL~ ofsei.mtic explora tory
aclivity and a template to 3.'iSCSS noise effects in marine
hat>1tats

The stttdy by Brown 18] was carried out 10assess potential
impact of aircraft noise on seabirds . Almost all stud ies prior 10
Brown [8] wen: underta ken on birds that had prior exposure.
thereby introdocing thc potential issue of habituation to noise
stimuli. Furthermore a majority of these studies used stimuli
that were either part ially con trolled [5, 27, 41] or used only
gross measure of response to assess the impacts of such
stimuli [5,7. 18]

TMhIf 3. Elp ..rlmeot. ldnlgoa ndn1ulls.ll ..... n I8J

-,---
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"'PO'"(O«j ......
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Research by Brown [9) provides a baseline study on
influeoce of airo::raftnoise on a seabird colony that had no
prio r exposure . Care was taken to present D contro lled, but
variable. stimulus 10 test for habituation effects, and to
measure a range of behaviouralr espollSCS. Details of the study
are summariscd in Table 3.

This study brough t to light key factors that further research
in this field must observe:

a) The acoustical stimul us to which the organism is exposed
has to be conrrohed/ measured

b) Observ ations or response have 10 be recorded on film to
capl ure a hierarchy of responses (direct meas ures or
physiological response , for which equipment is now
available. would bepreferred )

c) Baseline information on previous ly undi stu rbed
individuals or colo nies is required to a-artain the
significance of lmbituat ioo TOnoiseexposure

d) Research needs to be directed at <UcerTaining the
ecological oonsequenccs of animal eKJIOSure.

Other Austra lian work [29. 30, 3 1,3 2] has beendirecte d at
the use of sound to scare wild animals away from primary
productionactiviti". This is pan of aconsilk'rn blebodyof
worldwide literature [28, 33] on this commercially rclevant
topic. The work is directed primarily at birds feeding on
agri culture and aquaculture produce.

The Hu man Impact Resea rch Progra m, within the
Australian Antarctic Division, current ly has work in progress
to quanti ty the effect of helicopter noise on Antarctic wildl ife
1M. Giese pers.com ). The experimental work has been
conducted over two field sea-sons IVith wildlife respon ses
measured by vidC'Olaping changes in anima l behaviour and by
ulilising a range of phys iological monitors .

Thert\'~ literaturealiCI includedreports ofa wildlife

incide Rt on an Ausrral ian sub- Antarrti c islands wI1i~h could
relate 10 an aircnft noise stimulus. ROlDlSel-ell and Binns [16)
and Woodsd al 117] reported Ille discovery of approxima tely
7000 dead penguins at Lusitania Bay. Macqnarie Island in
1990 The mass dea th:!! this breed ing colony of kin g
penguins (AptenodytC'S patagonieus) result o f
asphyxiation probably resulting from stampede 'Ibe se
aut hOR hste d po ten tial ca uses of the stampede to he
harassmen t by natural enem ies. seismic activit ies, unusual
\Wather events or anthropogen ic disturbance. However, the
overflig ht of an aircra n flying to the Austra lian National
Antarct ic Research Expedition s station, which was known to
have occurred before the discove ry of the stampede deaths,
was specujatcd to be the most likely cause of this event . As
these reports were based entirely on field observations after
the discovery of the dead birds. and after post mortem
exammauo n, it must be emphas ised that the cause of
disturban ce must remain specufanve. However, the authors
still advise caution in allowing aircra ft to approach breeding
colonies thaI have had no prior exposu re.

Tbere has beensome Australi an laboratory '11m .Kiernan
and e ranne)' [37] examined the inlluence of an immediate-
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startle snmelue on the frec,ing n:. I'vnllt in Wi, tU TaIS und er
Jabor.llOl)' wnditions. They found lhat a oontrol kd sta rtle
stimul~ o f 117dB (SP L. 2OmPa) amidst a ~kground of
whit e no i", (7OdR Sr L, 2OmPa ) fo r 60s failed 10 el ic it
fre ez ing responses. Robcn ilOn and And enoo [n) exam ined
!he cochlear modulalion of d ie drafening d fe<.:Uof loud sound
inguineapigs.Theob~iv<:ofthlistudy .. -as lo prov ide an
und erstand ing o{ cross cochlellr pa lh",'a)'1 in Ma rinI
physiolOS)' and a l obsc:qur nl o:ll.llllpola lion O{IM res ults 10
physiological eff r('ls o{ OOiK on humanhearin, . Within ee
t:beoreticalframr.Mwlr.ofdi~.thnc:~inadlftsslbe

effect of a haurd 00 1 of the oonlexl of lhe target orpnisms'
habi tal . Howe ver. lhe y potenl ially provid e insight into
IOIerance 1rveb and be~oo~l l'QpoIIKIlO acouslie srimul i

andinlOpltmlwrrsporueilllhellli\d,lhougbthit lll..,notlhe
imtnedIatr ot,eeti-'Cof 1M uudin.

4. C0 1\iCLUSIONS
The review o{ tIle !iterah.lTe indicak1 that AINnIIlIl "'OfI;. in
Ihis;an::aisspaneand sroradic;llhoo,h clo$eexantmllion of
the I'Ckrrocn cited by McCauley (lq J 5lIggftU Wt~ is
considtnhk illforma tiorl ..... ilable in unpublished documenIs
and govnnrnmt 1'l:JMU). Muc h of the li\Cnlh.lte deals wi th !he
impact o f rniliUr)" adi-. 'illcs . seismICand 0Ihcrapkntion
activities and the in~ of~ ecee, Inn UomOe' of
no ise on the effect o f teue..lria[ animall i. re la livel y
IITIM.plored.A study is KqUired for ICITntJiaI habitat$..dealing
lIIith amme.. IlOtse IeveI1 and acoustic chanctaistK:s of
terresb'ill fau na and poIenl;a1 r~ses 10 K OUStlC

dil'lurbancc _HIJlOIl'e\'CI".lhesrnallcrll't'Uoftrlll:5trial habiWs.
andlhehmned dlstnbulio" ofp~slyundisturt>Nregions.

makc:s AIChbasehnestudicsdiff~u1t

DitrlCl.lhin mrqllic.iltlioao f Irx~b mto effects of noi se
on animals is KCCIllUaied by the use of lIIlComrolled snmuh
and Ihc:rrlell-WTmICIII o f IlroM r"polI,", Thoughno;:h studies
are usefu l as pikn. crit ical namination of a particular
n:spoIIIClOaPft'-de(lTled stimu lI/..' is vita l fur li.dun: noi~
TI"IOINgernCQ(. Intmllliona lly. \-ery f~ studi es in thi ~ fie ld
ha\ edesigncdexpcTimcnlJ ....ith a level o f precision thaI can
identify a lhres hold iIIimlllU$above....hich the WiCl aninu l is
likcly to upaXnce dClrirrlelllal e ffects. Hlib ilUalion to ooise
cou ld ena ble aninuls to increase IOIerano:e hUl. ill WIth
humanll, anecdotal evidence of hallit Ulllion is inade quat e, and
will need 10 be prrwcn by approptiale studie s. TIle influence of
habituation. andO\'C~n lokranceloacousllcdlsturbancc,arI!

areu that require furth er invesliplioll
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Proeeedin p,AOOUSIicaISocietyofA ustrali.,(I 'W4)

40 K. Hu loman. Biogrog"' phi.....1 Ana (I'S" of -'tabird S/HC""
,,"~iIfg in COIUI s... aM (lw<¥",/a"a ....ten . Quee nsland
1lt('taMmt-rllof F-nvironmenl. Quteno l.n d. (1<XI7).

41 J. BUll"· M~hayioural '.~pon....of herri ng gu U. Lam s
aJEerI!lItuSlOaircnln""i~M,E"...;"",,,,,.>tIalPt>llwlion(SeriesA}.

24.1 77- 184. (198 1).

FOR !iALE
anOEL AND K.JAER

NOISE DOSEMETER
Type 4436

and Sound Calibrator

( ontllc t: Rl chm"d VDfl Br ink

p~ IDi!) eeaa ~67

&
M~~~'~
VIBRATION
ISOLATION

Matrix Industries Pry. Ltd. patented wall ties
provide structural support while reducing
transmission of structure bome vibrations.
Resilient mounting systems are available for
all masonry and plasterboard walls and
lightweight floating floors.

Matrix Industries products are reducing
noise in studios and theatres throughout
Australia

Enqul,M and5ale.

