
Noise pollution and 
the cost of hearing loss 

The finding that continual exposure to noise can lead to 
hearing loss was first reported in 1831 by a Dr J. Fos-
broke. Writing in The Lancet, he described an affliction 
called 'blacksmith's deafness'. 

H i s sugges t ion for a cu re is ind ica t ive of 
med i ca l o p i n i o n at t ha t t i m e : 'I do for m y 
o w n par t bel ieve firmly tha t if deafness 
were t reated w i t h decis ive b l eed ing at i ts 
first c o m i n g on i n p le thor i c subjec ts , it 
m i g h t be cu red a n d p reven ted from es tab
l i s h i n g itself.' 

L a t e r repor ts by o thers desc r ibed deaf
ness i n bo i l e rmaker s , ra i lway m e n , a n d 
r i f le-bearing h u n t e r s , u n t i l by early th i s 
cen tu ry the re was genera l r e cogn i t i on of 
t he d a m a g i n g effect of p ro longed expo
sure to loud no i se . P h y s i c i a n s at t ha t t i m e 
u s e d t u n i n g forks to m e a s u r e h e a r i n g loss , 
a s k i n g the i r pa t i en t s to te l l t h e m h o w l o n g 
a fork cou ld be h e a r d after it h a d b e e n 
s t ruck . 

N o w a d a y s , w e c a n m e a s u r e h e a r i n g 
loss w i t h cons iderab ly greater p rec i s ion . 
T h e I n t e r n a t i o n a l S t anda rds Organ iza
t ion cons ide r s a p e r son ' s h e a r i n g signif ic
ant ly impa i r ed w h e n h i s abil i ty to hea r 
t ones a t 500 her tz , 1000 H z , a n d 2000 H z 
— t h e c ruc ia l speech f requencies — is 
decreased by a factor of 18 , or 25 dec ibe l s . 

W e k n o w n o w tha t l oud no i se causes 
excess ive v ibra t ion a n d fa t igue of s t ruc
tu res i n t he i n n e r ear, par t icu lar ly t he 
de l ica te ha i r cel ls t ha t conver t phys ica l 
m o v e m e n t i n t o e l ec t r i ca l i m p u l s e s for 
t r a n s m i s s i o n to t he b ra in . 

O u r ears have a r e m a r k a b l e abil i ty to 
r e s p o n d to bo th very soft a n d very l oud 
s o u n d s . S o u n d is a p r e s su re wave i n t he 

Sometimes ear-muffs are the only 
answer. 

air : our ears can detect p ressu res as l ow as 
20 m i c r o p a s c a l s a n d — a l t h o u g h on ly 
m o m e n t a r i l y w i t h o u t pa in — can wi th 
s t a n d p r e s s u r e s as h i g h as 63 000 000 
mic ropasca l s . O n a l o g a r i t h m i c scale , tha t 
is a r ange from 0 dec ibe ls to 130 dec ibe ls 
— bet ter t h a n the d y n a m i c r a n g e of m o s t 
scient if ic m e a s u r i n g i n s t r u m e n t s . S o u n d 
levels a re usua l ly quo ted i n dec ibe ls (dB) 
a n d given a w e i g h t i n g acco rd ing to the i r 
f requency so as to m a t c h m o r e closely ou r 
pe rcep t ion of a s o u n d ' s l o u d n e s s . T h i s 
m e a s u r e — the dBA sca le — also gives a 
good ind ica t ion of t h e d a m a g e po ten t ia l of 
s o u n d s . 

A l t h o u g h shor t bu r s t s of loud no i se are 
l ikely to lead to only a t emporary loss i n 
h e a r i n g sensi t ivi ty , sc ien t i s t s w h o s tudy 
h e a r i n g have found tha t c o n t i n u a l expo
su re to sound-p re s su re levels above 85 
d B A m a y lead to p e r m a n e n t h e a r i n g loss . 
T h e degree of i m p a i r m e n t depends o n the 
n o i s e level and i ts du ra t i on , as wel l as t he 
s u s c e p t i b i l i t y of t h e i n d i v i d u a l . S o m e 
peop le have w h a t is k n o w n as ' ha rd ears ' 

— a s e e m i n g i m m u n i t y to h e a r i n g d a m 
age . 

N e v e r t h e l e s s , c o n s i d e r i n g t h e c o m 
m u n i t y at la rge , a tab le of risk c a n be 
d r a w n u p s h o w i n g t h e p e r c e n t a g e of 
peop le expec ted to s h o w deafness — de
fined as a h e a r i n g sensi t ivi ty decreased by 
25 d B or m o r e a t speech f requencies . T h e 
tab le is r ep roduced o n page 17. 

I t s h o ws that 2 1 % of peop le w o r k i n g i n 
an e n v i r o n m e n t w h e r e they are exposed 
con t inua l l y to 90 dBA wil l s h o w d is t inc t 
deafness because of t h e no i s e after 40 
years ' exposure (a 4 0 - h o u r week , 50-week 
year is a s sumed) . Actua l ly , 5 4 % of s u c h 
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workers wi l l be i n t he hear ing-a id l e ague 
b e c a u s e t he effects of a g e i n g m u s t b e 
added too. T h e b o t t o m l ine of t he table 
s hows t h e effect of age only , a n d the se 
base va lues m u s t be added to t hose i n t h e 
res t of table to get t h e to ta l pe r cen t age of 
peop le w i t h impa i r ed hea r ing . 

