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INTRODUCTION

Noise-exposed employees must often to wear other safety equipment in addition to their hearing
protection devices (HPDs). How the other equipment interfaces with one’s HPDs can affect the amount
of protection afforded by the HPD. This decrease in protection is especially true when a person wearing
earmuffs must also wear safety glasses and in addition a hairnet or hood, as in the food industry. The
purpose of this report is to quantify the effects of wearing either a hairnet or a full-head hood on the
attenuation of two different earmuffs. The effect of wearing safety glasses and muff is addressed in

E«A*R 06-31/HP.

TEST METHODS
Both series of tests described in this report were performed in the EsA*RCAL test chamber. The earlier
testing (Model 1000/Hairnet) was conducted in September 1994 when the lab used the Grason-
Stadler/Crown Signal Generation System to produce the test tones. The latter testing with the H9A and
hood, was done in August 2006 and utilized the ITA/Norsonic System. The test procedures were the
same, utilizing ANSI S3.19-1974 with exception for fitting and testing the devices. The 1994 tests used
the seven octave-band center frequencies from 125 to 8000 Hz and 3150 and 6300 Hz for test tones.

The 2006 testing did not include 3.15- or 6.3-kHz.

Each of the ten subjects tested each condition three times. The subjects tested the hairnet in a
counterbalanced method where the odd-numbered subjects first tested the hairnet/muff combination
followed by the muff alone. The even-numbered subjects tested the muff alone followed by the
hairnet/muff. In all cases, when preparing for the 2" test condition, the muff was refit, either alone or with
the hairnet, and the subject adjusted the muff while listening to a broadband ‘fitting noise,’ to obtain the

‘best fit’ possible.

The muff/hood test was included in a series of tests with the H9A muff and two pairs of safety glasses.
An Open condition was measured, followed by the earmuff alone. The muff was removed and the hood
donned, and the muff was fit over the hood with the subject again, adjusting the muffs, using the fitting

noise, for ‘best fit'.
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DEVICES TESTED
One sample of the E*A*R Model 1000 earmuff and ten BC-42 non-woven bouffant-style hairnets (a
unigue sample for each subject) were tested in the 1994 test series. The hairnet manufacturer's name is

unknown.

The 2006 tests used two Peltor H9A muffs and ten Dupont Tyvek Hoods. A different hood was worn by

each subject. Five of the ten subjects tested each of the two H9As.

RESULTS
Table 1 lists the devices, the Noise Reduction Ratings (NRRs) achieved and the effect of the
hairnet/hood on the muff's attenuation. The individual attenuation values for the ten subjects in each of
the four tests are in Appendix I. Figures 1 and 2 are graphical comparisons of the means and standard
deviations (SDs) obtained for the earmuffs under each test condition. Images of the Model 1000 muffs

and of the H9A muff and hood fit on a KEMAR manikin are also shown.

Table 1 — Effect of a Hairnet and a Hood on Earmuff Attenuation

Effect of Effect of

Device(s) Tested NRR Hairnet (dB) Device(s) Tested NRR Hood (dB)

Model 1000 21 | HOA 25 |

Model 1000 + Hairnet 15 -6 H9A + Tyvek Hood 17 -8
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Figure 1 - Effect of a Hairnet on Earmuff Attenuation
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Effect of Hairnet

When the hairnet was worn under the Model 1000 muff, the reduced seal of the cushions to the subject’s
head caused a decrease in the mean attenuation, by frequency, of from 3 to 8 dB. The effect of the

hairnet on the computed NRR of the muff by 7 dB when the hairnet was added.
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Figure 2 - Effect of Tyvek Hood on H9A Attenuation
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Effect of Hood

When the hood was worn under the muffs, the average attenuation decreased by 3 to 6 dB, by frequency
and the NRR was 8 dB less. A paired two-sample for means t-test was run at all frequencies and
demonstrated the differences between the two tests were statistically significant at the p<0.05 level for all
frequencies, except 4000 Hz. Thus, the interesting effect at 8 kHz, whereby the attenuation of the muff-
with-hood exceeds that of the muff alone, is significant, but does not offset the overall degradation in

attenuation that the hood creates.