MATRIX INDUSTRIES PTY LTD
3 RICHAR DSON STREET, TAREE NSW 2430

PH/FAX: (02) 6552 2206
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BINAURAL HEARI NG IN MUSIC PERFORMANCE
The perce ption of mus ic is bina~ral . two ears
work ing toge ther, and most or ille ", •• arch

thcn.10 uses binaural hearinll. unlike lhc
monaur al as&essmenl procc .. for thc health
o( hearing. AI50 muslcpcrcep1ionmlCafch

s~lyolopSalmusicpen:eptionanddocs

Il<'I venlUn:;lIIO!be production a fmusic.......
BUI the primary ok """,! of IIlllsi.
performance funetiQn is Ihe prodlJl'tionof
sounds by voice or musical inslnun cnt. $Olo
or in re lati on to otl>erinst rument s and vo ice.
Th is within certa in variable limih if the

musH: is to obey the need for suc h ... form,
pilClI, inIOn.aliOll,harmony, .n~mble,rhythm

and liming

The possib ility of noi~.induccd hearing
l'rom music expos ures n:ma inl lhe princip,al
object in look ing at music ian. heari ng
1e\'c1s. ResearclIhas iibownmu.iciansoftcn
exhibit less lIwI sl>-Caned 1KlI'TIllI1 hearing
result ing from many d ifferent etiologies ,
be side Ihe effe<:ts of I llinll. ca lled
p=bya.:lISis . ForprOClil inll prof"".ional
mu. iciami. particularly ol~r perw ns,
mon.ural pun. rone audiometry often
u hibi" linle KllSitivity for fr«jllt'ncin
,bow 3 Of 4 ~Hz. Also the ,udible
frequencies aresome1lmc:s~in_

ee even bo th ears. Ahhoughlhelw'mrJnic
sttuetllfC ofmoston:oolJ1llill'trumentscal1
euend as high,s 15 kHz, funda mcn lJll piteh
rouge. 1i ~ below abo ut 1.1> ~ lll, perha ps a
rcdccm inll fca rure

The rangeofhearing~vel .formu<ician.C3lI

'1lJ)' ecm tile most unusua l ease of b-e/yD
Glennie, worl d f.mollS ~n:u~ioni.t.

cornpletcly dc'fftomc"'ly l....IU, IO yo unll
I"' rso n. "'b"", b;-.. rin3utcnds as bigh as
20 kHz at audiomctri c zero. Whal thcn.l't'
bca ringcriteri'lO e.<tabhabperf<>nttanCe
abilitie. ?

Ik tail, o f measu red hc:arinlllcwis of many
mu.ician. , ugge. t. it i. difficult if not
im possi ble to mak e predic tion. abou t a

~ni:abi lilytopcrformmu.icontlle basi.

of the informau on dt'riwd from puR -ton e

audiometry Of OlOaCOUsIic emi.sion testing
10 determine fnidualllcarin3 . Indeed the
as.seo.sment by 'lJIUOic ian 'speen.. li,1eneTS.
sound rccord i, t and muJic crit ic appcar to

rcmai n thcfinal arbi tm t>ft hcintegnly of
mu sic perfonn ance. Addit iunal1y, attempts
10 quanli fy mu. ic perfonnanee by
mc ,"u rem ent present . d iff iculties in
application ther oto , . inc e variab ility and
illConsiotcneicsu i.~though the musical

and cogn itive Ii~CI. may oalisfy all

"""""'"
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Prelimi nary reoearc h at Boston Univel'5i1y
Hearin g Re, olll'Ch Ce nler during June 1997
was di rec ted 10 es l imate the degree o f
hcari ngch .n gcsmu. ic ian .maysustain, frum
any et iology. beforc pcrfo nnan ceappeal'5
affectOO.ortbe dcgree of bearin g irnpa irmcn t
''''''' ,",,_~ bccomcs stm;sful lo lbc

p1aytT b pcri mcn ts may dctcrm ine sucb an
estimatecsocnti.lllyindi\'ld\al.Ofm estimat e
Ihat is ~ onlyfor .d..... of illStn.Jn>ents Of
vo ice, or an CI'limate of general app licat ion

Pr acti. ing mu . ic ia ns o f widc ag e range in
and aroun d Bo. ton, so me fro m Bert:l....
Coll ege of Music, W<:rc e nl i. tcd 10 take part
in music performa nce nperi ment .
Conducti ve lIean nll loson W<:le induced
... ing ear rnufft 0>1... one and bo th ea~

"oiscma",kin, ofhigltcrf~u('Qci.,. above

4 kHz ~ , Iso used to sim ulatc
sc nsori ncural loosc•. A1l sc..ion .",'C'fC
"'""'" ~, _~nts and commcnli
mad o by plO)ftS

Audiog ram. nf eac h player indiealed a
v:uietyoflleoring lcvc ls, bu tthisinforma lion
gave 00 indicat ion of pcrf onn ing upcrt i. e
for "",,-experimental conditio"" , In fll;t
ad ded bea rin g imped ime nts, alt hou gh
.""••fulto pla)'e",didnotappca rlo
malmally imp,air performance. II ......
. ign ir.ca nt tbat pl3yers of ...-ind insttumcnts
found incrc&>ed. 1Te.. bytbcprncnce o f tbc
carmuff".. ",h;c h inh ibited skull vibra ti.....

AI,o thcre ll.'1•• handodnc ss amo og pla)'e" ,
som c of whom relied on one car more lhan
the ot hcr. Th ... uno~TV:lhle change' to

I"'r form ance quali ty wi th practically no
inCfC3-<c inrl~ S1"",s occurro;l ",h('Q the

car less impol'1an t 10 perform anc e was
~. But covering thc mosl u..,fulcar

cauocdincrusNsn..s fOfpla)'elll C"VCn
thou ,h p laying cb anges "PJ'C"' od
impercept ible. nm isnol . urprilling. since
oome pl . yenduring perf nrm . nccoftrnlUC
OOe or two car plugs, 01 the musician 's

Earp lui ER 15, by Etym otic Rescan:h in
Ch icago. Gov d evide nce til , up)'''" thc
robu>lllCSf of m.....ical heari ng and pla)'er
adopta bility.

A ~inlc""'ling fa.etaboutm... icians'
hcari"iisthat""," tItoughapcnonrnay
ha"C a corrp:mablenoi.. indoood binaur.l1
hoa ri nll 10.. deri, 'ed from monaura l
me asurements, and have di ff icu lt ies in

disc rimi nating spe ech and tile ""u nd. of
everyday life, that Same person may he
unst«: ....'dm perforrn ance wuh no cb served
impcd imcnu. Why" One explanation i. th~

CI\ICf·lea mcd eleme nu ofmu.i e performance
and c"ll"i ri", skin . cal1 somcbow mak e llJ'
for~wd bearing~ls, lhal is rrovidlllll

a degree ofrcsid ual hoaring is prc . e' "

Hool<lll Univers ity Biom edi cal Enllincc rinj!.
Hearing Re.earch Cent er is one of
interns tio nal recogni tion with em pha <is on
binalll'l1 bearin g. Hcadcd byPm f"' ..... St. '·c
Co lburn, a eJosc liai"orl is mai nlllincdwith
laboutori... al M IT and Norl hea51em

t: nrvns ity. Symposi a ""'p<ncnlcdl'qlularly
bytnbou.."oUlofststeand ovencas
n:searchersOll a widc IWl~ of top;"" in
p,)'C'bologic,1 acoust ic. and the neural
.ys tern. Thi . labora tOl)' it thus an idcal
vcnu e fot con linuance oft ho """rk

Dtmald W"ulfi>rd
rl .•it'ng S;:/k)Ia~ Hearing R~uart'h Cellter.

Bos'<JnUn/l't'rJity.

g'~•••
Atte nuation and Use or H earin~

Protectors - 8th Edute n
:'IIatillnal ACOUSlic Laoonlllry

NarionaIAcou,tie La~oricI, Cba"wood

l'l'J8ISB~06409 1 14 2.lIOpp.""f1-<:""Cf.