C o n c e r n abou t t h e d a m a g i n g effect of 
n o i s e h a s p r o m p t e d a r e s p o n s e a t a 
n u m b e r of levels . S o m e large indus t r i a l 
p l a n t s h a v e i n s t i t u t e d h e a r i n g -
c o n s e r v a t i o n p r o g r a m s d e s i g n e d to r e 
d u c e h e a r i n g d a m a g e . M a c h i n e m a n u f a c 
tu re r s have a t t empted to r e d u c e t h e no i s e 
of t h e e q u i p m e n t t h e y s e l l . B e t t e r , 
cheaper , a n d m o r e comfor table ear p ro tec
t ion h a s b e c o m e avai lable . Las t ly , legis la
t i on has n o w m a d e h e a r i n g conse rva t ion 
manda to ry . 

Daily noise dose 

D u r i n g the pas t few years , laws have b e e n 
enac ted i n all Aus t r a l i an Sta tes to l imi t 
t h e level of no i s e pe rmi s s ib l e for worke r s 
i n indus t ry . T h e l eg i s la t ion is based o n 
Aus t r a l i an S t anda rd 1269, i n "which t h e 
concep t of a 'daily no i se dose ' is def ined. 

requi res tha t ac t ion m u s t be t aken to re 
d u c e the no i se dose . S u c h ac t ion can take 
three forms. 

T h e f i r s t i s e n g i n e e r i n g c o n t r o l , 
w h e r e b y m a c h i n e s a r e m a d e q u i e t e r , 
e i ther by redes ign or by p rov id ing pro tec
tive screens or boxes (see the box on p a g e 
15). 

Admin i s t r a t ive no i s e con t ro l is t he sec
ond form. T h i s cal ls for m e a s u r e s s u c h as 
r o s t e r i n g w o r k e r s b e t w e e n n o i s y a n d 
quiet loca t ions or r educ t i on of m a c h i n e 
speeds. 

A s a las t resor t , pe r sona l h e a r i n g p ro 
t ec t ion m a y be t h e on ly a n s w e r . T h i s 
m e a n s t he provis ion of ear-plugs or ear-
muffs. T h e s e devices are often a n u i s a n c e , 
becoming uncomfor t ab le to wear i n m a n y 
ca se s , especia l ly i n h o t e n v i r o n m e n t s . 
F u r t h e r m o r e , s o m e workers feel tha t they 
c a n n o t c o m m u n i c a t e as we l l w h e n wear
ing the u n i t s , or t ha t they c a n n o t as easily 
hea r tel l- tale no i ses from thei r m a c h i n e r y 
tha t w o u l d signify faulty opera t ion a n d 
poss ible danger . ( T h e box o n page 14 
d iscusses t he p r inc ip les of these devices.) 
C o n s t a n t superv is ion arid a regu la r test-

T h e m a x i m u m c o n t i n u o u s n o i s e level to 
w h i c h a worke r c a n b e exposed for a n 
8-hour day h a s b e e n set at 90 d B A — a 
no i s e dose of 1. 

O the r ways of r ece iv ing a daily no i s e 
dose of 1 i n c l u d e exposure to 93 d B A 
(double t h e in tens i ty of 90 dBA) for 4 
h o u r s , 96 dBA for 2 h o u r s , a n d so on . T h e 
ra t ionale b e h i n d the daily no i se dose is 
tha t in al l cases t h e a m o u n t of s o u n d 
energy received per day r e m a i n s cons tan t . 

N o i s e - d o s e m e t e r s ava i lab le i n c l u d e 
types tha t a worker , exposed to any variety 
of l o u d s o u n d s , c a n w e a r i n h i s v e s t 
pocket . At the end of t he day the u n i t gives 
a read-out of t h e in tegra ted no i s e dose . If 
the r ead ing exceeds 1 · 0 , t he leg is la t ion 

i n g of the workers ' h e a r i n g by aud iome t -
r is ts are needed to e n s u r e that t h e p ro tec
t ion is effective. 

The cost of protection 

I n a paper prepared for t he T e n t h In te r 
na t iona l Congres s o n Acous t i c s i n Syd
ney last m o n t h , D r D o n G i b s o n and D r 
M i c h a e l N o r t o n , of t he CSIRO D i v i s i on of 
Mechan ica l E n g i n e e r i n g , p resen ted es
t imates of t h e a n n u a l cos t to Aus t r a l i an 
indus t ry of u n d e r t a k i n g persona l h e a r i n g 
pro tec t ion ( i s su ing ear-muffs and so on) 
so that n o worker wou ld be exposed to a 
daily no ise dose greater t h a n 1. 

T h e y c o n c l u d e d tha t t h i s p r o t e c t i o n 
w o u l d cost near ly as m u c h a n n u a l l y as t he 

w o r k e r s ' c o m p e n s a t i o n p a y m e n t s for 
h e a r i n g d a m a g e tha t cou ld resu l t if it was 
n o t provided. F u r t h e r m o r e , they found 
tha t t he cost of r e d u c i n g m a c h i n e no i se to 
legal l imi t s by e n g i n e e r i n g m e a n s ( the 
al ternat ive, and cer ta in ly t he bes t l ong-
t e rm solut ion) wou ld s ignif icant ly exceed 
s u c h p a y m e n t s . 

