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IRTRODUCTION

The Code of Practice feor reducing the exposure of employed
persons to noise (1) gives a method for estimating the noise
levels at the ears of a person wearing hearing protection in

noise. But in some high noise environments the wearing of a
single hearing protector may not provide sufficient protection
to the wearer. Combinations of earplugs and earmuffs are then

provided although there is very little guidance available on the
additional benefits of combinations of hearing protection.

This paper gives the results of two separate studies that were
carried out on varicus combinations of protectors when assessed
according to BS 5108 (2).

THE TEST METHOD

The test methed, BS 5108, requires at least 10 subjects to be
tested wearing the protectors. The subjects mwust be
otologically normal and must be experienced in the test
procedure. The subject is exposed to 1/3 octave filtered pink
noise played through four loudspeakers., The level of the signal

is controlled by the test subject. He depresses a switch when
the signal is avdible then releases the switch when he can no
lognger hear the signal. The mean signal level indicates the

subjects threshold of hearing.

The subject is tested wearing the protector, or combination, and
alse in the unoccluded state. The dJdifference in the mean
threshold wvalues is an indication of the protector, or
combination, performance.

In the first study two muffs and two plogs were tested in
particular combinations which were currently being wused in
industry. In the second study the choice of devices was
intended te reflect the range of protectors available cn the
market. The devices were as follows:
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Study Earmuffs Earplugqs

1 Racal Auralgard Custom Moulded
Racal Sconomuff EAR foam

2 Safir Junior Bilsom Soft
Racal Sonomuff Heargquard V51R
Bilsom Viking EAR foam

Only the Hearguard V51R earplug was available in several
pre-formed sizes. All the subjects were measured using a
proprietary ear guage. Two of the subjects were sized for an
extra-large plug which was no longer made so they were given the
large size instead.

Where pessible test conditions were randomised across subjects,
For some combinations this was impracticable because the
combination test had to follow the earplug alone test.

The aim throughouvt the studies was to determine the typical
performance likely to be found in industry rather than the
optimum performance.

RESULTS
The group mean attenuation values for each device when worn
alone are given in tables 1 and 2 and figures 1 and 2. Table 3
contains the manufacturers published data. Table 4 gives the

attenuation results for the c¢ombinations that were tested.
These results are shown graphically in figure 3.

DISCUSSION

A comparisen of the single device results with the manufacturers
published data shows reasonably good agreement. Only the
Hearguard VS51R earplug had substantially lower performance than
the manufacturer indicated which is probably due to poor
fitting.

Since the Racal Auralgard and Bilsom Viking earmuffs were not
tested alone in these studies the attenuaticn values plotted in
figures 1 and 2 are those published by the manufacturers.
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The group mean attenuvations for the combinations, shown in
figure 3, show considerable variation in performance of up to
294B below 2kHz. Above 2kHz the attenuation values are very
similar and are in close agreement with the various estimates of
the bone conduction limits shown in figure 4 (3).

The results of each family of protectors are shown in Figure 5.
Here the combination performance is compared to the performances
of the protectors worn singly. In each case the combination
gave better results than the earplug alone over the whole
frequency range. But in some cases the earmuff alone was better
than the combination at some fregquencies.

It is apparent that the combinations' acoustical performances
devices are less than the arithmetic sum of the devices'
individual decibel attenpuation values.

When comparing the combinations' performances for the same
earplug the differences in performance do not relate to the
differences in performance of the individual muffs. At 500Hz
all the earplug combinations for the Racal Sonomuff gave less
attenvation than for correspending combinations with a lower
volume muff. A t-test (for related samples) was carried out on
the combination data for eacn plug at S500Hz. For the V¥51R
earplug comhinations there was no statistically significant
difference in the two attenvation values. For the Bilsom soft
plug the difference was significant at the 1% level and for the
EAR plug and Custom moulded plug the differences were
significant at the 0.1% level, No satisfactory explanation for
this can be given but it clearly illustrates the
unpredictability of combination performance when considered in
detail. It is essential, therefore that combinations of
protectors are selected by reference to BS 5108 data on actual
combinations.

CONCLUSION

l. All combination attenuation results were better than the
performance of the earplugs, when worn alone, but were
less than the arithmetic sum of the attenuation for each
device worn alone.
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2. When worn alone the Racal Sonomuff gave comparable
performance at mid-fregquencies to some protector
combinations.

3. All the combinations gave similar results at 2kBz and

above, which agree with published estimates of the bone
conduction limits.

4, Below 2kHz the performance of combinations varied by up
to 29dB at some fregquencies.

5. " All combinations using the Racal Sonomuffi gave worse
results at 500Hz than combinations using the same plugs
with small volume earmuffs. The differences were

statistically significant at the 1% level for the Bilsom
Soft earplug and at the {.1% 1level for the EAR and
Custom Moulded earplug.