Avai lable from : NAL, 126 Grcville St.
Cbals"'Xld,NSW2067.IeI ,(02)'U1 26800,
fax (02 j 94 11 8273. l'ric eAS25.00

Tbi . istbclat est cdit ion of .h c re ferencc

d" eu mcn t list inll the perfo rm ance " f thc
hcari ngprotectoISlha' havebee o tc5ted at
the Na ti o nal A co ustic s L ab oraror y in
AIL'ltr3l ia Thc .ta ted aim oftlli'l"'blicat ion,
in the In!IOduction by Wa"" ick Willianrs.is
lo pres cn t in fo rmat ion o nlhc ' sc lcct ion ,
fitting, u, e and mai nte n, nce o f hc ar in g

pro tee!OfTl' in add ition tothepcrform ane e
dllla. From the . l<nder docume nt ofaround
30 pag e. for the for mer cd i tion s, tlli s 8th

ed i tion com pr i, e. 80ragcs of wh ich le$$
than 20 arc do vo ted to lhe data on hear ing
protectof1l

The fil'5t paI"ISo f the coo.. idc ra bly expandcd
in fonnati on se<.1i<lM inclU<kdcscriptions of
the ra.ting andmeu u remcnlpToccdu",s.

Thescsa«: folllJUl'edby the practical guidc ro
the se l«: l ion ,fitlinll an d uoeofpIOtcetor,
'IM",aredc<criptionaof lhcvarioostype5of
muffs, p lugs an deom mcn lS on th e use o f

com h inat ion• . A ta ble clea rly li s l . fhe
advanlage. and di "' dvant ago. o f IIIl1ff . and
plugs, Tb eal'pcndiccsincludcglo. sa ryo f
terms , ty pic al no i. e Ie.d•• use ofa.ound
le-.-el metcr u W<:ll ", cOJlla<.1 detai l, for the



v.ri"u.0I1&:S.genciu a,,, ,,nd Auotr.l i.
and NeIlo' 1..ealand

Th.l.ble. , wilhlhe he. ring prot<:<:to'dall
f<>r ~pm. 180p rol<:<:l<>n., include t~~,

model,m•• s, d.mping force. ocl~ blnd

a tlenu. lion data. SLC80 and lhe d a•• fo,
u ch itcm , Thi . is lhc firs l l;me the val... .

fO. lhe'cln.' h,l.ebec n inc h.ded . Tbe
•ec en l ~ er.ion o f AS/ NZ 1269 , 199 8
intrnducn lh i. c l. .. . yll ema.a mtans lo
reducClhc amounl Ofworl. forthe oclC<'lioll
o fprotccton.Thcstandard lill llhcT1l"i" o f
noiu l e~e1 s lppropri ll e fo. elCh of flve

dUSC$ ofprot~

Thedatai sprcunled in .l ph.bc lM:.l o.de.
forlhcbraDd~oftheprol«lor. llWOuld

be of some wV,Inllg e if lhe dal. w...I. o
p.Clenled in d u . o .de • • " lhu il wu
poosible lo_ ltla glaDCCall ll~ proI<:<:ton

ofa p;ln icular typc w loal isficd. pan icuLo.
class or SLClID, llwnuld bc of e-oenmorc
a..istancc if lhc dau WiLI' V. il. ble in 'so/'l·
C"PYoolhatlhcusereouldrcamnlleiti nan
orderk>... ilparticu larwkl

Th i. documenl i• • n cs scnl;. l refercn cel"
any who arc involved in occupational naioe
a,se"menh .ad .ub,cquenl
rcc omme nd'li"n.f" . he• •ingproleclors
Th. "" lionaI Aco usties Labo"lory ,h ould
bcc<>rnmendedfo r producinglhis cxpanded
and updalcdcd ,lion

Marlon BU/X€5s

Marlon Burg<'.u is a researrh officer 01 'he

Aro ....tic. om! Yibrati'''' Un;l, A....trol i" n
INfence Forre Academy in Canberra . She
loa, ,,"It i".olved in a num"'-'r o! pn>jecl,'
which ffqui red occupm;onal noi. e
a.Ht "' '''.."" unu recomm end"I;,,,,., of

~...
NSW

Associat. _ ~~ ~=~;'
Suhscribcr - Mr A. Tordoroo.ki
Sludent- M.G . Mace

WA
SuMaihor - Mr C.Ong
Member _ M. JM cLoughlin,

Dr ~K~w;ek

SA
Subscribcr . Mr l.Thrncr.

MrB .Kidd

Acoush c sAust'lIlla

~...
Noise Eff« 1s98
Noi... Elf...-ts93. an im...... liona! congm. ..
...ill li ke placc in Sydnoy. Auslralia from 22
10 21:> ~"""""'"" 1998. This followo tk
lmemoi... Ccmfnmce Symposium il\ nearby
l'kw Zealand.

Noi..- EIf«\l. ':I~ is lhe 11h Congress in lhe
5«In <>nNoioe ..~ a Public Hnlth PnobIcm.

O'llanised under tb. Inlern. tional
Commi..ian an Bio logical Eff<:<:li oft'o;'"
HCIIEN). These ron f=nc•• are only held
nay five yea,sand thi. is lhe fir.;tto he held
in the Soulhern Hemi.phere. It afk rs a
unique "pp" "u nity 10 pa"' ~ lp;lte m a
confcrenathat ...iIl dealwiththefullr:onl:"
ofthc: e!TeC!. of noiseonpc:oplcand ani.....l.
Tht: key opcakcn a. e int.rnat ionally
a<knowtc<!gal n pcru in lllcir fK:lds. Thi.
ronfOTence..·ill he of interest lOall tha<e
involvMwilhany a.pecl"flh-c: .If~of

The ""ientil'ic P'''lI.am will include in.ited
and submincd 0••1presenu liono, posl"" and
"""k sbopointhc:n i,,"subjeclareas: Noioe
induced hearing loss: Noise and
conull\l1lication, Non.audilOfy physiol"t!;ul
& health elfeC!s induced by noise, I nA u.n~e

of noise on pe.formance and hell•• iou. ,
Eff..,Ts of noise on sleep. CommuniTy
response lO noise, Nohe and animals;
Combined effects o fno isc and othe. 'J!,"n1~;

and Implications for ••gulation, . nd
''IIIndard.

The k. ynme ~p.akc", will include: P", f
Guido Sm"",,,,nb urg, Ulrechl Univ. flI;ty.
Nelher lands. pror Andy Hed<:, Sunshine
Coast Univcrsiry, Austra lia. Dr Judy
Edworthy, Uni~ersi ly of Plymooth, UK and
Prof Gary Evans, Cornell Uni""",i ly. USA.
Also Prof Birgitta Berglund (SlOtlden)will
oullin. Ih. work of ICBEN, Dr Diele.
Schwela will talk on World lIealth
Drgani~lionGuideline<and Dr.Johnl'"",k.

(NIOSJI- USA) will review pmcntial new
melhods forrh . preventianofnois:e-induc:cd
hearing 10'iS. Prof.."sorJeny Tobias (USA)
will pm;mt the CongteS.Ssummary and
OVCf1Illcooclusioos

Qv.,,-4S invitWp;opcswiHbe prese-nlcd in
the nine plenary sessions, one for each oftl>e
subjcctareas, Around200 al><traclS have
bcmsubmincdloheprnenu,dinrbcparaJlel
sessions ofoontribut<:d papors tobc held
Throughour the Ii"'" for !he Congress . In
additionthcn:: "i ll hepo'lcrJl"llCfland

"",",",hop< OIlSpccirlClOpics .

TheC<Jrljlr=; venue-is ltl Darling Harbour.
whictl isadclightfultourist~.andclOSl: I"

rhe c ity cen~. The Welcome and the
Farev.,,11Re«pIi ons wil1al'lObe hdd at this
vm...,. Tb: Coogres. dinner will in<:ludea
fmy tnp across Sydnoy Harbour lo Taronga
Zoo Here delegllies will have the
opponuni l.l' 10 meet SOTr1C of Auslr3lia1<
unique uimal. as ""..,U as enjoy rhe food and
hospiTality. A COIt1pn:hcnsiv'CopIianal social
program hlIs bee n organised. in<:luding a
Chinese Banquet, Harbour Twilight Cruise
and t')ptonI House f\orformal\Ce. Optiunal

1""" . round Sydney "" "..,ll as pn: and posr
rong .el" tOlll"S have 1I1:1Obc'Cnorganised

Forderail .and ""gi!rtntion

N.mr£/Jrm '98,
GPO BWi I!I:J.S.-.Jnry NS W 1001 ,
te! +6/ J 9] 6]]JT7.jax+6/J9262JH5,
nni.,,,9b'li!_Jto,,~.co,,,.a...
Irttp:lJo..........iJO»:<'<'m.aul-ds IU<:« yJ"oUe_

~ff'-".,,'911

Intcrnoiu 98
I nt"rn" i~ 9g, the 1993 Int.rn alional

Congre•• onN"i M-COntrol Engineering. will
be held in Chrislchurch, New leal .n d

N"".mhe r 16 . 18,1998 . The theme of
INTER-NOISE 98 i. "SOUND AND

SILENCE, SETTING Til E BALANCE" .