Noise as a pollutant 

All m a c h i n e s genera te no i s e as a n u n 
w a n t e d b y - p r o d u c t , s o m e m o r e offen
sively t h a n o the r s . T h e p r o b l e m for u s a t 
t he m o m e n t i s t ha t no i s e w a s n ' t cons i 
dered i n t he des ign of m o s t e q u i p m e n t 
p re sen t ly ins ta l l ed . As a c o n s e q u e n c e , 
no i se w i l l b e d e v i l u s for a t l e a s t t h e 
e c o n o m i c life of p resen t m a c h i n e r y , say 
20 years . 

There is no financial 
incentive for most industry 
to reduce noise to 90 dBA. 

U n t i l these m a c h i n e s a re replaced, we 
m u s t r esor t to r e m e d i a l m e a s u r e s l i ke 
box ing- in a noisy m a c h i n e . C o n s i d e r i n g 
no i s e as a po l lu t an t , tha t ' s a ra ther ex
t reme m e t h o d of po l lu t ion con t ro l — i t ' s 
far bet ter to h a n d l e the po l lu t ion at i ts 
source . I t has been es t imated tha t t he cos t 
of i n c o r p o r a t i n g n o i s e - r e d u c t i o n 
t e c h n i q u e s i n n e w m a c h i n e s is a b o u t 
one - t en th tha t of p r e sen t 'band-aid ' p rac 
t ices . 

B u t let u s concen t r a t e o n the no i se en
v i r o n m e n t w e have inher i ted . Very few 
p u b l i s h e d survey da ta are ava i lab le i n 
Aus t ra l i a o n no i s e e n v i r o n m e n t s in in 
dust ry , or o n t he loss of h e a r i n g and the 
a m o u n t of workers ' c o m p e n s a t i o n pay
m e n t s associated w i t h no i se . T o get to 
grips w i t h the p r o b l e m , t he research t e a m 
therefore had to rely o n a survey by the 
S o u t h Aus t ra l i an D e p a r t m e n t of P u b l i c 
H e a l t h o n the no i s e level i n tha t State 's 
G o v e r n m e n t W o r k s h o p s , t oge the r w i t h 
t he resul ts of surveys conduc t ed in t he 
U n i t e d Sta tes . 

Noise wasn't considered in 
the design of most 
equipment presently 
installed. 
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Communication in a noisy environment 

I n a par t icu lar ly noisy work-p lace , it is 
necessary to ra ise o n e ' s voice , or even 
s h o u t , to c o m m u n i c a t e w i t h somebody 
e l se . I n t h e s e s i t u a t i o n s , w e a r i n g ear-
muffs or ear -p lugs wi l l st i l l a l low com
m u n i c a t i o n to take p lace : t he voice and 
the s u r r o u n d i n g n o i s e are s imply r educed 
by equa l a m o u n t s . I n d e e d in te l l ig ibi l i ty of 
t he speech m a y be improved b e c a u s e t he 
ear i sn ' t over loaded a n d r e s p o n d i n g i n a 
d is tor ted way. S imi lar ly , t he audibi l i ty of 
m a c h i n e r y and w a r n i n g s igna l s shou ld 
r e m a i n w h e n h e a r i n g p ro tec t ion is w o r n . 

M r T e d L h u e d e of t h e D i v i s i o n of 
B u i l d i n g R e s e a r c h t e s t e d a va r i e ty of 
muffs for use by sawmi l l e r s . T h e workers 
great ly preferred o n e type of muff, w h i c h 
was l ight , d idn ' t c l a m p too forcefully o n 
the ears , yet provided a good 19 d B no i se 
r e d u c t i o n . T h e o n l y w i d e s p r e a d c o m 
p la in t was tha t they were ' t oo ho t ' . E x c e p t 
for a few older s awmi l l e r s , n o n e of t h e m 
compla ined of any adverse effect on work
i n g abil i ty or sugges ted tha t t he re was any 
p r o b l e m b e c a u s e t h e s a w c o u l d n ' t b e 
h e a r d proper ly . 

T h e older workers probably a l ready suf
f e r e d h e a r i n g i m p a i r m e n t , s o h i g h -
f requency s o u n d was so a t t enua t ed tha t it 
b e c a m e inaud ib l e . I n th i s case , ear p ro tec
t ion shou l d no t be d i sca rded ; it is even 
m o r e impor t an t t ha t t h e res idua l h e a r i n g 
abil i ty is no t fur ther impa i red . 

T h e answer l ies i n i m p r o v i n g t he aud i 
bili ty of t he s igna l , or p rov id ing o the r 
m e a n s of w a r n i n g . Al te rna t ive ly , specia l 
c o m m u n i c a t i o n e q u i p m e n t , cons i s t i ng of 
no i se -cance l l i ng m i c r o p h o n e s a n d head
se ts e q u i p p e d w i t h e a r p h o n e s , c a n be 
used . S u c h e q u i p m e n t is c o m m o n l y u s e d 
i n p laces w h e r e t he no i se level is too h i g h 
to a l low peop le to ta lk — or even th ink! 

T h i s body of data was s u p p l e m e n t e d 
by in fo rmat ion suppl ied direct ly to t he 
r e sea rche r s by g o v e r n m e n t a l a g e n c i e s , 
pr ivate indus t r ia l bod ies , and acous t ica l 
c o n s u l t a n t s i n N e w S o u t h W a l e s a n d 
Victor ia . 