CONCLUSIONS
In order for earmuffs to block out the most noise, the cushion of an earmuff must make contact with the

flesh. Since different earmuffs were used for the two sets of tests in this study, and the tests were

Std. Dev. (dB)
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conducted over a decade apart, a direct comparison of the effects of the hairnet vs. the hood is not
possible. Butitis clear that both of them affect performance negatively at all frequencies from 125 Hz to
2 kHz, with the negative effects of the hairnet extending on upwards to 8 kHz. Surprisingly, the hood
appeared to provide some small increase in attenuation at the highest test frequency. In terms of the
overall attenuation as measured by the NRR, the reduction from either of these obstructions was in the

range of 6 to 8 dB.



Appendix |

Individual Subject Data from the Four REAT Tests



TestID: 152022
Date: 9714594

Comments: See report #152023 for results ofthe same earmuff tested over & hairnet.

Device: C3C Maodel 1000 wuff
Fosition: MA

Samples: 1

Comfort: 248

113 Octave-Band Freguency Bitr. Head
Suhj.  |Trial 125 250 s00 1000 2000 3150 4000 63000 8000 128 Comf. Breadth Height | HNRR*
kAT 1 13 13 25 aa 28 3z 38 38 349 13 132 134 2.8
2 14 17 2T a4 ) aa 24 a8 35 11
3 16 16 28 45 a2 a4 34 38 g1 20 1
CvwF 1 17 18 28 ar a3 aa 36 42 44 18 136 126 2848
2 13 149 K} a4 a6 a4 34 40 43 15
3 17 17 30 a8 gl a4 35 40 44 17 4
GG 1 13 14 2T ar ) 26 34 a8 40 11 144 132 228
2 17 16 2T a8 a4 a8 34 ar a8 14
3 13 20 28 ar ar 34 34 40 41 15 1
BAkK 1 20 21 29 ar a1 aa a8 42 45 23 140 143 236
2 18 18 28 aa a4 42 42 42 45 21
3 18 16 25 35 32 ar 38 43 44 18 3
JR M 1 a 14 24 az an ar 34 41 40 10 141 133 21.4
2 12 14 23 Kl an 34 34 38 41 10
3 14 13 26 a8 a3 aa 38 41 38 13 3
CLF 1 10 13 23 3z a1 il 38 38 349 4q 144 1449 216
2 14 16 22 3z 3z a0 ar 42 ar 11
3 12 15 21 Kl 5l a4 ar 44 43 13 5
EAS 1 13 14 28 a4 i ar 32 34 44 14 148 146 228
2 13 13 26 ar a4 K1 34 43 46 12
3 11 14 24 gl a4 aa 34 34 41 11 1
TLS 1 14 22 24 a3 i 3z ar 42 40 13 132 130 224
2 12 17 25 26 a2 ar 24 41 40 14
3 10 17 25 ar 24 40 38 43 41 11 3
kKl 1 16 16 24 ar gl 141 40 14 a7 14 138 134 233
2 14 18 2T 34 an aa 40 44 44 14
3 15 14 24 34 a4 a8 36 43 47 15 3
[Rt=t=] 1 11 11 24 a8 a2 26 33 40 42 13 136 133 19.9
2 12 18 24 a4 a4 40 34 40 45 14
3 12 16 24 41 35 40 ar 42 42 14 1
Mean 138 161 263 368 331 arha 366 407 M7 141 24 1402 0 136.2 226
sd(30) 27 25 245 27 28 26 2T 21 3.2 33 -
sd (10} 23 1.8 2.2 2.2 1.8 1.4 20 1.7 249 1.4 .4 74 1.6
C-Yalue 244 197 2448 3.4 2R3 308 370 Dimensions in mim.
HRR 2sdh= 214 Msdi= 241 (Osdy= 267

Band Force (M) Before: 12.0; Ater: 11.1

C5A Class: B

MER® - Individual 25d NER




TestID: 152023 Device: CSC Model 1000 Muffw BC-42 Hairmet

Date: 9514594 Samples: 1 Fosition: OTH Comfort: 31
Comments: Hairnetwaorn by Hehrew Mat'| Meatpacking Co. employees. Mfg. not known; booffant style, non-wawen, white.
Fortest, all of a subject's hair inside hairnet, hairnet worn over both ears, muff cups over hairnet.