The ~"nfe",nce is '1""'-" "''<1 by urNCE,1hI:
Interna lional In,ti l~le of Noise Control

Engineering, and is heingolllanised by the
New Zea land Acou, tical S<>C ICty. The

rechn'cal rm&"m"", w,lI pmvidc fllf the

p. . ..... taticnofl""'lc... . nd both invitcd and

contribol~d papc.. Wilh as many O(Oo;on.in

pa.allel ' 0 needed 10 a""" mmoo:\ale the IOpi".
offerod. Distinil.uish,'<ILccluTCs will bcllM:n

by t>rLooL B<nnl:k.and Profe........ Jc=ny

"" tlcy.Christopher R,c. and Cohn Hansen

a,; pk nat.l' se"";oos. TOllicswi llbognl\lped

with . Keynote P.pe. in.iled for each

""""ion. Tochnica.1 Papcn will bopresented

in a wide range of lOpi", 011 noi "" and

vibration, An intcrestinll lOCialpl'Ollrmlwi ll

alsobopanofth-c:ronf.rence,R"lIistnllion
booklets.""ilable now,

F"..,/rer ll1jOrmalilJll

Irtlp:lJw,........wdI "nJ lIC,ot:<1nl l.TllUi<rlI8or

f ro", /NTER· ....OtS~ lM. ,V'l Acr-li....l

Soc.el)". PO &n:l lf/I.A~ I()()/. N",'

Zoo/and.

Te!: +64 9CJ JU 1. F..... +649 6JJ JJ48.
inlmIOUe\l.'l 'j!.iJ~"".IIC . ou
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Recreational Norse Sf mpo sium
Tbi. Symposium on Re<.:reatiooal Naioe,
Novembc:r20inQueenslOWn,N"",:ze"land,
f"llows lolrlllOise 98 in Christchurch. Of
irl~ to all thooe irlvolvedin publichealth,

thi. symposiwn is~;"i lhchiddcrJfaetor

in manYClfoor public h<oalthproblcmstoday.
Linle ha<~dooelClqll4l1lifyll>eeffecll

of, and 00 CClmpilal;onof dala is available
fo.,noiKm:eived during n:creation and
leisure periods - periods in Ilihich ou.
oa:upal ional safery and h<oallh legislation,
alrrl<m" , thoot e~cepliorl.. .... urneoare free
from noise. We know lbal shooling can cause
hearing loss and thai Olher activilies sucll . s
ttgUlaralle ndaoce atd i"Wlhequesm ay bave
similar <;<,>nseq llel"loCeS, bul "" have lin le
I"'bli""ed~Iedse Clf lhe effecrsClfnoisoc:

in Clther n:creatio"",l activities. Tbc:
Symposiwn will brinl 'ogd h.... the ....,nd
e~peltionnoise to~t~ on lhl:i.

work and 10 discuss lhe ,werall problem and
...hal caa bc:done aboueil. The results oftbe
di5CUMions(procecdinp )wiUhe cOlt\piled
into . book thai will bc:..... l In aUdelegale$
shor1ly aftertbeSymr-,um

The venue: is th.e Lakeland Hotel on the
shoresofbe auliful Lah Wal:alipu llIhere a
block of rooms, all wilh vi...... of the lake
and rnounuins hu btcn~ from

Chri>tchurch In Queeru;........ is a sbort ~ 5

minute fligtll or . roach mp lhrough the
beauliFul Mackenzie Valley, FoU"", ing
Queetuwwn il may be possible to llllYel
di~ to SydneyonIheSundayviaAir Nc'"

Zeab nd to an1ve irl lirnc for Noise EtfocII
98. AJlcmativeJy tho:n.re scbcdll!edfl i~lS

via Chri.tc hurch toSydney

Fwrthe~ i~fQrmarion .- P 0 BQ;l 16-0f>ll.
"'"nuk4u C/O/- New Z....IIJnd.f~ +-64 9 219
IJ)jJJ , g....1\tmebi'HO ~

AAS Me mora ndum eft
All mtnl !len (lf lhe AUSl" lian Acoustical
Soci~y should !lave Il!~cived a copy oree
c~ rreOI Memorandum Ilf A.- ocialion.
AniclC$ of~ialion and By l.llws. The

revi..... version ..... P""-' at the Annua l
General Meetinllin l 997and lhc:napprol'e'd
by !he AlI.';lrali... Securiti es Commiuioll
(ASC) on 30 Man:h l OWS. If any mcmhcr
has 001 m:e ived a co py Of lhis documenl
thm plea>eeomact lhe Gcneral Secretary.

FASTS
The peak bo<.Iy For sc ientiSlS ~nd

lcchnologius in Aw tralia said that it .....
disappointed in the """"'I Budget. Professor
"'ler Cullen, l'Tn idenl of lheFederalionof
Auslralian SCient,f, c and Tech nological
Socielies (FASTS ), said lbat once al aiD
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Austnl ia seemed to bc: missinll
opportunities. MBy dithering ...~ are likdy to

continue to miss the boal in the
biCltecbnology m'Olulioninthe same ...ay ..
we missed the boat in infonn alion
technology in ' he 80s aod 90s. The
Government le em' bc:reA of ideas.
Competitive suceesaintbe""~lcmtury will

t>e"""n bycounlries "hich follow lhe
knowledge-ha.<ed palh, to generak teal ond
enduring entploymrn l. This requitel a strong
science base and sman pr"Krams to link
industry with science. This needs slroD8
leadmhip from Go>"",mem.M

Ausua!il has just recorded its fimfall in
b",i ness e~pendintre on R&D ~nce thc
Austra lian Bure. u of Slali. lies began
measuring R&D in the mid 1970s. Thi. i.
ano ther 1l100my sign For " " stralia'.
econornicoutlook..an.dablld sign as"cenlcr
a ",illmni um """kil it i(lin, 10 place an
in=ing empbasison indw tries that are
sopbisticatoo. i!lleUigenla1\ d su-'llI inable.ll
is clcar th3! indllSlry in Austral ia does nClt
....."lheconfwlence or col1V>ctionlO ime st
in R&D \lRder lhe presen l ' mancial Sfflings
and ec<momic d imale

FASTS believes that relW'81ch aIld
development . hould bc encouraged as an
llCIivilyvitalto Auslralia 's futurc. There is a

wong l 'lIIumenl for scienti fic meareh
aetivily(a. well as lhe provision of
edUCl lional scr-.iCC$) to be u ro raled in any
GST, Thi si . a simpleand c~plicil means of
encouraging R&D.

ASA and EAA Join t Meeting
The I 37th M e..'1ing ofthe Acousti~al Society

of America and 11>e 2nd Convcntion of the
European Acouslics Associali"n: FORUM
ACUSTIC!JM 19'19 · inregralinll the 25th
German AcouSlics DAOA Confermc e will
bc:heldiD Derlin, March 14. 19 1999. The

meet ing.i. he ing organi sed by the Aoous ticaJ
Socicty of America, the Europcan Acoustico
Association, the Deutsche Oesellschafl fur
AkuOlik (G erman Acouslical Society) and
the Teehnical UniVC1's;ty Berlin, in
cooperal i(l1l ....ith tlte Germa n Physict
Sociery, DPO. tbe Association of Gennon
Engineers, VDland theGennan lnsti!Uteof
CommUllk ali"n Technology, ITO

tbc meelinllwi ll bc: held a' the Technical
Univen il)' Berlin, ...h iell i. localed in the
ce ntre: of Germany's capital, Ber lin. The
techn icl1 prqpmn ",II ~Oll-<;sr of inviled and
conlributed papers p<nlCllted a, I«Ill n:s :aOO
pOMers. Tbe topics covered . inclUd~

.~ousti eal oceanography, animal
bioa.c:OUSlics, erchnectu ral · acow tics.
biomedical "ll ra«lund. biCl'fil'O nS<" to

vibration, enginecrinll 3COU!ltict , musical
acouslics. noioe. physical aC<lu. lics .
psycllologieal aod pltysiological ac<>llSlia,
l ianal processing in acouslics. opcech
communication, structura l acoustics and
vibralion, underwater acoustic. and
educali011in aco"" ics. In addition thcre will
bc: In exbib ilion, technical commiltee
meetin gs and llll antaclive social program.