D r G i b s o n and D r N o r t o n first took t he 
figure for the n u m b e r of peop le cur ren t ly 
e m p l o y e d i n a n i n d u s t r i a l s e t t i n g i n 
Aust ra l ia — 416 000 t r adesmen , p roduc 
t i o n w o r k e r s , l a b o u r e r s , a n d t h e l i k e . 
T h e n , u s i n g the A m e r i c a n survey resu l t s 
as a gu ide , they es t imated tha t 2 6 % of our 
indus t r i a l work force — 108 000 peop le — 
are c o n t i n u o u s l y exposed to no i s e levels 
greater t h a n 90 dBA. 

H o t work like this can make ear-muffs 
uncomfortable . 

At t he CSIRO N a t i o n a l M e a s u r e m e n t 
L a b o r a t o r y , M r V i c B u r g e s s h a s d e 
ve loped a par t i cu la r ly su i tab le fo rm of 
s u c h a device. It u s e s rad io l inks l ike o ther 
u n i t s , bu t t he way the s igna l is t r ansmi t t ed 
a l lows workers to t u n e in to the i r fel lows 
s imply by c o m i n g i n t o p rox imi ty to t h e m . 
A l t h o u g h only o n e f requency is u sed , in
terference is avoided. 

T h e tr ick is to u s e F M m o d u l a t i o n i n 
c o n j u n c t i o n wi th i n d u c t i o n field t rans
m i s s i o n . T h e former a l lows t he ' cap tu re 
effect' to take p lace , whe reby only t he 
s t ronges t (closest) s igna l is hea rd ; t he lat
ter m e a n s tha t t he s igna l s t r eng th falls 
away very quickly , g iv ing a l imi ted r a n g e 
of about 10 me t re s . 

Mr Burgess or ig ina l ly des igned the sys
t e m as a wire less h e a r i n g aid for u s e by 

A s s u m i n g an age d i s t r ibu t ion for these 
workers ident ica l to tha t of t he Aus t ra l i an 
popu la t ion at la rge , t he resea rch pair es
t imated the h e a r i n g d a m a g e that wou ld 
resu l t if they were exposed to 90 d B A , the 
l ega l ly a l l o w a b l e l i m i t . S o m e 42 0 0 0 , 
about 3 9 % of the exposed workers , wou ld 
be afflicted wi th impa i red hea r ing . S o m e 
wou ld be affected wor se t h a n o thers , bu t 
the r e sea rch sugges t s tha t they wou ld suf
fer an average h e a r i n g loss of 6%. 

Of c o u r s e t h e o l d e r w o r k e r s , n e a r 
r e t i r emen t , are l ikely to be t he m o s t sev
ere ly affected by n o i s e e x p o s u r e . T h e 
researchers ca lcu la ted that , of those w h o 
h a d been at t he work-place for 45 years , 

deaf ch i ld ren i n schools — the N a t i o n a l 
Acous t i c Labora to ry is present ly h a v i n g 
500 of t he u n i t s m a n u f a c t u r e d for th i s 
pu rpose after successful t r ia ls w i t h pro to
types . C o m m e r c i a l m a n u f a c t u r e of t he 
u n i t is p l a n n e d to beg in later . 

P l a c i n g t he m i c r o p h o n e of t he h e a r i n g 
aid nea r t he speaker ' s l ips gives improved 
inte l l ig ibi l i ty of t he voice above su r round
i n g no i se . Of cou r se , w h a t M r Burgess ' 
device does for deaf peop le (his wife was 
b o r n deaf from G e r m a n meas le s ) , it cou ld 
a lso do for those w i t h n o r m a l h e a r i n g i n 
very noisy e n v i r o n m e n t s . A vers ion su i ted 
t o t h i s p u r p o s e w o u l d n e e d a n o i s e -
c a n c e l l i n g m i c r o p h o n e a n d a s u i t a b l e 
headse t . 

A frequency b a n d h a s recent ly b e e n al
loca ted by the i n t e rna t i ona l body regula t 
i n g rad io c h a n n e l a l l o tmen t s specifically 
for M r Burgess ' sys tem (and s imi lar ones 
tha t wi l l n o d o u b t follow). 

I-

9 3 % w o u l d suffer h e a r i n g loss , w i th a n 
average loss of 8%. 

T h e effects of exposu re to h ighe r no i se 
levels wou ld obviously be greater . F r o m 
the f igures avai lable to the resea rch pair , it 
appears tha t the workers in some i n d u s 
tr ies are exposed to no i se levels averag ing 
wel l above 90 dBA. E x a m p l e s i nc lude t he 
paper indus t ry , at 98 dBA, and a n u m b e r 
of indus t r i e s at 94 d B A (text i les , t imber , 
tobacco , a n d pr imary me ta l manufac tu re ) . 
At 94 dBA, 5 0 % of var ied-age workers 
w o u l d suffer an average h e a r i n g loss of 
ab o u t 8%; and at 98 d B A , 6 3 % w o u l d 
suffer an average 1 0 % h e a r i n g l o s s . I n th is 
way, the resea rchers w e n t t h r o u g h each 
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i ndus t ry ca l cu la t ing t he h e a r i n g impai r 
m e n t of i ts workers . 