Seerepont #152022 for the same earmuff tested wio hairmet.

113 Cctave-Band Frequency Bitr. Head
Subj.  |Trial 124 250 an0. 1000 2000 3500 4000 A300 2000 128 Comf._ |Breadth Height = HRE*
ki 1 a 10 15 32 24 29 33 33 34 ] 132 134 136
2 ] ] 18 27 23 29 27 an ) 2
3 a 10 149 34 28 33 34 ar 34 ] 1
CWF 1 13 10 16 23 M 34 27 33 32 ¥ 136 126 141
2 2] 12 20 24 ) 36 32 4 a0 14
3 a 7 16 23 24 36 25 33 32 a 4
GG 1 a g 18 2a 17 34 28 an a0 4 144 132 13.2
2 12 10 21 Ao 24 41 35 33 34 7
3 A 11 149 26 24 36 28 an 32 a 1
BAk 1 16 17 22 M 28 36 N 34 32 13 140 143 18.2
2 12 11 20 Ao an 35 35 34 ar 14
3 18 14 18 28 N 35 30 ar 34 12 3
IR 1 a 14 22 an 24 36 32 34 34 ¥ 141 133 14.6
2 a g 17 24 26 38 aa ]3] ar 3]
3 12 10 25 33 33 3T 34 34 40 14 4
DLP 1 a 12 20 28 an 35 33 33 N a 144 144 17.8
2 ] 10 20 27 24 33 ) ]3] K} K]
3 ] 10 20 33 20 35 34 4 36 a a
EAS 1 4 8 17 26 3z 34 27 3z 30 a 148 146 14.9
2 ] 13 26 a2 33 32 an 36 ar ]
3 2] 10 20 a0 A1 K} 32 4 33 a 1]
TLS 1 a 16 17 24 24 32 32 33 2h ] 132 130 16.4
2 4 10 18 27 27 32 34 24 29 ¥
3 7 14 17 27 23 N 35 a4 34 T 4
kKS 1 1a 17 23 32 N 40 34 34 43 14 138 134 19.4
2 10 14 22 32 26 39 ar 34 38 10
3 11 12 24 4 N 34 ar a4 34 a4 a
RSS 1 2] 6 17 aa 27 35 32 33 33 11 136 133 146
2 4] 8 16 24 28 k} 27 26 30 3
3 7 11 21 a0 ) 35 33 34 33 4] 4
Mean 88 1.0 1945 283 277 3B 3E0 344 336 9.2 31 1402 1362 158
sdi30 38 3.0 2.8 3.0 a7 2.8 3.4 15 ary 6.6 -
sdi1m 3.2 2.2 2.0 21 2.6 2.4 25 26 3.0 1.8 6.4 7.4 21
2-Value 17.3 137 171 233 1841 261 28.0 Dimensgions in mm.
MRER (Z2sdy= 148 Msdy= 180 Osdy= 1.2

