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THE DANGER OF
EVALUATING HEARING
PROTECTORS ON THEIR
ATTENUATION ALONE.
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“THE BEST HEARING
PROTECTOR ISTHE ONE
THAT GETS WORN”

To the ahave oft-quoted saying we would add:
“all the fime it is nesded"’.

Clearly a hyper-effective protector that is too
uncomfortable to use defeals its purposa. We
would, however, go a step further: itis far better to
use a comfortable protector with somewhat less
attenuation during a high proporiion of a noise
exposure than reluctantly wear a high-attenuation
profector now and then.

The danger of weaiing hearing proteciors for
only part of the noise exposure time is not recdiIY
appreciated. The fact that the unit of sound lavel,

the decibel, is based on a logarithmic scale is per-
haps the main reason for this, We cannot add or
subtract decibels as we do ordinary lineor units.

A more cbvious danger is that unless you know
exoctly when they wiﬁ happen, inlermittent psriods
of extremely harmful high-energy ncise may occur
while the ears are unprotected,

This publication aims toillustrate that the
attenuation of a hearing protector has litlle bearing
on the aclual or eflective protection given, unless
the protector can be warn for the full duration of the
nojse exposure. .



THE RISK OF
INJURY DEPENDS ON THE
TOTAL NOISE DOSE.

When we assess the risk of permanent hearin ditions from the durations and dB(A}-levels of the
damage for people exposed to noise, we work with - different noise exposures. Taking a typical working
a number of simplifications. day s o sample, we caleulate the equivalent con-

One such simplification is to measure the tinuous sound level {Leq) that would give the same
overall intensity of soundin dB[A). Anotheris to risk of injury os the actual exposure,

estimalte the risk criterfa of non-uniform noise con-

EQUIVALENT CONTINUOUS SOUND LEVEL (Leq).

In calculating equivalent continuous sound levels  halved. And, as alogarithmic scale is used, halv-
we make use of a generally accepled trading rela-  ing the energy corresponds to a decrease in sound
tion between dB[A)] levels and exposure time., This  level of 3dB[A). -

relation is based on the approximation that the risk Simply stated, then, we can find the Leq for
of injury depends on the total scund energy non-continuous exposure by measuring the differ-
reaching the ear, regardless of how the energyis  ent sound levels and durations of the exposures
distributed in time. 'ﬁu‘s is known as the equn? and calculating the average noise dose spread
energy rule and implies that if the exposuretimeis  over an eight-hour day.

doubled, the permissible energy level musi be
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"TWO VASTLY DIFFERENT
NOISE EXPOSURES
THAT CARRY THESAME =~
HEARING DAMAGE RISK.
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A man is subjected fo the paitern of sound shown
infig. | namely: Sound level dB(A)
WA | | omameray 120-
115 10 ming
105 45 ming 1104
95 & haurs Leq ]00 dB(A) !—JV
For the remainder of the day the sound level | 100 ]
is 70 dB{A) or below and can safely be ignored, ) - R
. Using the methed of calculation recommen- 90~ . :
ded by ISC [International Organization for Stan- R
dardization) the Leq works out at 100 dB{A) to the 80— . .
nearest decibel, 70 I
In fig, 2 the harmlul exposure is restricted to 1 T T
a saund level of 115 dB{A) for o duration of 16 0 2 4 6 Bhours
minutes. The Leq in this case also works out ai 3
100 dB(A), ig. 1
The situation in fig. 2 can be likenod to that
whare @ man wears hearing protectors practical- Sound level dB(A)
!I the whole day in a steady seund lovel of 115 120-
B(A). The protoctors are capable of oitenuating
the sound to the maximum pormitted level, but 110~ )
are uncomfortable. The man removes them for a Leq 100 dB(A)
fow minutes at a time-in all 16 minutes por day. 100
He would then be exposad to tho same hearing
damage risk as if he wont with unprotacted oars 90
in a continuous sound level of 100 dB(A during
an 8-hour day. 80~
The actual or offective protection achiovoed
in this case amounts to a reduction in the Leq 70 T { 1
from 115 10 100 dB{A)~still @ dangerous lovel by 0 2 4 6 8hours
any criterion, F5
ig,
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THE DRAMATIC
EFFECT OF REMOVING
HEARING PROTECTORS
DURING NOISE EXPOSURE.