N e x t , they cons ide red the l u m p - s u m 
c o m p e n s a t i o n f igures paid to workers for 
loss of h e a r i n g . T h e awards m a d e by vari
ous au thor i t i e s vary cons iderab ly : h o w 
ever, t he average s u m paid for total loss of 
h e a r i n g i n 1979 was $19 600 , a 5 0 % loss 
of h e a r i n g wou ld b r ing $9800 , and so o n 
for o the r degrees of h e a r i n g loss . O n tha t 
r e c k o n i n g , t h e r e s e a r c h e r s e s t i m a t e it 
w o u l d r equ i re $ 2 0 0 m to c o m p e n s a t e all 
t he h e a r i n g d a m a g e p resen t i n the Aus t ra 
l i an work force (or a r ecu r r en t l iabil i ty of 
$ 6 m a year as u n e x p o s e d workers en te r 
t he work force and o the r s ret ire) . 

E v e n if al l excess ive no i se were b r o u g h t 
d o w n to t he 90-dBA l imi t , we saw, above, 
tha t 42 000 workers w o u l d sti l l sus t a in 

continued on page 17 

An engineering approach to 

W i t h i n a j e t -eng ine test cel l it is poss ib le 
to h a v e o n e of t he la rges t e n g i n e s operat
ing at full power yet i naud ib l e to peop le 
w i t h i n 100 me t r e s of t he bu i ld ing . T h e 
idea b e h i n d the tes t ce l l , a n d the app roach 
to m o s t e n g i n e e r i n g r emed ies for exces
sive no i s e i n indus t ry , is to in t e rpose a 
sc reen be tween the sou rce and the re 
ceiver . 

T h e s imples t sc reen is air i tself — tha t 
is , i nc reased space be tween m a c h i n e a n d 
ope ra to r . If t h e r e is n o re f lec t ion , t h e 
sound-p re s su re level wi l l decrease as t h e 
inverse square of t he d i s t ance from a po in t 
source . T h a t i s , t he level wil l fall by 6 d B 
for e a c h d o u b l i n g of d i s t a n c e . Unfo r 
tuna te ly , if t he operator is c lose t o a n 
ex tended source — a bo t t l i ng l ine , for 
example — the level wi l l decrease m o r e 
s lowly. 

Cons ide r too t he effect of t he s o u n d 
reflected from wal l s — the reverberen t 
s o u n d field. T h i s c a n be l oude r t h a n the 
d i rec t s o u n d , par t icu la r ly w h e r e a bank of 
m a c h i n e s is at work , s ince t he opera tor 
wi l l e n c o u n t e r b o t h t h e d i rec t a n d re 
verberent s o u n d from all t he m a c h i n e s . 
Genera l ly , t he no i s e level of a r ow of 
m a c h i n e s is 4 - 6 d B A h i g h e r t h a n tha t of a 
s ing le m a c h i n e . H o w e v e r , if the r o o m is 
h igh ly reflective, t h e n the level can be 
s o m e 10 d B A h i g h e r . 

I n s u c h s i t ua t ions , a n acous t i c ce i l ing , 
or t rea ted wal l s , c a n r e d u c e t h e s o u n d 
level by m o r e t h a n 3 dBA. 

H o w e v e r , i n m o s t s i t u a t i o n s , n o i s e 
r educ t ions be tween 15 a n d 25 d B A are 
usua l ly sough t . T h e e n g i n e e r i n g answer 

85 90 96 102 108 

Legislat ion now requires that nobody 
should be exposed , unpro tec ted , to more 
than a daily noise dose of 1, shown as 
the line on the graph. At 90 dBA, for 
example , exposure mus t not exceed 8 
hours a day. 

lower industrial noise 

is to box- in t he offending m a c h i n e — or, 
a l ternat ively , enc lose the operator . 

Noise in sawmills 

M r T e d L h u e d e and M r Bil l D a v e r n , of 
the CSIRO D iv i s ion of B u i l d i n g Resea r ch , 
surveyed the no i se levels i n some 40 saw
mi l l s in Aus t ra l ia . T h e y found that t he 
average level of no i s e i n sawmi l l s at t he 
opera tor ' s pos i t ion r anged from 95 dBA to 
105 dBA. Peak read ings u p to 119 d B A 
w e r e r e c o r d e d . A u d i o m e t r y t e s t s c o n 
duc ted o n some of the workers conf i rmed 
t h e expec ted : t h e h e a r i n g of a n u m b e r of 
t h e m had been impa i red . 

As a m e a s u r e to protect t he h e a r i n g of 
t he 3 - 4 0 0 0 workers involved in t he in 
dus t ry , M r L h u e d e a n d M r D a v e r n de
s i g n e d s u i t a b l e e n c l o s u r e s — for 
m a c h i n e s a n d opera tors — to r e d u c e no i se 
levels . S o m e enc losu re s were comple t e 
b o x e s , o the r s were par t ia l ly open , a n d 
s o m e compr i sed jus t a s ing le pane l . T h e 
first cou ld give r educ t ion u p to 30 d B A , 
provided solid mate r ia l s backed by po rous 
l i n i n g s w e r e u s e d ; t h e s i m p l e s c r e e n 
cou ld provide a qu i t e wor th -whi l e r educ
t ion of abou t 5 dBA. 

