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The relationships between noise and the irreversible changes in

hearing acuity (NIPI‘S) that result, in long-term situations of repeat-
ed daily exposure, have been the subject of many field studies, and
one undisputed finding is a considerable variation of susceptibility
between persons. This has wide implications for the objectives and
conduct of investigations. Thus, interest may centre on the indivi—
dual, as in the practice of serial audiometry or in the context of
compensation, or it may bethe more general one, considered here, of
ensuring a safe working environment in advance of actual damage. In
the letter case,. audiomatry nay.‘be confinedto. persons worldng in
places of high risk. ’

Criteria appearing in the literature have sought to specify a
maximum, safe noise level butvnsinceathis concept is a rather loose one
it is not‘ surprising that there hav‘é‘been variations in form and in -
substance, for implicit in a criterion is a set of value judgments
superimposed on the causal relationships. 'A methodical formulation
would recognise: sghdepudentmapeofsewaommntailing certain . socio-
political implications, namely:

ag a speoiés’bf'di'sability, e.g. failure to understand speech
b a degree of that disability, e.g. a mild impaiunent
c a percentage of persons accepted as remaining at risk
d a base-line population, e.g. random sample or pathology-free

-'e a duration of future exposure, e.g. a working lire-time.

Hitherto, global judgements on these matters have been built into the‘
criteria, demanding the implicit faith of the user, and it is not
difficult to understand how differences may have arisen. It should
be emphasised that to sequins the experimental data needed to take a
detached view of the separate aspects, and on some so far-mentioned,
such as the role of intermittenoy in noise, is far fi-u'm easy. How-
ever, though much remains to be done before rigorous fcmulations are
'possible, there has recently been a great expansion of experimental
idata bearing upon c) and d), so that' a more solid basis now exists
:for distinguishing matters of fact from those of judgement.

iScoEe of recent British data _ _
The work of Burns and the writer non permits a prediction of the

percentage of persons in an otherwise unimpaired population, whoee
Iheazing level due to NIPl‘s will exceed a stated amount, under a wide
Srenge of acoustic conditions. Since this work does not, in itself,
:touch upon questions a) and b), we shall assume the M00 speeoh
:impairment basis for purposes of illustration. Specifically this ,
Emeans that the impairment can be discussed in terms of a purely audio-
metric quantity H'_, the average of the hearing levels at 0.5, 1 and
2 kHz. .512 '



The concept ofkriak can now be given concrete definition, namely

that percentage of a population whose hearing level, as a result of a

given influence, exceeds the specified value, minus that percentage

whose hearing level would have exceededit in the absence of that

influence, other factors remaining the same. Thus we may speak of

risk due to age, to patholog," to noise, to any pair of these

influences, or to the combined effect of all. The underlying prin—

ciple is that successive components of threshold shift are additive;

for this there is some experimental evidence though it may beviola—

ted in some circumstances. It is important to note that the .result—

ing risk values are far from proportional to the components, and care

is needed in their arithmetical handling.. However, the concept has

undoubted utility through the directness of its meaning to the non-

specialist. Moreover, by admitting risk (strictly, percentage

exceedencefas an independent variable along with noise level and

exposure duration, freedom is conferred on those who wish to draw up

codes suited to their individual needs and embodying their own judge—

ments. '-

The new experimental data apply under the following conditions:

a) noise level steady and continuous 8 hours per day, 5 days per

week,_in the range up to 120 dB(A5
b) exposure duration between 1 month and 50 years _

a) population free from aural patholoyand from other non—noise

impairments 'of hearing, but subject to normal ageing
a; entry into noisy occupation at any specified age

by a conservative extension, regular exposures of less than 40

hours per week, or previous lcoolm noise exposure, can be

accommodated '
f) spectrum of noise immaterial within 35 dB/octave slope limits.

The distribution of hearing levels is then given by the formula:

. EA - Hf) + u(p
H'(p) .-. 27.5 [1 + tanb ————-——- o u(p) + 1’01) where

F(N) = o for N s 20 and 201) = cErMN - 20)2 for N > 20,
N being the age ' years and 0 f) as given below.

u(p) = 642- ert' [(17/50) - 1].
p being the centile of population for which 11' i H'(p).
EA = 11A + 10.log(T/‘1‘°) is 'the noise immission level, N11, V
14 being the noise level in dB(A), T the duration of exposure in
c ends:- years, and '1‘ the unit of time (1 year).
1(f) depends on audicmoletric frequency. as given below.

Frequency (kl-Ix) 0.5 ' 1 2 . 3 lo. 6
c x 1d+ so I.) 60 so 120 140
x (on) 130.0 _126.5 120.0 no.5 112.5 115.5

Numerical illustrations of risk values
-.Eesults will be illustrated for the loll—year span commencing with

entry into noisy occupation at age 20. For agiven value of H'_,
_ ' .512

the percentage exceedsnce p may be foundfrom the formula. Proceed-
‘ing similarly for the final and initial conditions, the associated
risk is obtained from the difference'of the two eneedenoes. The

- formula is based on a pathology—free population, this condition having
been seoured by means of anamnestio and ctclogioal examinations. The
argument for this basis is the same as that accepted for reference
standards of hearing threshold, namst that otologioal normality is
the natural point of departure for determining impaiments. Incidence
studies, such as that of Baughn, have used unselectedpopulations, and
the risk values derived are not unnaturally greater than given by the
formula. To illustrate the influence. of extraneous impaimsnt, an
arbin'azyuinoidsncefiof Lpathology,‘ can beJncorjoratedJntglhg