From the foregoing examples, we have seenthat  cttenuation-nosound energy at alt reaches the

relatively short exposures to high noise levels in- ears while they are worn. And yet even these

volve a serious hearing damage risk. We have also ‘ideal’ protectors would have to be worn for a very

seen that the effective protection of hearing protec-  high proportion of the exposure fime to give

jors can be expressed in terms of the reduclionin - adequate on-the-job protection,

Leq achieved Ey the wearing of them, In practice, of course, hearing protectors do
The effect of remaving heoring proteciors not provide infinite atlenuation. Some sound ener

during & noise exposure is simply illustrated infig. gy reaches the ears while they are being worn,

3. Here the protectors are assumed to give infinite

The graph has been construcied lrom the expression:

Effective protection dB{A) = 10 log (W:Tﬁlici)aone—vmr'ﬁ)

|After D, Else)
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EXAMPLET  EXAMPLE2 .

- Tokean exposure with an equivalent continuous  Consider a situation where the Leq is 105 dB(A]: .

noise level {Leq) of 107 dB{A). From the graph we _ and our theoretical profectors are used for 20%
see that lo reduce the Leq to 70 dB!A%—or by 17 of the exposure time. The graph shows that des-

" dB(A)~=infinite-attenuation protectors would have  pile the infinite aftenuation of the profectorsthe . ™ . -
to be worn for as much as 98% of the total expo-  getual protection achieved is insufficient—=nomore -

sure fime, o . B "~ than 10dB(A). A
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A REALISTIC COMPARISON
BETWEEN TWO TYPES OF
HEARING PROTECTORS.

For this comparison we have chosen two prafeciors  tion muffs—practically by definiion—are uncom-

with widely differing characterisiics. Cne is a
‘super’ muff with high attenualion, particularlyin
ihe low frequency range.

The otheris of the insert type. For conven-
ierce, we have used the aftenuation daia for o
mineral down earplug, which is generally ac-
cepled as a comfortable protector

The effective prolection curves for the respec-
tive protectors are shown in figs 4 and 5.

We see from fig. 4 that if the ‘super’ muffs
were to be remaved for 10% of the noise exposure,
the effective protection would be no more than
10 dB at all frequencies. And there is avery reason
to assume that they would be removed-frequently
and for long periods. To begin with, high attenua-

fortable to wear far any length of lime. Moreover,
because of their high altenualion at the speech
frequencies, there would be a fendency to take
them cff during conversations.

As the mineral down plugs (fig. 5] have none
ol the inherent disadvantages of ‘super’ muffs,
there is every chance of their being used for the
entire exposure time, Their nominal attenualion
values would then be the same s the elfective
protection given in praclice, with high aftenuation
of the high-frequency components of the noise.
True, performance at fow frequencies is limited. Bul
as we will see later, high atfenuation at low fre-
guencies—cs offorded by the 'super’ muffs—is of

oubtful value in practical noise situations.



_'SUPER’ MUFFS

MINERAL DOWN PLUGS

*“i“ =+ | Frequency-dependent effective Frequency-dependent effective
RN protection dB protection dB
"."l o ap- 401