For the firsltime, ICOUStieians frornAmerica
I nd f1'Oln Europe will bc:holdingthei , rogular
mcetings undcr one roof. This meetiog ....ill
bring together expens from aU fields of
8C(IUStics and provi<!ean intemat ionaJf ororn
For the open cuhaJ1lC of scienli' lC and
engi"':e ring informnion world....de

/1\fo~matio1\ from /'Uli lul fir Ttchlli.<('h~

J4ku$ljk Eitu le;1\ufa l j IOjl11 Berlin .
& ,.","" . F<u :+49JO JI41j/ J j e-mal/:

)i:Irv1or~MOC!I. U/.IIl·Nrlill .de

!Itrp:I(/Mwn99 -4Jt1.", -N-rli1\.dd

Congress on Sound &
Vibr at ion

Following lhe succesdul 5th Congn:sa in
Adelaide, 199 7. the 61b Inlernationa l
Conaress on So""" and Vibration will be
held 5-S JuIy 1999 in Copenhagen. DeMtm
!la• • long rrad,lion and a unique position in
a.c:oustics and vibn lionand il is a qu. ner of
I cen lllly since 1..1 time a I1\.i1jor acoustic
cong ocss lOOk pla<.::e in Denmark

This C-""'gress sp:msored by loternational
I""I,tUle of A~ouOl;CI and Vibralion. the
Techmcal Universil)' of Denmark, the Danisb
Acoustical Sociely, Bliiel &: Kja::r, and
~gaald & D. nnesldo ld· Samwe . The
prog nmme inciudesin, 'ilCd and con tributcd

papt'rs in specialiscd ""..ionsorganiscd by
1hc:48 members of thc Scicnlific Commillte,
and rutorials and workshops. There will be
SoC\Ieral keynolepres<."1ltalio,,", Episodes from
a Ccnrury of A~ot1SIicI by PerV BrUel, New
Oe>'elopmentt:in Fluid-StruetIlre' lnleraetim
ThCOf)' by David Crigl"o n. RC1:C1I1
Dcvelopmcn," in Aeroacoustics by Sl.....an
Glc:gg, Stale of lhe Art of Energy Methods
Uoed f01'Vibfo. Acou.<tic Prediclioo by Jean
Lou is Guy.der , Re<.:ent Advan<:cl in AClive
Control o r Interio. Noise by Cohn H
Han",n . Some lo>cne Probletm in Acoustics
by Phil ip A.NeI""",and~lopmrnlS in

lhe Prediction or Sound Radiation fnlm Real
StroeIur<:s by Andrew Seybert

Informal""' ; CO~K"SS S«",'a~iIJI.

(Xp.:Jrr,.",/ of .( .·.Mlf l ic TecANOlogy.
Ttch~jC<l1 U~iYe"'lry of [)en"",'*. Buildi1\g
Jj2 . DK-1800 LynXby. De1ll1\arl:: lei: +4j
4j 88 /6 11; fil S: +45 4j88 0511;
icw6@dal.dIW.dt . hltp://icw 6.dlJ/.dtu.dk

Acoustics Australia



User 's Guide
A User's Ga ide to the Qu ee ns land
Environmental Prolection f.'Ioise) Policy lw.
bee n prod aced by tbe Qld Dt-pt of
Environment It oplain. the ~C)' provision.
of thcAct and the~ IO ,,"'kh lhe

Policy bel ongl Notes provide I short
"" planation of evny provision in ue Policy.
The 44 page booklet bas bcen wnnen 10
""p lain how thc policy isooigned IOwm

Copiff ..~ ..... ,ItJhI"froWJ Goprl"'&>ol.tItop.
PO Bo. J64 W"uo/fHnrgahhIJ 0«<:....I""J
4/ 01, f llJl(07) JU t'iJ 5) 4. fOrS /O phd Sl
pw ftlK""nJ lt" nJli" g

NSW EPA Draft s

Noise Gutdellne
In feb'uary 1998lhe l iquor Adminiolr3tion
Board of NSW has released ee followina:
noi"'guldelinefor licenHd premiaes. The
LA,a noise Ie'<clemitted from lhe licensed

pmnisesshall no1«Cftdtbeba<kground
noise leve l in any O<:tave Band Cen lrc
Frequmcy (3 1.SHz - 8kll z ind ""iw) by more
lhan SdB between 07.00am and 12,00
midnight at the boundary of any . ff""led
rWdet1ce.
Nolwitlwan ding comp liance with lhe above
!he noise from the Ii"" nscd premisel shall nOI
be audible within any hab itable room in any
res idential premioes ~ tbc houn of

12.00 midnight and 07.00am

Interior no ise leve ls wh ieh . allhoug h
~triclCd in ac cordance w ith the above
condilion,S1il1 e:<cecd safehearilll l~ll an:

in no..-ay supponed or condoncd by lhe
li quor Admini stmion Boml.

Th is is a minimum slandard . III sonu.
inst al1CCS the Board ml)' spec ify a time
earl ier lhan midn ighli n res pectof lheabovt:
condition

f or thc purposes of this condi tion, the l A ,a

can be ta~en as the avera~c maJtima m
deflection of the noi.., emi:lSion from tile
licensed prem ise.

The third Vic Divi, ion technic~l mc<:tinll fer C omments on the fo llowing dra ft EPA
19'18 was hcld on Jane 24 at the H&H II""", lNS Wlnoise policies aTCinvited. De tail. can
Theatre in Mot Ma lvem " viaa. l be fo and on eithe r from
communications com pan y ill the eve. bttp: /lwww.epa .nsw.gov.aa Or hard cop ies
growi ng area of high quality audio>vi..... l obta ined from the EPA tel BUSS or 02
ptCSCtIlation \l125-SSSS
Curre ntly, !he a:se of D igiuJ . Yidf:<>. DiH . Dnft Sta tiOnl lJ' ~oise Folicy
(DVD ) vidco thc>ltrein domes lic ll'f' lications Submisaionsdue befon: 28 SepIembcr 1998
is popular in thc USA, and is npecled 10 This Policy _outthc,,-ay. in whichlhe
l i&nirICln lly impac t o f lhe AUllralian ilnplctsof noise from SIaIionary (ind <t>trial)
donJelItic mar\ e1ov .... thcnc.. t S yean or llO. "", sc OOllt'l:eS ooresidetlc:esandolher """" ilM:

lancl ....ncan bellSSCS5edanddealtwith.

:C:::'i~~~:~~:~i~~ ~~~..::; nm. nta l erik,;a fa r Ro ad

~im"" a dedicaled thea"" room ina
home . S<lund absorpQvc panel. of 2Smm Sa hrmssions duebefore7 Septe mber 19'1g

thickness with lic<:orat ive fabric rlOi. hhavc
be<:nused in lhe soowl'I,lOm theatres to redLICC
flaner echoc5l1J1 d ~arwa llrenect ions. and to

opt im i ~. the ge neral rever beration
charac leri. tics of the room

Sotmd insalation is likely 10 bc an importan t
..,n sidcrarionforthe futuree..pansiOll o fthc
domestic mattet as the Residenl ial Noi..,
RCi"laIio ns under the YictorianEnvironmmr.
Protec tion Ac t ",quire tbal noi.., fm m
electrica l amplify ing souud ~producinll

C<jaipmen l during lOme peric><h be inaudible
in a neighbouring =idence

direcled at lhe groand are picled up by 2
microp hona. frnm wlt,*, OUfp<>l$ is llClecled
tbc difTetellCC ligna l.lnthiom<1hod,thc
micmp hOIl« pid ed up the direcl

lo<>dspea1<ersound the gTO\llld relkoc1ion.and
any fl.ther re flection ftom a buried object.

In thc laler dewlopme nt of this ....,thod, only
one microphone: " as used, which picked up
tile direct $tlund tile grnand reflect ion,
together with any other reflec lion from a
baried obj c<:lll. The variOllsreflcetions =
identified by the amo unto or time they are
receiv<:d alk r the ori~ ina l ba"l. Single or
awraged respo nses from the d j"",t bum and
the ground reflection arc thcn lublnlcted
from the toml ,i gnal lO d<!ttd any ...,.idaal
duelO abmied object. ln thi. ... btnc\ion
process, ,,,,",,, carc "ll$ found lO be~

jf any avmlgedlP'OUnd~'P"""C"""" u.vd

Thelatcstirtlproverne1lu include reduc in, lhe
cenlfC frequency of the ll<lUnd bunI from
IkJU to 700 Hz (w ith lheben hal f·power
pointoa l 400 and2000 Hz),andin ... ing 4
micmpl>onc$ to 5Can more lmund I t a time.