6. Where combinations of protectors must be worn, the
choice of combination must be based on test data
obtained for that particular combination and not on
modifications to single protecteor test results,
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[ . Brtave Band Centre Fregquency, M1
Device
. 63 126 | 250 | 500 | 1k 2k |15k 4k {B.w | Bk
flug 1 |Cuslom Moulaed Earplug Hean 19.0 [14.4 |13, |41.0 101.8 23.7 |29.) |&7.,9 |2E.9 |27.5
0 9.3 [ 6.6 ) 5.9 f 5.1 5.5 )61 |21 ] %.5]8.8(l0C
Flug 2 [Hearguard vEIR £2rplug Hean 17.4 [16.8 D6,y [15.1 |17,3 [24.3 |26.6 [22.5 [20.5 |23.9
0 11.0 |11.6 |i0,9 |11.0 |10.6 | B.6 | 8.5 } 7.5 j10.0 | 9.6
Plug 3 |Bilsom Soft Plug Mean 12,5 1iz.a 192 l19.8 |21.1 (27,2 |3).8 §32.8 134.6 |32.)
50 BE[8.8§85|7.2]6.7 |43 [6.8]F1]|7.8]2%1
Flug & |EAR Foam Plug - Study 1 Hean 2.5 |27.8 |2B.0 [29.3 [29.6 |32.) |2C.7 [ei.4 [43.8 (2.7
0 6.9 6.6 | 6.6 ] B O] 2.2]5.2|%0]3a]c3]é0
Plyg ¢ |fAR Fcam Plug - Sludy 2 Mean 2 |£2.1 125.3 [27.0 [29.6 |20.5 |31.6 [JE.5 [39.0 (1.0 |le.B
S0 140 11v.a 510,10 9.7 | 7B fas | 2.9 4y|6.0) D
1ZBLE 1: Real-[ar Attenvation of Ingividusl Protectors According to B55108 (1983): farplugs
Octave Eang (entre Frequency, K2
Hut Device
&3 ] lzslzsulsool-n ]n I 3k ln lm\ la.
] Racal Auralgard Hot Tested Alone
H Forzt Sonomuff Mean (19,2 [2y.0 |27.0 J30.) [37.9 |37.3 [19.4 (38,7 |16.7 |iB.1
50 34| 1a |36 | a6}z |12 2s a0 5.4 50
3 Sefir Junior Mean | 9.3 | §.3 § 9.0 |15.7 [25.a J2e.9 |3&.) |36.8 |10.8 |30.2
W |52 |5.4|az{er]ar|5.0|49]6t|7s]50
4 Eilsom Viking liot Tested Alona
TEELE 2: Feel-#ar AlLtcnuwdtion of lquwldua'l Protectors kccormng'lc ES CINE [1883): Earmulfs
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Octave Bang Centre Freguency, Mz
Device

_ 63 | 125 | 280 , 500 | 1k I % [1.1sr.| ik ]s.n [ ek

Flyg |/Custom Houlded Earplug Not Available
Plug 2[Hearguard VEIR Pre-moylded £arplug (Hean e2.2 122.7 [21.) (22.1 |24.6 {2B.5 [33.4 [l0.4 [28.8 |M0.2
10 80|75 )|7.2|8.4|B.5|5.8]|51]4.8|8.8]{6¢6.8
Plug 3|Bilsom Saft farplug Mean 19.8 [19.9 (20.0 122.% [24.) [30.7 [2B.8 |41.4 (31.5 {40.8
b1 1.5]7.8)|6.afja9e {35 |43]a5Fa7]ac]ng
Plug afERR Foam Earplug Mgan 7.2 |e7.9 (28.3 {30.4 [30.8 [32.5 |40.6 |¢1.3 |42.2 [4).4
50 86 [9.2|81185]7.4/([5.3]4.2]a.2]5.4]8.2
Mufl 1|Racal Rurshaard Mean 18.3 |§6.9 [15.6 [22.6 ]34.4 133.5 (41,0 |40.3 [33.6 [1a.7
50 a1 | 2.9 (20} 2.85}72,9|3.4|3.8)|4.5]|3.0])3.2
Muff ¢|kacal Sonamuff Mezn 18.0 [19.0 [21.0 |28.0 [35.0 [35.0 |20.0 |29.0 [35.0 360
0 5.1 |43 )39 a9 a2 3.6(3.1]4.3]|291]1,7
Mutf I1%afir Junior Fean - B.5 | 9.8 ]16.8 |26.7 £33.0 [38.8 |38.3 (24,8 327
n - Jafag |31 |33fa7]s.5]a.4]c.n]|6.2
Buff &fBilscm Viking Hesn 14.5 |13.5 [20.5 }33,0 {34.1 [35.9 {237.1 §36.7 }36.7 |31.0
50 a8 392 )sa)srtaafaz)s )60 6.8

TABLE 3: Manufacturers' Published Attenuszton Data Accerding to BS 5108

Qctave Band {entre Frequency, Wz

pevice [ X} 125 | 250 | So00 | e 2k |a15k] 4k |6.3k § Bk

EAR Plug: Safir Junior Mean 28.8 [33.5 138.3 [46.0 |4).9 |38.2 |e4.4 |46.5 |45.5 {46.1
D 8.9 (100 | 8.3 (7.5 |29 )38f41]a3]06]4

EAR Plug: Recel Auralgerd Mean 30.5 133.3 [36.0 [43.0 |41, |39.9 {46.2 Y4B.6 [45.0 led.0
1] 6.2 |B.2 84|90 ]6.4)4.0)26]38]a,7]5.7

EAR Plug: Racal Sonemuff - Study 1 tean 1 [32.9 [35.0 136.2 [35.9 {90.7 |39.9 [45.5 [49.0 [4n.% 4.5.4
S0 A satr2ool |67 |23 2.6 2.8)4.2]5.8

E~A Flug: Fical Sonomeff - Study 2 Hean 2%.2 [36.% |38.3 |38.1 j82.1 }37.2 [a3.6 [46.0 |a5.5 |4&.5
50 B3| 7.6 ra a0y | 4.5 30| 2.6 3.6 ) 4.6 4.5

ERR Flug: Bilsom Yiking Maan 27,3 |30.6 |41.0 [47.9 [43.0 [38.7 |22.5 [47.6 |46.3 [47.8
<D 4.9 (6.6 | 5.9 | r0)6,013.5 3.7 |235]4.0]4.0

1-BLE 8: Real-Car Attenuation of CLombinations, Acrording to BS 5108 (1581)
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Fic. 5. Attenuation of plugs, mufls and plug/mufl combinations.
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