 

  

  
  

    

  

    



 

   

 

   

fomula. Specifically, to the non-noise-exposed patholo y-free

population with H' equal to 0 and standard deviation (SD 6 dB at

each frequency at age 20, is imparted a pathological overlay with

mean value 10 and Gaussian distribution of SD 8. Convolution of. the

distributions thus assigns to the pathology group a mean of ‘IO and a

SD of ‘IO dB. It is mrther assumed that the-overlay grows to mean

12.5 with SD 9 by age 60. The rationale of this choice is that it

010591;, reflects Baughn's group of 6835 workers. --

The effect of age from 20 to 60 years is 7.5 dB at the mean of

0.5, 1 and 2 kHz, and the presbycutic overlay has, again somewhat

arbitrarily, been assumed to grow, with Gaussian distribution, to

SD 3.5 at age 60. Finally, the effect of noise has been calculated

for 103, 108 and '113 NIL, from the formula. The wmulative distri-

butions of the 8 groups defined by the following penmtstions were

then plotted: age 20 or 60; normal or 'patholosioal'; noise—

exposed or othem'lse. From the intersections of the distributions

with Lines drawn at a series of hearing levels, referred to as' ‘fanoe

heights', the various exceeflenoes, and thence the risksare obtained.‘

There are 19 combinations of the latter type, of which 9 are of

interest. Table 1 lists the exoeadences for fence heights from 15 to

35 (ISO) , together Irith the median hearing levels of the 8 hypo-

thetical groups A to H; ' ' ' _

 

Tableffi '

V ' Median value
'Kay Influences of H. I V Exceedenca

e Patholo Noise 1 20 r. :0 'v; I

A ' ’ ' - 0 1 o o o- o

B ' * ' 10 3015 6 2 o
G * ‘ - 7.5 . 13 h, 1 o o

D ' + - 2° 66 50 35- 19- 9

103 3 10 L 2 1 o

E - - 108 5.5 2213 7 I. 2,

I " 113. 9-5 33 21'15 7

103' .13 , u. 30 15.10 5

F ‘ ' + 108 , 15-5 53 39 27 r13 11
' 4113 .19-5 '. "63 50 57 26 1s

- .103 10.5 3217 8 3 1

G *‘ ' 108 a 13 4.5 30 1B 11 -6

“3 17 v _57- AD 27 17 11-

: - 103 23 71 591;} 31 20_

H + '+ 108 25.5 7} 63'52 w 30,
I 113 29-5 >81 71. 60 1.5.37

__'__-________.———
- siylifies influenoe absent; + influence present ' I V

Table 2 is an abridged table of risks, shown for 108 N11. only, -

obtained by comparing appropriate runs of Table 1. The first 11. rows,

of Table 2 repmsent simplenoise risks, the next £1. are paired risksfi

and the last NW shows'total risk. ‘ ' - '



   
  

Table 2

 

. Base—line 'of 315k
K” s°"°° °f “5" reckoning 15 20 25 so 35

E - A Noise 20, non-path. 21 13 7 lo. 2

P - B Noise 20, path. 23 21; 21 16 11

c — 0‘ Noise _ 60, non-path. 32 26 17 11 6
H ‘- D I Noise 60, path. 7 13 19 21 21

G - A Noise plus age 20, non-path, Us 30 18 11 6
H - B Noise 'plus age\ 20, path. L3 AB - 1+6 38 50
P - A Noise plus path. 20, non-path, 52 39 27 1B 11

H - C Noise plus path. 60, non-path. 60 59 51 L0 50

H - A All three 20, non-path. 72 6} 52 AD 50

 

The-results may now-besummarised. Disks vary with fence height
in quite different ways, compare G - G and. H.- n;'- in consequence the

relative importance of different influences depends on the fence
height set. For example, 3 - A exceeds H - D at '15' but at- '25' the
reverse applies. Secondly, there is a big.difference between the
simple risk E - A and. the composite risks involving noise. Also the
noise risk itself increases in the presence of other influences
(compare 1st row withthe next three), except for very low fence
heights. It should also be noted that the values depend appreciably
on -the assumptions; a premium is thus placed, in such calculations,
on the validity of the scientific data and on close specification of
the relevant conditions.

Care is needed in handling component risk values as the
following correct and incorrect examples show:

Source ofrisk False analysis Correct analysis

Noise alone 7% (3- A; ' 7% E — A
Age 1%(c-s 11%G-E
Noise plus age 3% 18% G - A

Use of the symbolic notation will avoid false results.

It is informative to note the risk values that are predicted by
the above scheme on the basis of the AADO criterion at the 25 dB

(ISO) fence height ('just-besinn mild impairment'), for the
commonly used noise limit of 90 '63 A).' Over 1.0 years the NIL is than
106 and the relevant risk is G - c (13%) or H --D (15%) depending'
Ihetha'r or not unimpaired hearing 'is taken as base-Line, and remains
an. In case the pathological overlay is acquired between the ages of.
20 and 60, the higher figure of A77! applies (H - 6), though 32% risk-
(D - exists in this case a'ven without noise. It seems clear that '
appreciable risk exists on this basis, although it should. be 'bo'me in
mind that the 25 dB fence implies only incipient difficulty with the
understanding of conversational speech.

  