O f c o u r s e , i f t h e m a c h i n e , o r t h e 
opera tor , c a n n o t be enc losed , the last re
sort (not a n e n g i n e e r i n g solu t ion) i s to 
e n c l o s e t h e ear w i t h ear-muffs or ear
p l u g s . At t he start of the i r s tudy , i n 1974, 
M r L h u e d e found tha t only ab o u t 1 0 % of 
workers used ear-muffs. B u t 4 years la ter 
t he ex ten t of u s e had c h a n g e d marked ly : 
in pa r t i cu la r s awmi l l s t he re is n o w a nea r 
comple t e accep tance of muffs . 

T h e s i tua t ion is no t qu i t e so satisfac
tory a m o n g t imber-fa l lers , as a s tudy by 
M r M e l H e n d e r s o n of t he D iv i s ion of 
F o r e s t R e s e a r c h showed . As par t of a n 
i n v e s t i g a t i o n i n v o l v i n g 31 f a l l e r s , h e 
found n o n e of t h e m u s i n g ear-muffs, de 
spi te no i s e levels as h i g h as 106 d B A a n d 
daily no i se doses r a n g i n g from 2 to 14•5 
— far above the l imi t of 1. 

E v e n after c o n d u c t i n g a s e m i n a r o n 
no i se - induced h e a r i n g d a m a g e and issu
i n g muffs , h e found tha t , 16 weeks later , 
on ly two fallers were w e a r i n g t h e m for 
l ong e n o u g h to prevent p e r m a n e n t hear
ing d a m a g e . 

M r H e n d e r s o n a t t r ibu tes t h e low level 
of u s e to t he u n p l e a s a n t n e s s of ear-muffs 
u n d e r ho t and a r d u o u s cond i t i ons . 

O t h e r aspects of ear-muff u s a g e are d is 
cussed in t he box ' C o m m u n i c a t i o n in a 
noisy e n v i r o n m e n t ' . 

Noisy spinning frames 

S p i n n i n g in text i le mi l l s is ano the r p ro 
cess p r o d u c i n g h i g h no i se levels . T y p i 
cally, levels of 96 dBA are found , bu t D r 
D ie t e r P l a t e of t he D i v i s i on of T e x t i l e 
Indus t ry h a s m e a s u r e d levels as h i g h as 
102 dBA. 

E x p e r i m e n t i n g w i t h c o m m e r c i a l spin
n i n g frames i n h i s labora tory , D r P la te 
and h i s co l l eagues have m a d e modif ica
t ions to t h e m tha t r e d u c e no i s e o u t p u t by 
m o r e t h a n 5 dBA. T h e i r resu l t s ind ica te 
tha t e n g i n e e r i n g mod i f i ca t i ons s h o u l d 
enab l e a bank of m a c h i n e s to be r u n at 
10 000 r .p .m. w i t h no i s e levels be low 90 
dBA. 
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A quieter domestic environment 

T h e same noise tha t causes h e a r i n g d a m 
age in indus t ry is a lso l ikely to escape the 
factory and cause a n n o y a n c e to s u r r o u n d 
i n g res iden t s . S i n c e s o u n d levels wi l l d rop 
by abou t 6 d B for each d o u b l i n g of d is 
t a n c e , they wi l l cer ta in ly n o t be d a m a g 
i n g , bu t cou l d cause i r r i ta t ion for h u n 
dreds of m e t r e s r o u n d about . 

At o n e of the t imber mi l l s surveyed by 
M r T e d L h u e d e of t h e D i v i s i o n of Bui ld
i n g R e s e a r c h , no i s e levels at t he pe r ime te r 
cou ld be expected to be 5 5 - 6 0 d B A , and 
i n t h e early h o u r s of t he m o r n i n g th i s 
cou ld be unaccep t ab l e t o a n u m b e r of 
peop le , par t icu la r ly i n a coun t ry env i ron
m e n t . 

A u s t r a l i a n S t anda rd A S 1055 specif ies 
t h a t i n t h e q u i e t e s t n e i g h b o u r h o o d s , 
' a reas w i t h neg l ig ib le t r anspor t a t ion ' , you 
may expec t 30 dBA ou t s ide your b e d r o o m 
w i n d o w . I n t he no i s ies t , ' a reas in p redo
m i n a n t l y indus t r i a l d is t r ic ts or w i t h ex
t remely d e n s e t r anspor t a t ion ' , 55 d B A is a 
m o r e rea l is t ic expec ta t ion . 

T h e s o u n d level i n s ide a r o o m w i t h a n 
open w i n d o w is r o u g h l y 10 d B A less t h a n 
tha t ou t s ide , so t he no i se level i n your 
b e d r o o m genera l ly r a n g e s from 20 to 45 
d B A . T h e S t a n d a r d ind i r ec t ly i m p l i e s 
tha t 30 d B A is t he m a x i m u m level re
c o m m e n d e d for i n t r u d i n g no i se i n bed
r o o m s . 

G a u g i n g from t h e 60—80 inqu i r i e s t h a t 
M r P a u l D u b o u t of t h e D iv i s i o n receives 
each year f rom M e l b o u r n e h o u s e h o l d e r s 
w h o w a n t to r e d u c e no i s e i n the i r h o m e s , 
m a n y p e o p l e e x p e r i e n c e h i g h e r l eve ls 
t h a n tha t . 