Band Force (M3 Before: 12.0; After: 11.1 CEA Class: B

MER* - Individual 2sd NER




TestID: 258A14 Device: HYA
Date: 8160 Samples: |2 Faosition: OTH Comfort: 1.4
Comments: Part of 'Effect of glasses an muff attenuation' study. See 258411, 258412,
2ABA13, 258A145, 258A16 and 258A17 for related data.
113 Octave-Band Frequency Bitr. |Head
Subj.  [Trial 125 240 500 1000 2000 4000 8000 Comf.  BreadtHeight NRRE*
Ch D 1 16 24 25 aa ar 33 3z 1896, 132 244
2 13 22 3z 34 36 33 ar
3 10 149 2l a7 38 3 a0 2
TJH 1 11 21 a0 34 aa 31 a3 134 128 238
2 8 18 24 aa a0 a3z 34
3 12 22 28 ar 34 a4 34 2
FOuJ 1 14 22 a4 aa aa a4 a4 1483 109 244
2 = 28 3z ar aa aa ar
3 15 28 ar 34 ar a4 ar 0
BAkK 1 16 24 a4 34 aa 41 aa 1400 143 278
2 14 23 a4 a6 41 41 ar
3 19 20 a4 44 44 40 41 3
BAL 1 16 23 a4 aa aa a4 a4 133 12 270
2 16 23 33 3 a4 a8 35
3 13 21 34 36 a6 34 34 1
WS hic 1 15 22 33 34 a7 35 25 132 1260 248
2 13 23 ) 3a a6 a2 28
3 14 21 a1 a7 a4 32 25 4
RTh 1 16 24 33 34 3a a6 41 183 131 271
2 12 22 a2 34 36 aa 43
3 16 24 a7 47 a4 a8 47 2
TLE 1 13 22 3z 36 a8 aa ar 132 130 267
2 13 28 a4 47 aa aa 3z
3 16 20 a3 a7 3 a8 a4 1
FhS 1 16 24 az 3a a4 aa a0 148, 122 26.3
2 13 23 a1 aa a0 ar 47
3 12 20 33 34 34 40 40 2
(Al 1 = 23 a1 ar ag a6 a3 1600 142 261
2 12 23 a4 a4 a4 ar a6
3 13 28 a3 34 a4 ] a8 2
Mean 136 232 3245 382 366 362 358 1.8 1443 1275 26.0
sdi3m 2.5 2.0 2.1 248 27 3.0 4.7
sdi{1) 1.8 1.5 1.8 1.4 2.0 27 4.6 1.1 108 111 1.3
E-Yalue 26 27T 314 33F 301 293 274
MNRR i2sd)= 248 i1sd)= 276 {0sd)= 0.2

Band Farce (MY #1-11.1, #2-1049

58 Class: A

MRERE™- Individual 25d NRER




TestIC 258817 Device: | HYA + Dupont Tywek Hoods

Date: 8MGI0A Samples: 2 FPosition: [OTH Comifort: 3.8
Comments. | Part of 'Effect of glasses on muff attenuation' study. See 253414, 298415 &
258816 for related data.
113 Octave-Band Frequency Bitr. Head
Sukj. [Trial 125 240 500 1000 2000 4000 8000 Comf. Breadth Height MNER*
CAAD 1 11 23 ar 39 38 42 43 156 132 2449
2 10 24 34 40 39 34 34
3 10 19 a0 33 35 37 42 4
TJH 1 10 17 21 a7 24 30 35 134 128 18.2
2 7 13 22 31 29 30 gl
3 10 17 20 33 33 35 35 ]
FDOu 1 13 17 21 27 31 a7 43 148 103 17.3
2 4 20 22 27 29 33 39
3 12 13 23 37 34 33 41 g
BAkK, 1 1% 22 35 28 3z 41 34 150 143 228
2 g 22 a6 a7 34 33 a1
3 16 23 35 34 40 40 44 4
BAL 1 14 16 22 a0 34 36 35 133 112 21.3
2 13 17 22 30 32 33 35
3 12 14 28 28 33 33 34 1
WSk 1 16 17 22 31 34 36 34 132 126 136
2 4 g 14 25 28 31 33
3 10 12 19 31 30 32 £l B
FTh 1 11 14 26 30 36 40 41 153 131 204
2 11 24 ) a7 33 a7 45
3 10 17 24 40 32 35 34 3
TLS 1 ] 17 a0 24 33 39 40 132 130 22.3
2 11 13 26 a7 33 33 33
3 13 21 27 30 33 34 35 1
kms 1 15 19 24 34 33 a7 43 145 122 24.3
2 14 21 a0 32 33 43 45
3 11 22 24 31 31 40 45 3
kdZ 1 3 17 34 25 32 34 ar 160 142 17.8
2 12 21 33 35 38 39 34
3 7 21 32 31 35 36 a7 2
hlean 10.7 18.6 274 324 331 a7 386 3.8 1443 127.58 20.3
sd(30) 3.3 4.0 6.0 4.4 3.3 3.3 4.1
sd(10) 2.0 3.4 a.7 2.8 2.5 2.8 3.8 2.4 10.8 11.1 3.6
G-Yalue 201 19.1 18.7 237 25.2 29.4 31.5
HER (2sd)= 18.5 (1sd)= 2248 (Osd)= 2649

Band Farce (MY #1-11.1,#2-10.49 C5A Class: A MRRE* - Individual 2sd MRR
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