With tbi. mcthod,mines 10 a dqlIh of IOcm
can be dctected, tho ugh unlikely in hard or
wel llTOUDdor undc:r a ro<:k

Aud io Visual T heat re

Metrology Conference
ThU ronf~, 22 . 24 September 1999, iD
Sydncy islhcthinl rw iDll.llforumwithin
A tn.lia Ihal will ......bk all membersof lbe
mt u~ment communi ty; pro fc"';onal...
studenIs,~ and lt'actom.. lO t'J1Cd

and.......,ClI.perience5. M~tcan be

ono oflhe moolobjectiwand~elOOh

provided thereisbrn&d a~tbelVottll

w inlt:fl:lilOdplU1iesabow wsuitabil(ty and
ac<:\IlaC)'o fthemclhods emplO)'N, The
~ltvall<'e of mU'U~men t exten ds from
international political issues, through 10 the
viabi lity ofp.micular industriN down to
proco:J.lQ opcTa!ias ",thin a .., mpany or
organioal-. Tho::CQllkraJ<e will welcome:
conln t.ll lORSfrom all al'Q.l of mctrology
ind udinl -..tics l q :ooundkYel,vibration.
ullnl 'lMio::s,...dn'walCl'e1c)

f"rur-· Dr s...:"ffff(" nr....iles. NML.
PO Bax 1}1l,LntJfk!14 NSIt"
Te/: (()1)'HIJU /6. Fax.' (()1} 94 / J 7I 61.
EMtJd..JUS:<UI"".IIt....iln@tip .wma".

Buried Objects
The _d\~IC Divioi",, ~hnical lTlC'Cling

for 199~ w..,held 011 May (\ at Mll<L3Sh
Universi ty wilb the lOpic ''Usin g Acouotic
Iml"' l""s lO dct"" l bun ed nbject .... Intlle
initial talk, Charl e. Don and ll avid Lawrence
report ed "" their more recen t WOTtdone in
detecti ng land mines, wort du..e .i ncc the
earlier resea rch dl:scribcd by R,,¥,,,,, and Don
in Locations of Buried Ollj ccts by au
Aco u",ic Impul.., Techniqu e l= Aoou<tic
Au."". I994 ,voI 221I, ppS·\l)

Thi. re<:cnI me.reh ha. been conunt", ted
On locating land mil>C$.Tht'rC are CWTmIIy
100 million of O'o'e'600 typcs l/unu gboul lhe
world which kill 2S,OOO people eac h ~;u,

are of low Q:.l:>I10male , and could Iloke up10
I ,OOO~ to bc c learcd

Of the otbcr o iSlingdc1ecli onmeI.hods,

(i) metal deteetion has limited appl icall ility
, il1Ce many mines are almosl wholly "ra.<tic

(ii)gro<rodpenetraling lllda r (R."Iairingvhf
of GHl or&..-r) io cootly. (iii ) infra -red
imaging. thoogh amon g tile more u.....ful
d<1cetion metltod . (through d itrerential hCal
,;eMing). is not wholly reliable. being too
dependen t onweatherconditi"" " and ( iv)
dogs. though they ca n sme ll vel)' . ma ll
amoa m. ofex plosive,3n: CO'Jtly totr ain , bite
quickly,andb.ave poor sen",of IQCalisat ion
(OIIlyto within 1m radius).

Th i. leflconsidelablc scope fUllbeir
dttcetionfiom lhe difTm:l>Ccs inthe aoous lic
impcdances hefween ground and landmillC
The se an: detec ted after tile ....riotll
relkctions from a buniI of sound (in a band
"" ntred on 1kHz ) from a loudspe ake r
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Sir James Llght bill
SirJallle:J u ghthill,thcfoWlding Presidenlof
the In'tlllalional ln,tnUlc or ACllU'lie>;and
Vibra,ion died, aged 74, 0" July 17 while
atlern p,ing to swim around lhc islandof Sark.
Sir J~ 'MlS an npert swimmer bUlafter

ninc~ intom,altem(lt,whm hehad

neartycomp~ed his . ",im, be _ fuunddead

in 1hc: "'3leJ. T.....my-li"" ~ .go, Jameo

1 .i~lhi1l became the fU'Slperson 10 swim
aruund '''e Cbannc1 I.la"d(>rSafk. ealling it~a

m,,"1pk a.""' l way10sec the scenery".
SirJlIltle'I", ,,,,,,,eof ,hegreat rn,llhema riciam

of lbe1'wentielllQnlul)'.Ile"''''' apionecrin
sew r:ol fie lds inclodi ng soptnOnic
xrodynarnics, bion oiddyna mics and
aeroacous lic•. He virtwr.lly crcaled the ClCld or
Il,on uiddyno rnics, the study of how anima l.

rno,..e !hrough air or Wlllcr,a< v.ell "" the . tudy
of the fluid rnodl.1n ic. of tfle cardiova'lCUlar
,yS1em- Hi. fart10Ull Ill... ' hal lhc a.oou>tic:
powcrofajelilprqx>rtionallOlheeighlh
poweroflhejel""""=ityi. k...... n to mony of
..... He fleld Ihe ..... iormalhemalical chair III

Cambridgc,.nclbecamea leading advisere>n
governmen scie ntifICpolicy,

Thuse whoattcndcdlhc 5lh lCSV in Adeiaidc
in 1997 will well mnembel" hi. $limul.'ing
ICClUrts and l.alk al the di nner. He will
eenainlybernWed

ASA Award
Nrnl/eF7ercher ha!ibccnllWllfded the Sil_
Medal of tbe AOOUSlical S"",icty of Ameri ca
for hi 'l<'$Carch inm osical aeoosti"'. llti s Wll:i
announce<! by ASA Vice_l'rc ,i dent elect,
William Hartm..n, at lhc ""dlire mceting on
musical acous tics, heW at leaven...mh
folk"";ngIhe ICA-ASACongreu inSeal1kin
June . The medal wiD be:prnemed at the ne>.t
ASAIN:eIing. ...h ich will behcldi n Norfo ll..
Virginia,in Octoo..-.

mAnst Hon Fello w
Lou;.• A CJIaIli~ hu ~rlybeenel<>eted ..
Honorary Fell"'" of IEAust. His citati on
ol.dcd: buildingoand JllUCtures- including the
new Par liamen, Ilous.e in Canherra,
Parliament HOII.ocsi n NSW and Qld, theNSW
Slate LibraTy, SydMy Harbour TIUU1CI and lhe
MllOOT1Iil - ha"" bencfircd fromlhe ......kof
aco u' tics cngineer I.o ois Challis, He
pionee red the devel opment and usc of
.tat i stical methods f"' lhe ",_~"r

comm unity noi~ in Aostr.ilia. He hal; YlCrked
in the f"' ld of f""""ic ac:ou<li"". For the
special pmbI....... ofbiind. del.f~31

.ignalcroo..inp,hc~lOf'edlhe ~rw

audi... ractile .....uu....:! in .1I Austr2lian .., d
many~ c,Ites. Al1hlJugh dfcml <hc
"I!ht to patenlhi. invcntion. he declined

=~~t it should not be encwnbm: d by

Eng Ala l l fJfJS

STA."DARDS AUST RALI A
Asr,lil.5 2.199: I9911

Acuw;tics - Spec iFicalion fnr personal oound
ex!'U"= meters

Spec ific. aco ustic.l and electrical

perfonnance nquimno:nl$ fOfpmor1aJ sound

exl'O'ure mer..... SpeciflCAlion• • n:

llJ'Plicablc to inmumemsintendedto be ""'"'
on a pcNllD For meawrcmcnlof A."", ighled

. ound exposure re' ulting from ,l ead y,

inlermillent, floetualing,irrcg ular or irnpulsive

sounds . This Standar d is 1eChniea lly

cqoi\".lcnlto,andhal; hcen~fronI

IF.c 1252:1993

A!ir.'rlZS3817 :19911
AOO1I.ucs_ Metbods for the descriptioo and

p~ical measurem ents of single Impulse. "I'

.'ltries<)f impulses

Desc ribes preferred meth <>ds for the

<Je.criplionandthcpbyllica1measuremenlof

single~"""","or"",,"seriesof

irnpuIsio;csounds and ror the prc>cnllllion of

thc dara Il doc> OO1 pn>vide mcthodsfnr
i Qt<1'pret,,'gthepolen,ialeffeclsof seri~of

impul"", o f ooi", on hcaring, com munity

re"Jl'llDSC Ol . uuclures. Thi s Standar d i.

idcnlicaiwilh,,"dlw.beenreproduccdlTorn

lSOl0843:19'l7.