Surpr i s ing ly , i ndus t r i a l no i s e is rarely 
t h e p rob l em; i n a b o u t hal f t he cases t h e 
n o i s e w a s se l f - in f l i c t ed , a r i s i n g f rom 
s o u r c e s i n s ide t he h o m e . S o m e 3 4 % c o m 
p la ined of t h e s o u n d of o the r s t a lk ing , or 
of no i ses from te lev is ion , r ad io , or hi-fi. 

O n l y 3 % c o m p l a i n e d of no i ses e m a n a t 
i n g from the h o m e s of n e i g h b o u r s . 

I n d o o r b u i l d i n g services s u c h as hea t 
i n g , coo l ing , ven t i l a t ion , and p l u m b i n g 
a c c o u n t e d for 1 2 % of i n q u i r i e s , t h ree -
quar te r s of t h e m re la ted to e q u i p m e n t i n 
t h e inqu i re r ' s o w n h o m e . A n o t h e r 1 3 % 
w e r e c a u s e d by o t h e r d o m e s t i c n o i s e 
sou rces , a b o u t equa l ly divided be tween 
t h e h o m e s of t h e i n q u i r e r a n d h i s 
n e i g h b o u r s . I n t h e last ca tegory , t he n o i s e 
of t he n e i g h b o u r ' s a i r -condi t ioner or poo l 
filter p u m p can be especial ly dis tasteful . 

O u t d o o r no i s e sources a c c o u n t e d for 
4 1 % of al l h o u s e h o l d i n q u i r i e s . Road traf
fic a roused 2 3 % , aircraft 4 % , a n d indus t ry 
a n d b u i l d i n g c o n s t r u c t i o n ( a n d o t h e r 
noises) 14%. 

As a n o t h e r po in t e r towards t he level of 
u n w a n t e d n o i s e in t h e h o m e , we have t h e 
resu l t s of a survey c o n d u c t e d by D r M a u 
reen Worsley and M r R i c k F i n i g h a n , of 
t he Div i s ion . I n o n e M e l b o u r n e s u b u r b , 
they found 3 0 % of r e s p o n d e n t s vo lunteer 
i n g c o m p l a i n t s abou t no i s e w h e n s ta t ing 
w h a t 'privacy' m e a n t to t h e m . I n th is case 
t he sources of no i se m e n t i o n e d were pre
d o m i n a n t l y ou t s ide t h e h o m e , i n c l u d i n g 
factory n o i s e , l a w n - m o w e r s , traffic, and 
n e i g h b o u r s t a lk ing or a rgu ing . 

Ear-muffs in bed 

Of course , the hardes t t h i n g to do is to find 
a c h e a p a n d a c c e p t a b l e s o l u t i o n . Ea r -
muffs or ear -p lugs work very wel l , bu t 
they are hardly a n accep tab le answer for 

m o s t peop le . T o l e r a b l e levels of no i s e 
a lso vary a m o n g people . Howeve r , v e r y 

w wou ld no t prefer a b a c k g r o u n d level of 
traffic or o the r n o i s e to be lower t h a n 55 
dBA. 

Par t i t ions a n d o the r b u i l d i n g c o m p o 
n e n t s of h i g h s o u n d i n s u l a t i o n a re cost ly , 
bu t they wi l l do t he job if wisely used . F o r 

a  h o u s e u n d e r c o n s t r u c t i o n , 100-mm-
th ick t h e r m a l i n s u l a t i on bat ts p laced i n 

e wal l s wi l l improve t h e acous t i c per
fo rmance by abou t 5 d B A . 

T h e p r o b l e m l ies m o r e w i t h w i n d o w s , 
par t icu la r ly w h e n the object is to e x c l u d e 
traffic n o i s e , w h i c h con t a in s p r e d o m i n 
ant ly low-frequency c o m p o n e n t s . G o o d , 
h i g h , solid fences or e m b a n k m e n t s a r e 
s tar t , bu t beyond ins t a l l ing t ight ly sea l ing 
w i n d o w s w i t h th ick g lass i n t h e m , l i t t le 
m o r e c a n be d o n e . 

Of course , t h e obv ious way to dec rease 
traffic no i s e is to m a k e qu ie te r veh ic les . 
Aus t r a l i an des ign r u l e 28 se ts ou t to l imi t 

ca
r no i s e to 84 d B A (measu red at a d is 

t ance of 7 · 5 m d u r i n g acce le ra t ion) ; th i s 
w o u l d on ly requ i re abou t 1 0 % of recent ly 
p r o d u c e d ca r s to be m o d i f i e d . A s for 
t r ucks a n d buses , t he l imi t s (85 to 92 d B A 
d e p e n d i n g o n m a s s a n d power) wi l l re 
d u c e traffic no i s e on ly a l i t t le t oo , s i nce 
h e a v y v e h i c l e s a r e o n l y o n e - t e n t h as 
n u m e r o u s i n traffic s t r eams . If all t he 
t rucks were bat tery-operated, t he average 
level of traffic no i s e w o u l d drop by on ly 3 
dBA. N o n e t h e l e s s , w h e r e traffic f lows in
te rmi t ten t ly , t he a b s e n c e of d i s t u r b a n c e 
from heavy t rucks w o u l d be very w e l c o m e . 