Waaring

Wearing time
'y tima

: & 100%
; . 100%
I 30 & 30+
&
20— 20 999
g— — 9,
i : 98% 98%
i il
Bt e — 5%, 95%
: 10~ 90% 10- 90%
'1 T R T s s v BE Y% rorwi 05%
1 T T T T 1 . Y R S
H 125 250 500 1000 2000 4000 8000 Hz 125 250 500 1000 2000 4000 B0OOHz
N Fig. 5
! = : 12 0 41
,. N INEEE | Alg=-10log (T—-lo T )
] * .+ The aftenution values for both protectors
i * . are'os fested by Karalinska Institutet in Stock- Alait = the effactive protection
E .~ holm, the upper limit of the lower quartlle being Al = the neminal aitenuetion of the hearing
! . taken as the nominal attenuation. protectar
i ~ - The formulo used to oblcu.n the h:equency- 1! = exposure duration withoul hearing protector
i dependent effective protectian in relation fo the 12 = exposure duration with hearing protector
y T =1 +t2 = folal duration of nolse expasure.

. -fime worn Is as follows:
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THE PRACTICAL
NOISE SITUATION.

Frequency spectra {disiribution of sound energy
with regard to frequency) vary greatly in indus!ry.
Consequently the prafection provided by a given
protector will also vary.

In fig. é the A-weighted sound levels of 100
neise specira have been ploited against the differ-
ence between their C-weighted ond A-weighted
sound levels {Lc-LA). The greater the difference,
the more pawerful the low—frequency componenits
and vice versa.

The specira are those selected by the Natio-
nal Institute for Occupational Solety and Health
{NJOSH) as being typical for industry in the USA.
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'tis therefore safe to assume that they are also
typical for ofher industrialized countries.

The first thing we see from a study of these
spectra is that the vast majority represent sound fe-
vels below 100 dB{A}. Also clear is that the high
sound levels apply predominantly where the
LC-LA value indicates powerful high frequency
components,

The next stage is to evaluale the performance
of the two types of protector (figs 4 and 5} in the
contexi of the 100 typical spectra,
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THE POTENTIAL DANGERS
OF OVERPROTECTION.

Figures 7 and 8 show the influence of wearing time
on the perfermance of hearing proteciors in practi-
cal noise siluations, The curves were arrived at by
calculating the percentage of the 100 NIOSH
specira reduced to an Leq below the risk criteria of
B85 and 90 dB{A} respectively by the wearing of
hearing protectors for different rrcciions of lf?e
exposure time. The red curve represents the
‘super’ muffs and the blue curve the mineral down
eaiplugs (see figs 4 and 5).

From the diagram we see that in practice the
benelit of the ‘'super’ muffs’ high nominal attenua-

12
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tion will be nullified if the mineral down plugs are
worn as litile as 1-3% more of the tatal exposure
time. And as very high altenuation and comfort ap-
peario be incompatible characteristics in hearing
protectors, the chances are that the mineral down
plugs would be worn considerably longer than the
*super’ muffs and thereby give betier overall pro-
tection,

The implication of this clear: the use of pro-
teciors with higher atienualion than necessary
involves o sericus hearing damage risk.
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CONCLUSIONS.

As shown by Robinson in 1968, the risk of occu-
pational deafness can be predicted from the total
A-weighted noise dose received by the exposed
person. Clearly, then, the effectiveness of o hear
ing profector is governed by its ability o reduce
A-weighted noise dose rather than instantaneous
sound level,

We hope we have been able 10 shaw that
this ability is dependent on the extent to which the
hearing protector is wom during ¢ noise exposure.
If a high-aitenuation protecior is not worn for the
full duration of a noise exposure, the same degree
of protection or greater may be obtained with a
protector which affords less nominal altenuvation,
provided it is comforiable enough to be worn for a

greater proportion of the exposure duration,

A recent comparotive investigation of hear
ing proteciors carried aut by the University of Lund
in o large Swedish shipyard provides statistical
suppor for our contention. The rasults Indicote that
the workers who wear protectors with relatively
high attenuation [earmufis fittled to helmets) have

enerally more severe hearing impairment than
those who use more comfortable earplugs with
10-15 dB less neminal attenuation,

The study concludes that this paradoxical
situation arises from the fact that the high attenu-
alion proteciors are oflen removed during a noise
exposure,
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