1F:~~,=n":;:'_
from sma ll lift off un itl to
v.. ry la'9.. dem oun'a bl..
SI'u Clu''''-You cafl re ly
onPea<eEn.gin~ring

A,1~.._.......ha....
~endeoi9fl;ng.manui<l(-

~:~t:c ::.:~~~n,~n:i'"
1970. We(an h..lp~olJ

(o ntro l no i", in ~ou'

plafll from 'flitial .... i'"
..... ;nu rementlocon/ir
mation of~rfo'maO(.

onwmplctioo
Ca ll NOW for <!elail,

P..(. Enol ....';fl g Pty. Lt d.

~.~~B~:r~~: ~·i'::~~~~.~8~~ t2 ~ 'eace
PI'\oo'I<!:(01) 971248S7f•., (021917t S4olo4 ,.".. . ...._ c"","""

72 - VoI 26(1998) No. 2

Software Engineers
Acoustic Signal Processing
Acoustic Technologies Ply. Lto. are currently

undergoing a period of rapid expansion and need

high quality, experienced software engineers and

recent graduates to help us develop real-time

acoustic signal processing systems for national

and international defence projects.

Engineers should have proven experience In C-H
under NT, and preferably some knowledge of

real-time DSP.

As a small company located in Northern Sydney

with local and international product exposure, our

engineers develop leading edge technologies in a

vibrant learn environment To find oul more about

becoming a part of the team call us on:

(02) 9484 0550



..JteiV.
~...

Nico let
Lase r Dopp ler vtbremeter
The Nico let Or ioD LUff Doppler
Vibrom eler II"'" a " n,que <.>plical
impl emen Ullion Ia . ( cun tely ",,"UU~

vibra tionO'Verlwidiel'Kqucrq ran gtlTvm

~Hz to 80 kHz at distanca. of up 10 711l-Tbc
Orion .......b onalmostany sur1'a.;e ...ilhoul

the D<:«I fOf pai~.kinll odup or meuy

"urf*,e~.

l'beOrionmounts onanylbndud c.amer1l
1Iipodor lawr otlnd.SwiI<lub lefrunl p&M1
\ow and hig h pu s r.l...... C'Nlbk

_~~u 10 be limitHi 10 only the
fneql>nlCY rang c of i<Ptter;:.Staadard +/.

10 \1 maioB0U1pUl enaNes '~ onon10 be
uoed WI th any -.dard FFT lnalywr or da ta

xqu;.ition5~_ TheSi...,1etOnon110ft.

CIau IJJb lawr ItId WIhU 0Itlcr 1lOll-ronua
dcvioes il .,.blc. ofofJ-uil~tl.

A brc~bllroulb in <>pIKal l«hno1oar
mini~ i'"<:m&1 oplin. "",l>Ii... . iIll&lkr

.izcd ... it Paillblt- l ' l ......,hl<l'lOtt ca<1.
lban couvmtional yi~.

FIUfltrr~no..:M..rt/;r.",4.
£_ f1UlT1Uflr>W TrI :(Q1J9519J9JJ.
Fa;J;:Ol ''50 lJ 78,
1eJtI ...~ca... _

ARC

En tertai nment :'lIolst vtcntrc r

H~ damage is be<:omin& mcm: illd ll'll:n

ofan issuebocllin~ ~I-=candnowm

the enter1airJnentindustry.Combinelhis wilh

tightrr WIIlrDb un no' ''C' .. me""oued at
ncighbowingpfl'm isn .. !oct! n:siden u make

Iheirwite.heard.ndlhoneed f"". simpk
way ofcontro!ling no illCoutpulhecomesrnore

and men nccllSlW).

A recently ", lea..,d entel1ainment noi 'c
monitor, the Bn -lll modd, i.now .""ilable
Thi. mon itor is des igned to out \he powerto
the amplifieroshou ldl hen<>i..,level exoecd .
pre-!IeI (user . djustablo) Icvd. A series of
LED~ on the frcmt of the unil :>cl u . wami"ll

di"l'lay mabl; ng the opcraM or llle sound
S)'*1n1Okec:pthe \'Olumcbelow\helrifl

lhreshold.

Fu" ~,:r l~fontla'i(}~ : AC<>U3rlc R.uQ"'~

l.abt:m>t<H#:, . r. l ; OJ 94".0800 FlU: OJ
9484 QSlI,4"' )IOU' local Mu<IC~ of ARL

scoosscs Australia

CE l 400 Series
Noise & l ogging Dosimeters.
SIiuIIrolI Ausm ha have releas<ld anew snies
ofaa>U'<Iio pm<>nal~~mado by

CEL4 00 .me:. ",hich....n as a pcnon.al
e~ meler. a JOll[ld bel mewr andan,:

ligluweight,oomp;>cl (:obooI thesi2e of a

eiprene pack), and ruggedlybuill. Theyha>e
hi'" Up ;teily men>OfJeS lQr up 10 16
~mdlhe~ of deWled

timc-hiWll'y pt"ofilin ! (up to 14 houn
ncoodinI OlS3.ooo poinUl. Mea.~

ranges &<.n 3O - 14Odll(A ). They ..... also

~ipp!d...,tb A.C faot.S""'mdimpul'lle

The ..........-.s cm br o:onnoned<lireWy1O
prW<nwithrep<>nready l'onnltshcld in

memDr)'. as v.clI as PC's for fw1her data

~DlJoonJo.d ..,~ " ...-ailabk
b" _ in Wlflda\r..~. An imrimicaJIy ...Je

~"aho ..aiIaIlIe
lbisimttumo:m......w beidealfor~

surrotIDdinlIDOise ltw an indi>idual" beq
er.posed "' or forgenrr:al"",",,~

FIIT/M' a.I<JW: Sl4_.(1LJl.
PO Be« 4?MJNonir R<:t<'b. '''S it"JH /.
,.1OJ 9894 rsrr: f ra OJ 9891 1J86.
-"""'@i~~-a-

FANTEC H
Silencer Memb rane
On KJme~j[ i5 critical tba! there is

~llO f'<llo$11lilily ofmi-..l fibm; -.l

ill the "f'lrllt1'$ ofatlerrual<JrSentmng the
concIItIOned ",*". The_ of a~

rnernl:nnoOll a otmdardoileol:cr ",ilI5C1'iou51y

degrade tbe~periormaIo:e.Tbis em.

baslcadto_di..-.- resull5causedby
~sileni;er perfOJ1Tl8lK'1i.

To <'II'errornc this problem . unique
rom binalion of matmal, ha5 been <Ieo.otloped
and tnlcd by Q-To:h . Q-Seal ismorct!lan ju$l
an imperviou.'If,o;ingwh~h ~Jopedthe

fib~orminen<lfibm. ll .l.., i"""l""".

hl/>ed scle<:tion ofpc.-fonllcd mml lining and
i !"'Ci, l acow;tio insulalion fili lo ensurc
optim um silen= perfOf"ll1llMe. It else
J'ln'cn ls moistureenteri ng ce acoustic fill
making tbcsc attenuators "-uilablefor exposcd
UlwuthersituationssU<: has ooolingtower
.nenualO", OTattenuato", exposed 10 the rain

FUr/he' d"ail.r: Fantech Pty Lid. /' 0 Box
J46.Mul1t""Yf'N(m~, Victo'i a,JJ?O Tel:OJ
9560 1599 Fax OJ 956/ 44] /1.
;1lji!@ijamer:h.cOM,au

SONY
D.at a Recorde r
Tbe !'C200Ax Series dala record,," have
bcen spcoial1ydc\'eloped for usebolh in thc
rlCld and as Iabor.llOl)' instruments. CornJlllCl
and lighlweight.they deliver the ""}" higbcst

lcvel ofperfonnance an ilableloday_

There arc Itllft reoordtt model s - 214Ch

21418Ch and 2i4l1ll16Ch - all A4 si>:eand
",n ile from 3.! to 4 ,Skll. These
imtrumcntalion rccordcn ulilise lhe highly
rcliable, fOUlmolOf, dirKI";..-e. Sony DDS
lapc .lreamerlrul5por1.Providingl a and 2a
otandanlDAT linea, opccd and pcrf ....-mance

A comprc ......i\"CsclectionoflCee-tria .....
a-a ilablelOmectlht needloflllc>tt
npan dllll:lvaricty o f lCOenllf lCand indui tria1
appl ications.

lll ordeT 1o pcri"orma.b anllyM'$ ... ith latgc
YOIllm11Soflontion dala Sony provi&::$a PC
inlct'fao:eploCkagc_ PClCM.PCscancnabln
bigh_opccd dig ital data IrPIfcr to PC $UCh

lhaI aRcal-T_dlopby .uscd to fi""~1

data ...hio;h ean be COOl\"Cftcd to any cornmon
data fomw required.by prof 1anaIyM

soft>oare a~h 15 DADiS P, MAnAB.
SnapMaster. STAR and nVISion. PC200Ax
>erin I'l!Wfdcn gn be cam, «lll trol lcd &om
• PC lISinl the PCiUIl GnIpb~al User
I!1terflll:e ...ttdl di'PI~a Tapc~

Panel. Tape~h. Teal·TllllC Plot, Lew l
Bar Met er arod. v.m Bcrdl ....IDdow.