M r D u b o u t e s t ima tes tha t to solve t he 
p r o b l e m e n t i r e l y by r e d u c i n g v e h i c l e 
no i s e e m i s s i o n w o u l d r equ i re al l vehic les 

to be abou t 12 d B A quie te r . A c h i e v i n g 
th i s wou ld be a n expens ive u n d e r t a k i n g . 
Cos t l i e r , no i se - insu la t ed h o u s e s may be 
m o r e effective, as they w o u l d r e d u c e t he 
apparen t l oudness of o t h e r no i s e sources 

as wel l . 

1 
-
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How risk ot hearing loss 
I I K K . I S I - . Willi l ln ls i Il-Vil 

Noise Pctccntaire of people with 
impaired hi n ine 

Bill 
\eais \eais j cars 

85 d B A 10 
• 9 0 dBA 10 -16 • -IS 21 -

9* J B A 17 2» ilsl i 

100 d B A 29 42 4 4 41 

i-ffeir of T . ~ 14 
age 

Risk of hearing loss increases rapidly as 
sound levels, rise. The table refers to 
people exposed to noise for 40 hours a 
week in a 50-week working year. 

hearing loss. The compensation payable 
to them in the long run would stand at 
about $50m, a saving of $150m from the 
unrestricted situation. 

Figures obtained from the Annual Re
ports of the Commonwealth Commis
sioner for Employees ' Compensation 
make an interesting comparison with the 
calculated ones. Those reports reveal that 
the average loss of hearing in cases actu
ally receiving compensation is a relatively 
high 12%. 

This may be because 6 0 - 7 0 % of the 
claims reported by the Commissioner 
come from people in the Department of 
Defence, the majority of these being 
employees of the Department's Naval 
Dockyards, where noise levels are prob
ably higher than the industry average. 
Another reason may be that only the older 
and more seriously affected workers seek 
compensation. 

Be that as it may, the compensation 
authorities in New South Wales, Victoria, 

and Queensland, together with the Com
monwealth board, paid out $5-54m in 
1977-78, according to the CSIRO team's 
reckoning. (Figures for other States were 
not available.) This is quite close to the 
$6m that they calculated for all hearing 
damage. 

The repair bill 

On the other side of the equation, the 
researchers estimate that, for all industry 
situations where workers experience daily 
noise doses greater than 1, noise monitor
ing would cost $16 per worker per year, 
audiometric testing about $27, and hear
ing protection such as ear-muffs about $3. 
Thus the recurring cost of protecting 
workers' hearing runs up to roughly $5m 
per year. Only in some industries would 
that cost be^less than that of compensation 
payments. They are the food, chemical, 
and rubber and plastic industries, and the 
gas and electricity utilities. Here, the 
proportion of workers who need ear-muffs 
is much lower than in other industries. 

The alternative approach is to box-in 
offending machinery. The researchers de
rived figures for the cost of this,per 
worker, the amount depending on the par
ticular industry involved. Once again, the 
American figures formed the basis of the 
calculation. The CSIRO team puts the cost 
of boxing-in all such machinery in Aus-

Noise can be reduced by enclosing the 
operator instead of the machine. This 
man is operating a band saw in a timber 
mill. 

The chart at top shows the 
industry-by-industry breakdown of cases 
involving New South Wales employees 
in 1976. The other shows the breakdown 
for Commonwealth employees in 
1977-78. 

A scalo of sound intensity -
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no pjinrulh loud 
120 jet t.ike-oif a't 60 m 
110 c it hum al 1 m 
100 shouuim in eai 
9 0 hca \ \ truck at 15 m 
80 pneumatic dul l at 15 m 

§|H road tiaffic at 15 m 
6 0 aii-ionditioriing unit at 6 m 
50 noinial conversation at 1 m 
30 sott whispersat 4 m 

threshold ot healing 

••••I 

Zero dBA, the quietest sound audible to 
young, healthy people, is equivalent to a 
sound pressure of 20 micropascals 
(<xPa), while 130 dBA is equivalent to 
63 000 000 /xPa. 

tralian industry to reduce noise levels to 
90 dBA or lower at $380m ($900 per 
worker, on average). The lost-opportunity 
value of this money might be some $30m 
(assuming we could earn 10% per year on 
it). 

Only in the paper and electrical indus
tries, where noise-control costs per 
worker are low, would the cost of noise 
control be less than that of compensation. 
And compensation may still have to be 
paid to some workers exposed to noise 
levels at or below the legal limit. 

On the basis of these figures, Dr Gibson 
and Dr Norton suggest that there is no 
financial incentive for most industry to 
reduce noise to 90 dBA (or below) and that 
the incentive to provide hearing protec
tion is often marginal. However, force of 
legislation and community awareness 
will inevitably bring noise levels down — 
sooner, it is hoped, rather than later. 

Andrew Bell 

More about the topic 

The economics of industrial noise control 
in Australia. D . C. Gibson and M. P. 
Norton. Abstracts, Tenth International 
Congress on Acoustics, Sydney, July, 
1980. 

'SAA Hearing Conservation Code: Aus
tralian Standard 1269 — 1979.' (Stan
dards Association of Australia: Sydney 
1979.) 

'Seminar Papers on AS 1269 - r - S A A 
Hearing Conservation Code. ' (Stan
dards Association of Australia: Sydney 
1977.) 
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