FwtNr rkuuls : M, 1Wn ."-'o UP Pro
Audio d [)g,,, SooIyAI<s./J'dIUl luttiuJ 3J
T""'-u RJ. ..."". R.IIM. !w-s;" ·JII 3 Trl:(6J)
19M?66 U Mob: (6 Jj fUlIJ;!6 S OlJ Fru:
(6JJJ 9tJOJIIJl

Sou ndP LAN Wins
SoundPLAN i.a a sof\ .... re I'f'Ckage for
mvi l"01'lme", . 1 I'Oisc .1Id .i r po ll ulIOn

eva lua tion. simubl inl noi.., &om roads.
" ;""10)'$, industry as well .. airr;ra ft
Oe'oo:lopcdby Gcrman COft!ollllingcnginecrs
B",unilrin lr. Bemdt. Soundr LA.,,{il kJl<»n
as . rchablc. futand cuyto "sclOOl. ...-itb
excelknlgraphio; """"bil iticl . A ll'I8tor flCW
V1ir5ionoftbi. higlllyrepnlcdnoi.., and l ir
pol lllt ion eva lua liOll lOftwarc_SoundPLAN

for WiIldowNTI9 S (SoundPLA.... Wms)1\a$
rKM'b<:enrcl... >ed

Wh,lsl maintaining the ' lrengthl of lhe
previOUi \"C",ion . ,lheWin<!ow&environmenl

andlL.er interfl ce hclp spc<:<.l up the learning
c~ fOfthe r>I:"" vmion Sound PLAN Wins.
All SoundPLAN modules h.v e n len.i..-efull
colour g"'p~ic c. pabililies on ' cl'tl'n and in

prillled form. s uilinll all req uiremen ls for
proje<:1, community .n d court ,oom
pre..:nlalions.Graph 'esinclu Je singlepoint
calculation. fur "" re.d <ht<=tsand Iablcs, llrid
noi"" rrul'So"" i!ICconlour maps,differer>l:e
map s .. wcl l •• eat!OtIrapby.
FMn~e,ddails: ripac £~gt~,.,,, d Srl,."mtJ
Ud. 1?'Nanrratrhy RuurJ.
FtwtMd l'o,,", r VJC J10?
T~I: OJ 'JM ? '?OO

Foa: OJ1/6464J?0.
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ACOUSTlC RESEARCH LABORATORIES
lEVEt7BUILOtlG2
423PENNANTHil LSRO,4D
PENNANTHILLS2120

'''AN121BAflDARASTREET
AICHlJ,NOSQUl 4Q17

ACU-VIB[ LlCTJI DN1CS
UNIT 212 CHAAlom sren
ASHFIEL02131

ADAMSSONEMGINU RINGPTYLTD
POBOX 1294
0S80R~PAAK6916

ASSOCIATIONOFAUSTflALWl
ACOIJSTlCAL COIfSUtTANTS
C/· HERRIHGSTORl:A ACOUSTCS
3411 1PAESIONSTREET
COMO WA6952

BAlICLAYENGINEERING
12·16CATALANO RD
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BORALPl..ASTERBOARO
616lORlt.ERsr
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BAUll 6 WfRAUSTRALIAnY LTD
POBOXm
~RfI'tUlLS 2OO(

CHAllWICKITCHNOlOGY
9COOK STREET
rORES1Vl.LE2O/l1

CSRBRAOFOADINSULATtON
lEV£L ~. 9H£LPSIREfT
CHATSWOOD 2067
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CHlf'PI~tt(JllCW2 170

G P EMBfUON&COPTYl1D
14r·149 BMERS ROAD
COBLA>3058

IIlCCDRPORATlONPTYLTD
22Cl1UANDROAD
OAI\LHGH SOOTH3167

JOYCEFOAM PflODUCTS
H BA1DGf.S R()A,O
"OJREBAHK2110

NSWEItVIROMMENT
PROTECTIOM AUTHORlTY
tOCKEO6AG 1502
8ANKSTOWN2200

NDISECONTIIOL AUSTlW.IAP,\
roTIHwtSONfIOAD
t.4001VJ(f 1l31

PEACEENGINEERINGPTYlTO
2-1DMARlGDLDST1IU:T
REVESBY2212

I'YROTUPTYLTO
POBOX2tiO
TOONGABBlf2146

SAFm EOUPMENT AUSTRAlIAPA.
PllrvATIBAG 1001
MOttAVAl.£Z103

VlPACENG1NEERS AND
SCIENTlSnlTO
275~I,/,WlYROAD

PCflT t.ElfIOUflNE 3207

WOR.C DVE RACOUSnCS
919LONDOODERRYRD
LOt()()N((RRY2753

Weleome to tti e gui et world of

SOUND BARRIER SYSTEMS
0 8 UBI:E GGAZE and HEAR ttie d ifference

HERE IS WHY :
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ITH THE PC SERIES, .
SONY SET NEW STANDARDS IN DATA
ACQUISITON RECORDER TECHNOLOGY

Whe n n co me s 10 data acquisition I"c lloolol:y lo ' sci enti f,c and ind ustr ia l

appl;cU io ns . no o ther cO mn close to Sony_ 0 .... commitment \0 re se arch and

d.......lop rn.. nt hu led to lldvllnce men li tlllt t r.,ly place Sony , ecord.." in a d .."

To rn.. ..t l~ ....... er _l.,owing demll nds o f mod er n sci..", .. and industr y. t he new SIR

" ''I e' , eco,ders inco rpo rat e th .. Sony ·develo pe d Advanced Inte llige nt Tape (AIT)

tec hnology . Th e SIR.e. iesdeliv e rt Illl h p erfor m a n c e and a dva n c ed

f " nc ~l on a l lt , ; n In incredI bly co mpact and light we ight body

gjT READY FOR
AN EVEN GREATER ADVANCE ...
INTRODUCING THE SIR SERIES

Both th.. PC Se"e. and Ihe . evolu' ,ona ry ne w SIR.Se ries comb ine inc redrble

po rt abili t ywith e x t • • m e r Ul l ed ll e s , . and have been dev elope d fo r

eu'e ptlo n a l perfo r m an c e ,n the f,eld lind in t he laborat ory

The PC and SIR S eri e~ of Dau A( qu isiti on Re corders _ ye t another demo'''tra

tionof Sony·scommi \ment to inn ova tion and techno lo 2;Cal advancemeflt

For fu rthe r informaliofl On t he impr essive range of SOn~ Data Acqu isit ion

Rec o rde .., fox your name , c ompan ~ an d retur n ad d re ' , to (61) 2 980 51 15 1

re'l ues ting you r fr e e co py o f d em o ' o ft w :or . and info pack
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BRUEL & KJAER 'S PULSE SYSTEM HELPS
MONITEK WITH THEIR VIBRATION MONITORING

Bruel & Kjrer
Purtflers in sound and vibra tion

Avoi dinll d iSlUfers

Producnon machtne ry works

around Ih e clock.shutttog down

only for prevemauv e mainte nanc e

an d re pair. The punis hment th is

machinery end ures wlll ultimat ely

resullin machinelal lure.

When th is happens unexpectedly,

me euects can be r nsesterous.

Simple, effectiv e monitoring

Using PUl5 E allows Monttek's

engineers to monit o r and analyse

mac hinery under no rma l working

condl tlo ns.

Not only does this ldentl ly potential

break downs wt'lIln ad va nce ,i l

also allows fur better overall

plannmg. maximises machine life

and eliminates cosi ly repai r bill s.

Wnrldnillogetber

Monl tek specialises in vi bration

monito r ing. Th at 's why, after an

exhaustl ve two ye arsearch, lhey

chose the PULSE rnultl-a nalyzer

as the preferred sys tem- the ir

reputat ion depends on it!

Keep your linger on the PlJl5E .

CalIBruel&JQaeron UIOO 1I02 852.




